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ABSTRACT

SAMARA RACHEL ZEIGER
THE ROLE OF MATH TALK IN CONCEPT FORMATION 
Under the Direction of Jane West, Ed.D.

This study addresses the problem of students’ failure to demonstrate improvement 

in mathematical performance as revealed on the 2009 National Assessment of 

Educational Progress (NAEP) of Grades 4 and 8 (NCES, 2009). My study examined how 

spoken and written communication aided students in understanding mathematical 

concepts. Whether spoken or written, communication provides students the chance to 

express their mathematical understanding and create meaning at an individual level. The 

purpose of this qualitative study was to explain how students in a fourth/fifth grade, 

multiage, private school classroom in north Georgia were able to utilize spoken and 

written communication as a way of understanding mathematical concepts. The 

methodology for this study was qualitative, as I observed the entire class during 

mathematics instruction, read and analyzed the writing samples of four case study 

participants, and conducted interviews based on participant writing samples. The four 

case study participants allowed for an in-depth analysis of student’s written math talk, 

while whole class observations provided information on the types o f teacher math talk 

and student math talk. Vygotsky’s (1962/2012) view of concept formation provided the



theoretical framework for this study, while my conceptual frameworks were Writing 

Across the Curriculum, writing to learn, and Halliday’s (2003) Seven Functions of Oral 

Language. The findings o f the study provide insight into the relationship between the 

contexts o f math talk and the types of math talk that occurred in the multiage classroom, 

and how both spoken and written communication aided students in conceptually 

understanding mathematics concepts. Recommendations for further study included 

investigating peer conversations in depth to differentiate types of talk in peer and whole 

class groupings, recreating the study in a public school setting, and determining why 

teachers are asking more questions than students ask during mathematics instruction.

xiv



CHAPTER 1

INTRODUCTION TO THE STUDY

The Mathematics 2009 National Assessment of Educational Progress (NAEP) at

Grades 4 and 8 provided disheartening information regarding the performance of fourth-

grade students in mathematics from 2007 to 2009 (National Center for Education

Statistics [NCES], 2009). The NCES (2009) reported, “There has been no significant

change in the performance of the nation’s fourth-graders in mathematics from 2007 to

2009. State results, however, show increases in average scores from 2007 to 2009 for

eight states and decreases for four states” (p. 7) This information shows that over a two-

year span, students in 46 of the 50 American states made no significant advances or

regression in mathematical progress. Implementation of the Common Core State

Standards (CCSS) in schools currently places emphasis on changing instructional

practices in mathematics in the United States, as this is the only way that the mathematics

achievement of students will improve (National Governors Association Center for Best

Practices [NGA Center], 2010). Many advocate for STEM education in America, which

focuses on science, technology, engineering, and mathematics, as a way to focus on these

particular areas in order to ensure preparation of students for future study or careers in

these fields (NGA Center, 2010)

One major focus of CCSS is for students to graduate school with the necessary

skills to be successful in college and career ready. The CCSS document reflects the

1
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addition of a standard whenever “the best available evidence indicated that its mastery 

was essential for college- and career-readiness in a twenty-first-century, globally 

competitive society” (NGA, Center, 2010, p. 3). The concept that the design of K-12 

education is to prepare students for college serves as the basis for CCSS, which is why 

the standards incorporate the skills that college students need and ensure that every 

grade-level curricula aids students in meeting these requirements (NGA Center, 2010).

The CCSS for mathematics are a “balanced combination of procedure and 

understanding” (NGA Center, 2010). Students who lack understanding of mathematical 

concepts may not be fully engaging in mathematics learning. One of the ways the 

National Council of Teachers of Mathematics (NCTM) (2000) has promoted 

mathematical understanding is through their standard for communication in mathematics 

in Principles and Standards for School Mathematics (2000, p. 60):

Instructional programs from prekindergarten through grade 12 should enable all

students to-

•  Organize and consolidate their mathematical thinking through 

communication;

• Communicate their mathematical thinking coherently and clearly to peers; 

teachers, and others;

•  Analyze and evaluate the mathematical thinking and strategies of others;

•  Use the language of mathematics to express mathematical ideas precisely.

The CCSS and the NCTM both promote communication as a way for students to 

understand mathematical concepts; however, it appears that even with this impetus for



change on the focus of mathematical practice, students are not exhibiting changes in 

academic performance (NCES, 2009).

Statement o f the Problem 

Students in the United States continue to perform lower on high-profile 

international tests and measurements than students in other countries such as Japan, 

Finland, and South Korea (Cavanagh, 2012). Many U.S. leaders believe student 

performance on a handful of high-profile international tests highlights the weakness of 

the American education system (Cavanagh, 2012). These international comparisons 

cause many American policymakers to contend that the United States needs to “raise its 

performance, or risk becoming a less prosperous, less productive, and less innovative 

nation” (Cavanagh, 2012, p. 2). One of the areas of education where America appears to 

be either quiescent or deteriorating academically is in mathematics (NCES, 2009).

As reported earlier, fourth-grade students in the United States displayed no 

significant changes in their mathematical performance in the years 2007 to 2009 on the 

NAEP. Whereas student performance in some states indicated minimal increases, student 

achievement in four states actually showed a decline (NCES, 2009). Lampert (1998) 

stated, “Mathematical communication is neither a matter of curriculum nor a matter of 

instructional process—it is both” (p. 12). Cavanagh (2012) contends that unless the 

education system removes focus on high-stakes testing and emphasizes curriculum, 

American students will continue to underperform in mathematics.

Throughout history, many curriculum changes have placed emphasis on specific 

subject areas. The first notable change occurred after the Soviet Union’s launch of
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Sputnik in 1957, an event that caused Americans to examine science’s place in the United 

States’ schools and the curriculum (Ladson-Billings & Brown, 2008). This scrutiny led 

to the National Defense Education Act of 1958, which allocated federal funding to 

improve instruction in mathematics and science. Other influential documents included A 

Nation at Risk, No Child Left Behind (NCLB), and the Common Core State Standards, 

currently implemented in 42of the 50 states (NGA Center, 2010). Each of these 

educational changes developed as a response to either a global concern, such as Sputnik, 

or educational concerns stemming from less-than-acceptable student performances on 

national or international assessments.

Common Core State Standards are “the most sweeping reform of the K-12 

curriculum that has ever occurred in this country” (Calkins, Ehrenworth, & Lehman,

2012, p. 1). However, as illustrated by the various curricula that have come and gone in 

America’s history, it is easy to see why educators, parents, students, administrators, and 

society as a whole might be skeptical of the success of these new standards for learning. 

What appears to make CCSS different from previous curriculum reforms is its large focus 

on preparing students for college and careers by emphasizing college- and career- 

readiness in all curriculum areas (NGA Center, 2010).

Purpose of the Study 

The purpose of this study is to examine the role of spoken and written student 

communication in the mathematics classroom. Very little research exists regarding the 

use of Writing Across the Curriculum (WAC) in the elementary classroom, most likely 

because WAC is a concept mostly used in universities and only infrequently implemented
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in high schools (Ackerman, 1993). In fact, Ackerman (1993) specifically stated that to 

his knowledge “No surveys exist that specifically tally WAC developments in elementary 

and secondary public schools” (p. 340). Ackerman (1993) added that, of all the research 

conducted on writing as a mode of learning, only six studies focused on students below 

an eighth-grade level.

Research is also sparse on writing to learn in the elementary classroom. Durst 

and Newell (1989) reviewed prior research on writing to learn and interpreted its use as 

important to the production of learning when it consisted of note taking, answering 

comprehension questions, and summarizing text. Few studies have looked at the direct 

effects of writing and understanding new information (Applebee, 1984). There are 

dissertations that have analyzed writing to learn at the elementary level, but most of these 

were quantitative in methodology (Bauman, 1992; Brodney, 1994; Davis, 1990; Hyser, 

1992; Johnson, 1998; Lodholz, 1980; Madden, 1993; Millican, 1994; Moynihan, 1994; 

Wells, 1986). This study sought to contribute qualitative information on the role of 

writing to learn as a means of communicating and constructing conceptual understanding 

in mathematics in the elementary classroom.

Research Questions 

The primary research question of this study is the following:

1. What role does writing to learn play in helping elementary students construct 

conceptual understanding in mathematics? The overarching question 

generated the following secondary questions:

a. What types of writing are actually occurring in mathematics?
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b. How does writing in mathematics aid students in forming conceptual 

understanding?

c. How do students apply conceptual understanding in writing in 

mathematics in subsequent mathematical learning contexts?

Conceptual and Theoretical Frameworks 

Four frameworks guided this study: Writing Across the Curriculum (WAC), 

writing to learn, Halliday’s (2003) Seven Functions of Oral Language as the conceptual 

frameworks, and the theoretical framework of constructivism. Each of these frameworks 

establishes the need for spoken or written communication in the mathematics classroom 

for students to increase understanding of concepts.

The WAC movement arrived in the United States in the mid-1970s in a few small 

liberal arts colleges, where faculty from outside the English department was encouraged 

to use writing in their courses (Russell, 1992). In 1977, Emig published a seminal essay 

entitled “Writing as a Mode of Learning,” in which she argued that writing has a unique 

purpose for learning, which is central to a student’s academic process. The use of WAC 

existed mostly in higher education and in secondary education until the implementation 

of CCSS, which recommends use of Writing Across the Curriculum in grades K-12 

(NGA Center, 2010; Russell, 1992). Most research shows that WAC’s roots are at the 

university level; however, this does not mean WAC was not occurring at the elementary 

level before implementation of CCSS (Russell, 1992).

Another writing movement that closely aligns with Writing Across the 

Curriculum is writing as a mode of learning, often referred to as writing to learn.
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According to Ackerman (1993), “The phenomenon of writing as a mode of learning can 

be traced to two closely related movements in American education: the process-over- 

product movement and the reemergence of cross-curricular writing programs” (p. 335). 

The current cross-curricular writing movement, as directed by the CCSS, is the use of 

Writing Across the Curriculum (NGA Center, 2010). Ackerman (1993) explained that 

use of writing as a mode of learning, in accordance with WAC, creates the potential to 

transform the classroom environment. This transformation occurs by changing the role 

of the teacher and student so that the teacher moves from “evaluator to collaborator” 

(Newell, 2006, p. 235), and the student moves from one who memorizes and regurgitates 

information to one who makes meaning.

Halliday (2003) provided seven functions of oral language to aid students in 

communication. These functions of language are instrumental, regulatory, interactional, 

personal, heuristic, imaginative, and representational. Chapter 2 provides detailed 

descriptions of these functions. Each of these functions of language allow a child to 

communicate “his intentions” (Halliday, 2003, p. 271), and with this ability, the child has 

no limits as to what he can accomplish. Halliday’s functions of oral language allow 

children to articulate their thoughts and consequently create meaning by speaking their 

thoughts.

The concept of students making their own meaning from information taught in the 

classroom is constructivist in nature. Newell (2006) stated that teachers are embracing 

constructivism in their classrooms to aid students with conceptualizing models of 

learning. Constructivists view learning of new knowledge as an “active construction”
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(Newell, 2006, p. 236) within the context of a particular subject in which students are 

actively engaged in learning. Langer and Applebee (1987) explained, “Writing activities 

can provide varied and effective ways for students to think about and reformulate new 

learning and to integrate new information with their previous knowledge and experience” 

(p. 19). This concept of reformulating and integrating new information easily aligns with 

Vygotsky’s (1962/2012) view of experience as a key for students to process meaning; 

this development not only requires the use o f language, but also involves the cultural 

context in which the language is used.

Vygotsky’s (1962/2012) ideas of how children construct knowledge are reflected 

in the expectations of teacher classroom practices specified in the Common Core State 

Standards. These practices include requiring students to justify their understanding of 

concepts taught in various content areas. For example, one of the main focuses of the 

mathematics standards are that each student “. .  .justify, in a way appropriate to the 

student’s mathematical maturity, why a particular mathematical statement is true or where 

a mathematical rule comes from” (NGA Center, 2010, p. 4). Combining the conceptual 

frameworks of Writing Across the Curriculum and writing to learn, and the theoretical 

framework of constructivism, students will be able to use writing to learn to express their 

understanding of concepts taught in a content area class as well as make meaning of 

concepts through their writing.

Significance of the Study 

Evaluating what is occurring during students’ spoken and written communication 

while learning mathematical concepts creates a clearer picture of the benefits and
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drawbacks of these two types of communication in the classroom. Since WAC has not 

been as widely researched at the elementary level as it has at the secondary and university 

level, it is important to gather data on using Writing Across the Curriculum in an 

elementary classroom. The study of examining spoken and written communication in the 

elementary mathematics classroom will be beneficial to students, teachers, parents, 

administrators, and society as a whole because, in order for America to improve its 

ranking on the international testing spectrum, students need to start performing better in 

all subject areas. This study has the potential to provide information regarding the impact 

of communication on student performance.

Limitations

This study included several limitations. Since this investigation used a case study 

methodology of four students in a single, multiage elementary classroom, the small 

sample size only provides a minute picture of what might be going on in elementary 

classrooms across Georgia and other states. In addition, the shortened timeframe of this 

study, which was only 14 weeks in duration, was a limitation. While this is an adequate 

timeframe for a qualitative study, it might not yield the amount of data possible in a study 

of greater duration.

Another limitation came from the type of student writing I collected and 

examined. I only used writing generated by hand and not what students may have typed 

on the computer or on other technological devices. This means that I did not look at all 

forms of student writing because I eliminated typed text to maintain validity by reflecting
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actual classroom practice: students only handwrite their work during mathematics 

instruction.

My effort to minimize disruption to students’ learning and other classroom 

activities created another limitation. I did not want to take students away from other 

learning opportunities in other subject areas to conduct my interviews. This restricted 

access resulted in conducting interviews over more than one class period, possibly 

altering student thought processes or explanations as opposed to a complete interview in 

one sitting.

The inherent difficulty of assessing the students’ thoughts posed a limitation 

because their thoughts were directly transmitted, but filtered through their writing. 

Discussion of these thought processes was a result o f my reading of their writing and then 

asking pointed questions to gain a better understanding of their conceptual understanding. 

Not having a direct way to access student thought might have limited this study.

The setting of the study posed further limitations. The multiage classroom in a 

private school experienced greater freedom with the curriculum and instruction than 

usually found in a public school setting. In addition, the student to teacher ratio was most 

likely lower than that of a public school. Finally, the fourth-and fifth grade students were 

in the same classroom together for two years with the same teacher, which is also not 

typical o f a public school setting.

Assumptions

I assumed that, because the Common Core State Standards recommend use of 

Writing Across the Curriculum in grades K-12, teachers are actually following through
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and adhering to this change in the curriculum. Furthermore, I assumed that, by looking at 

four different children in the same classroom, I would see a difference in student 

understanding of mathematical concepts through writing to leam in mathematics.

Another assumption I held is that writing to leam in mathematics would aid students in 

comprehending new mathematical concepts. I also assumed that students would be 

writing at an age- and grade-appropriate level for communicating their mathematical 

understanding.

Definition of Key Terms

The definitions provided for the following terms are specific to this research 

study. While there are various definitions for each term, this research study used the 

definitions below specifically.

Common Core State Standards are standards that define the knowledge and skills 

students should have within their K-12 education with the purpose of preparing students 

for college and the modem workforce (NGA Center, 2010).

Communication, in this study, refers to written or spoken correspondence between 

teachers and students, students and students, or students to self.

Concept formation is a change in an individual’s thoughts that emerges only when 

an individual synthesizes abstract ideas (Vygotsky, 1962/2012).

Constructivism is a theory of learning based on how an individual constructs 

meaning from his/her own experiences when presented with new information (Piaget, 

1964; Vygotsky, 1962/2012).
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Content area classes are subjects taught that are not ELA (English language arts). 

In the elementary classroom, these subjects include math, science, and social studies 

(Calkins et al., 2012).

Multiage, in this study, refers to students in a fourth/fifth combined grade-level 

classroom.

Math talk, in this study, refers to spoken or written conversation between teacher 

and student, student and peer(s), or student with self in order to problem solve or aid 

understanding of mathematical concepts.

Spoken communication, in this study, refers to vocal interactions between teachers 

and students and students and students in reference to mathematical instruction, learning, 

or concepts.

Student math talk in this study, refers to students using mathematical terms and 

vocabulary to discuss mathematical concepts, ideas, or solve problems.

Teacher math talk in this study, refers to teachers providing direct instruction to 

students by using specific mathematical terms and vocabulary, which also includes 

asking preparatory and problem-solving questions.

Understanding is a comprehensive learning experience that comes from a deeper 

thought process of the subject matter due to critical thinking (Borba, 2011).

Written math talk, in this study, refers to students written reflections about their 

mathematical processes, conceptual understanding, or thoughts about a particular lesson 

or activity.
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Writing Across the Curriculum is a research-based approach using writing in the 

content areas to produce active student learning across all content areas (NGA Center, 

2010; Russell, 1992).

Writing to leam  is not a prescribed program of learning, but a way of using 

writing as a means for students’ thoughts to “grow and clarify through the process of 

writing” (Bazerman et al., 2005).

Summary

According to The Nation’s Report Card (NCES, 2009), students are still not 

making significant performance gains in mathematics. The CCSS have placed an 

emphasis on preparing students to become college and career ready by ensuring students 

truly understand the content area of mathematics with a balanced process of teaching 

procedure and teacher assistance (NGA Center, 2010). This study plans to shed light on 

how communication in mathematics plays a role in students’ conceptual understanding.

Chapter 2 presents key information on the theory o f writing and thinking, a 

constructivist perspective on writing and thinking, the historical and current views on 

writing to leam, and writing in mathematics. The literature review also addresses 

findings from research conducted thus far on these topics and provides information on the 

use of spoken communication in the mathematics classroom and Halliday’s (2003) Seven 

Functions of Oral Language. Chapter 3 describes the methodology of the study and 

offers the rationale of using a case study for this research investigation as well as 

sampling, data collection, and analysis procedures. Chapter 4 presents my findings, and 

Chapter 5 provides conclusions, implications for teachers, and ideas for future research.



CHAPTER 2 

REVIEW OF LITERATURE 

The purpose o f this research was to examine communication in mathematics in a 

multiage elementary classroom as a means of aiding students in constructing and 

understanding mathematical concepts. This study examined what occurred when 

elementary students used written and spoken communication in mathematics, providing a 

clearer picture of the role that communication played in the content area of mathematics. 

To reiterate, this study sought to answer the primary research question:

1. What role does writing to leam play in helping elementary students construct

conceptual understanding in mathematics?

a. What types of writing are actually occurring in mathematics?

b. How does writing in mathematics aid students in forming conceptual 

understanding?

c. How do students apply conceptual understanding in writing in 

mathematics in subsequent mathematical learning contexts?

The information presented in this literature review provides a basis for 

understanding what is known thus far about writing and thinking, a constructivist 

perspective on writing and thinking, the historical and current views on writing to leam, 

writing in mathematics, spoken communication in mathematics, and Halliday’s (2003) 

seven ftmctions of oral language.

14
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The information included in this literature review met the following criteria:

• The article or book was in English or translated into English.

•  The information was provided in peer-reviewed journals, books, dissertations, 

or reports published by reputable educational institutions.

•  Articles were research based.

•  The article, book, dissertation, or report was focused on writing and thinking, 

writing to leam, Writing Across the Curriculum, writing in mathematics, 

constructivism, Vygotsky’s constructivist views about writing and learning, 

Vygotsky’s views on concept formation, spoken communication in 

mathematics, student talk, teacher talk, or Halliday’s functions of oral 

language.

The literature review is organized into six major sections: Theoretical Foundation 

o f Writing and Thinking, Writing Across the Curriculum, Writing to Leam, Writing in 

Mathematics, Spoken Communication in Mathematics, and Halliday’s Seven Functions 

of Oral Language. Each major section is broken down into subheadings that provide 

information on the history, theories, or research behind writing and thinking and writing. 

Under the main heading of Theoretical Foundation of Writing and Thinking are the 

subheadings Constructivist Views of Writing and Thinking, Concept Formation, and 

Writing and Thinking in Mathematics. Under the main heading of Writing Across the 

Curriculum, there are no subheadings, for the intent of this section is to provide a 

historical perspective on Writing Across the Curriculum. Under the main heading of 

Writing to Leam are the subheadings The History of Writing to Leam, A Constructivist
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Perspective on Writing to Leam, Britton’s Concept of Expressive and Transactional 

Writing, and Current Views on Writing to Leam. Under the main heading Writing to 

Leam in Mathematics are the subheadings Resistance to Writing to Leam in 

Mathematics, Benefits of Using Writing to Leam in Mathematics, Writing and Problem 

Solving, Journal Writing in Mathematics, and Using Writing to Develop Mathematical 

Concepts. Under the main heading of Spoken Communication in Mathematics are the 

subheadings Student Talk and Teacher Talk. Finally, under the main heading of 

Halliday’s Seven Functions of Oral Language are the subheadings Instrumental, 

Regulatory, Interactional, Personal, Heuristic, Imaginative, and Representational.

Theoretical Foundation o f Writing and Thinking 

E. M. Forster (1927) posed the question, “How can I tell what I think till I see 

what I say?” (p. 71). Forster’s question leads to an even more in depth question: What is 

the connection between writing and thinking? According to Applebee (1984), the role of 

writing in thinking is attributable to a combination of four factors:

(a) the permanence of the written word, allowing the writer to rethink and revise 

over an extended period; (b) the explicitness required in writing, if meaning is to 

remain constant beyond the context in which it was originally written; (c) the 

resources provided by the conventional forms of discourse for organizing and 

thinking through new ideas or experiences and for explicating the relationships 

among them; and (d) the active nature of writing providing a medium for 

exploring implications entailed within otherwise unexamined assumptions, (p.

577)
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One might assume that the relation between writing and thinking is obvious; however, 

researchers have not examined ways in which writing about a topic relates to further 

reasoning about the topic (Applebee, 1984; Langer & Applebee, 1987). From a 

constructivist perspective, writing aids thinking in the construction of new knowledge 

(Vygotsky 1962/2012).

A Constructivist View of Writing and Thinking

Constructivism is a theory of learning based on how individuals construct 

meaning from their own experiences when presented with new information (Ertmer & 

Newby, 1993; Vygotsky, 1962/2012). Moffett (1968) asserted that children are not 

empty vessels when they enter school because they come with their own ideas regarding 

the world based on their own experiences. Learners create rather than acquire meaning, 

and it is through the interaction between the learner and the environment that the learner 

creates new knowledge (Ertmer & Newby, 1993). Constructivists view learners as active 

participants in the learning process since they are not just processing information, but 

elaborating on and interpreting presented information (Ertmer & Newby, 1993). 

According to Ackermann (2001), learning today is about “putting one’s own words to the 

world, or finding one’s own voice, and exchanging our ideas with others” (p. 2). A 

unique way for children to represent their experiences of the world around them, in a 

highly organized manner, is through language (Britton, 1970).

Concept Formation

It is not enough for individuals to use their own experiences to make sense of 

information. Words are necessary because without them it is impossible to create real
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concepts (Vygotsky, 1962/2012). According to Vygotsky (1962/2012),

Thought is not merely expressed in words; it comes into existence through them. 

Every thought tends to connect something with something else, to establish a 

relation between things. Every thought moves, grows and develops, fulfills a 

function, solves a problem, (p. 231)

Words are a functional tool of concept formation. Learning to direct one’s own mental 

process with the aid of words or signs is an integral part of the process of concept 

formation (Vygotsky, 1962/2012, p. 116). Writing helps students form concepts and 

allows students to make sense of new information (Brooks & Brooks, 2001).

Concept formation is a change in one’s thought, emerging only when the 

individual synthesizes abstract ideas. The resulting synthesis becomes the new lens of 

thought for how the individual views newly presented information (Vygotsky,

1962/2012). In a concept, “The bonds between the parts of an idea and between different 

ideas are logical and the ideas form part of a socially accepted system of hierarchical 

knowledge” (Berger, 2005, p. 158). Every thought a child has tends to connect to a 

previous thought or experience creating a relationship between ideas or concepts 

(Vygotsky, 1962/2012). A student’s relation of thoughts to words is a continual process 

moving back and forth from thought to word because “thought is not merely expressed in 

words; it comes into existence through them” (Vygotsky, 1962/2012, p. 231). Through 

writing, students are often able to reformulate and integrate new concepts with their 

previous knowledge and experiences (Langer & Applebee, 1987).
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Writing places writers at the center of their own learning. Writing involves 

language choice and demands students find their own words to express their thinking 

about what is being learned (Mayher, Lester, & Pradl, 1983). When students use writing 

to aid learning and not to regurgitate what their teachers have said, they are able to think 

in their own language (Mason & Boscolo, 2000). When students are able to think in their 

own language, it provides them the opportunity to reason and reflect on their own writing 

(Mason & Boscolo, 2000).

Writing to leam is an active approach to learning that requires educators to view 

learning and writing as meaning-making processes, which involve students actively 

making connections between their current learning and their prior knowledge (Mayher et 

al., 1983). The active approach to learning and building connections aligns with 

Vygotsky’s (1962/2012) definition of concept formation as an active process in which 

students used previous experiences as well as their own developmental capacity:

A concept is more than the sum of certain associative bonds formed by memory, 

more than a mere mental habit; it is a complex and genuine act of thought that 

cannot be taught by drilling, but can be accomplished only when a child’s mental 

development itself has reached the requisite level, (p. 158)

The manipulation of one’s previous experiences can produce a new state of 

understanding, which Craik (1943/2010) referred to as thinking that may occur through 

action or words. This type of manipulation occurs when students are learning new 

information in a particular content area such as mathematics.
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Writing and Thinking in Mathematics

The National Council of Teachers of Mathematics (NCTM) places an emphasis 

on mathematical thinking through mathematical communication (NCTM, 2000). In the 

NCTM’s Principles and Standards fo r School Mathematics (2000), the content standard 

of communication suggests that math programs allow students to do the following:

(1) organize and consolidate their mathematical thinking through communication;

(2) communicate their mathematical thinking coherently and clearly to peers, 

teachers, and others; (3) analyze and evaluate the mathematical thinking and 

strategies of others; and (4) use the language of mathematics to express 

mathematical ideas precisely, (p. 60)

According to Kostos and Shin (2010), displaying a correct answer can be evidence of 

skill mastery and therefore does not necessarily provide evidence of mathematical 

thinking. Quinn and Wilson (1997) found that students were more likely to develop 

understanding of a concept when required to write an explanation instead of just an 

answer. Ben-Hur (2006) contends that it is important for teachers to encourage students 

to explain their mathematical thinking, whether aloud or in writing, so students can 

identify similarities and differences in thought processes.

Most teachers are aware that students leam through reinforcement, feedback, 

synthesis, and action and that there are various attributes of writing that can aid in all of 

these areas (Countryman, 1992). As students write, they are immediately able to review 

their writing for reasoning and correctness (Freitag, 1997), strengthening their 

experiences of new concepts by getting immediate feedback from the words they produce
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and becoming better writers and thinkers (Countryman, 1992; Emig, 1977). Writing in 

mathematics requires students to organize, clarify, and reflect on their ideas, and it allows 

them to make sense of the mathematical concepts they are learning (Bums, 2004). Flores 

and Brittain (2003) assert that through writing, a student becomes an active participant in 

his own learning, engaging with the content, and creating a “silent dialogue” between the 

student and the content that allows him to create a personal connection to the new 

concept as he decides what is meaningful and relevant to him.

Teachers typically spend very little instructional time on discussions of 

mathematical concepts, focusing most of their instructional time instead on exercise and 

drill activities (Ben-Hur, 2006). Concept formation is a reflective process that cannot be 

transmitted from one person to another through talk alone (Ben-Hur, 2006; Bums, 2004). 

Students must formulate conceptual understanding from their own experiences (Mason & 

Boscolo, 2000; Vygotsky, 1962/2012). Students’ abilities to identify and describe 

important ideas and concepts are benchmarks of critical understanding (Pugalee, 2004).

Grossman, Smith, and Miller (1993) found a connection between student ability 

to explain mathematical concepts in writing and comprehension of the concept. They 

suggested that:

A student’s ability to explain concepts in writing is related to the ability to 

comprehend and apply mathematical concepts. This is applicable in both short 

and longer timeframes. The findings further suggest that when a student 

demonstrates the ability to write about concepts this may be viewed as both an 

expression of comprehension and a product of knowledge, (p. 4)



22

According to Ben-Hur (2006), students must leam to define mathematical 

concepts and elaborate on them by demonstrating their conceptual understanding in both 

words and symbols. The use of words and symbols in mathematics help to focus 

students’ attention and play a crucial role in concept formation (Berger, 2005). Bums

(1988) stated that one o f the benefits of using writing in mathematics is that students are 

encouraged to reflect on as well as explore their reasoning, which may help further their 

thinking and understanding of a concept.

The use o f writing in mathematics is an important aspect of “intentional learning,” 

which is using writing as a tool for students to organize thoughts and reflect on ideas with 

the goal o f obtaining knowledge (Mason & Boscolo, 2000). The use of writing in aiding 

mathematical concept formation means that teachers have a record of students’ 

conceptual development (Ben-Hur, 2006). A frequently used term when referring to 

writing as a way o f enhancing student learning in content areas is Writing Across the 

Curriculum.

Writing Across the Curriculum

The idea and practice of sharing the responsibility for teaching writing goes back 

as far as the creation of American Universities, and this movement of sharing 

responsibility for teaching writing was coined Writing Across the Curriculum (WAC) in 

the 1970s (McLeod & Maimon, 2000; Russell, 1990). Britton (1970) played an 

influential role in the creation of what came to be known as Writing Across the 

Curriculum. Britton’s (1970) book, Language and Learning, presented the argument that 

language is a key component to learning. Britton was asked to be a main contributor to
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The Bullock Report’s (1975) chapter on “Language across the Curriculum,” where it was 

noted that language plays an important role in discipline-specific learning (Bazerman et 

al., 2005; Bazerman & Russell, 1994). The Bullock Report described the English 

teaching practices in England and offered suggestions for improving these teaching 

practices (Brunetti, 1977). The chapter on language across the curriculum emphasized 

placing writing in all classes, not just English classes. The terminology in The Bullock 

Report made its way from Europe to the United States and transformed into Writing 

Across the Curriculum (Bazerman et al., 2005).

Soon after the phrase “Writing Across the Curriculum” made its way to America, 

a literacy crisis occurred. This crisis was due to a press report citing the declining student 

writing abilities published in the 1974 National Assessment of Educational Progress 

(NAEP) Russell, 1992). The results of this particular assessment, administered every five 

years, showed a decline in student writing abilities from its first administration in 1969. 

However, when the test was administered again in 1979, the results showed higher scores 

than in both 1969 and 1974 (Russell, 1992). The NCES warned the public not to jump to 

conclusions regarding students’ writing abilities and use caution regarding media 

assertions. Unfortunately, the public did not heed the warning, waging a war on literacy 

that placed emphasis on the skill of writing (Russell, 1992).

After the literacy crisis in 1974, American English educators decided that 

something needed to be done, and they turned to the British tradition of “teaching, 

research, and curricular reform in language instruction” (Russell, 1992, p. 14).

Examining the British tradition of education proved to be the catalyst for the American
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WAC movement, which occurred almost a decade later. American educators began to 

borrow from the British way of teaching writing, starting with adopting the terminology 

“Writing Across the Curriculum.” American proponents of WAC used Britton and his 

colleagues as the seminal work in thinking about the relationship between writing and 

learning (McLeod & Maimon, 2000). American educators found value in British 

theoretical and research models instead of relying on the progressive tradition, which was 

popular in America at the time (Bazerman et al., 2005; Russell, 1992).

Two influential individuals, Maimon and Fulwiler, adopted the idea of Writing 

Across the Curriculum from the British tradition and brought it back to the United States. 

Maimon and Fulwiler created groundbreaking programs at Beaver College and Michigan 

Technological University, where they were junior English faculty members trained in 

literature, but not composition (Russell, 1992). Maimon, in charge of improving student 

writing, put into place the practice of Writing Across the Curriculum by working with 

colleagues in other disciplines interested in improving their pedagogy through the use of 

writing. With the aid of a National Endowment for the Humanities (NEH) grant,

Maimon was able to launch a series of workshops on writing. The first workshop, 

offered in 1977, focused on treating writing and teaching as a “serious intellectual and 

scholarly activity intimately related to disciplinary interests, not as a generalizable 

elementary skill” (Russell, 1992, p. 16). While Maimon was working at Beaver College, 

Fulwiler was conducting important work at Michigan Tech. To help with his work, 

Fulwiler also received a grant, which allowed for creation of a writing retreat for 15 

volunteer faculty members. At this workshop, Fulwiler used Britton’s theoretical
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formula and the Bay Area Writing Project’s workshop style, which involved the use of 

learning logs or journals (Russell, 1992). The retreat was successful, leading to future 

retreats where Michigan Tech faculty members delivered instruction to faculty from other 

institutions around the country. The workshops and retreats, initiated by Maimon and 

Fulwiler, raised awareness of WAC, and the movement began to spread (Russell, 1992).

Even with the raised awareness o f WAC, there were teachers who resisted the 

idea of incorporating writing into other disciplines. Those who taught in a specific 

discipline outside of English or literary studies resisted the idea that writing should be 

incorporated into other disciplines. These teachers viewed writing as a set of skills to be 

learned and taught separate of disciplinary knowledge because teachers were frustrated 

with students’ lack of writing skills (Russell, 1992; Walvoord, 1996). Teachers willing to 

add Writing Across the Curriculum focused on grammar and mechanics and did not try to 

teach students how to write in a specific discipline (Russell, 1992).

Another problem that arose from adding writing to disciplines is that teachers 

could not understand the functional difference between expressive and transactional 

writing (Britton, 1970; Fulwiler, 1984). Britton (1970) defined expressive writing as 

more personal and easy for any reader to follow. Martin, D’Arcy, Newton, and Parker

(1976) defined expressive writing as writing that most resembles speech and important 

for students to use when “trying out and coming to terms with” (p. 43) new content 

knowledge. Conversely, the use of transactional writing is to inform, instruct, or 

persuade the reader of something (Britton, 1970; Fulwiler, 1984). Teachers found it 

difficult to understand how expressive writing belonged in the classroom as a form of
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formal communication between teacher and student because expressive writing gives 

students “dangerous freedom of language” (Fulwiler, 1984, p. 115). Fulwiler (1984) used 

his workshops and retreats to show teachers that there is value in expressive writing and 

changed the terminology to words such as exploratory or speculative to avoid the 

confusion that seemed to occur from using the terms expressive and transactional.

Because of the popularity of workshops and retreats occurring at colleges and 

universities all over the United States, the WAC movement began to grow and spread 

rapidly. Educators were now able to find a way to recognize the importance of 

disciplinary knowledge and structure in order to create effective reforms in writing 

(Russell, 1992). Trailblazers like Maimon and Fulwiler realized the emphasis of WAC 

was not on improving writing; instead, it stressed the power of writing to produce active, 

student- and teacher-centered learning (Russell, 1992). One accomplishment of WAC is 

that issues of pedagogy, previously ignored or pushed aside, were now brought to the 

forefront of educational conversation, allowing focused discussion on the fact that 

“language, learning, and teaching are inextricably linked” (Russell, 1992, p. 19).

McLeod and Maimon (2000) believed WAC to be an educational reform, proposing a 

fundamental change in pedagogy and curriculum based on theories of learning, focusing 

on active learning, and engaging with new ideas and content knowledge. One of the 

main ways that WAC accomplishes this reform is through the act of writing to leam.

Writing to Leam

Writing to leam is “based on the observation that students’ thought and 

understanding can grow and clarify through the process o f writing” (Bazerman et al.,
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2005, p. 57). Two of the main individuals responsible for the creation of this definition 

are Britton (1970) and Emig (1977). Britton played an important role in the Writing 

Across the Curriculum movement and writing to leam. Britton and his colleagues 

conducted a detailed survey of student writing in British schools. At the center of the 

study was Britton’s theory that children develop their writing abilities by moving from 

expressive writing, which is more personal, to a more public type of writing, known as 

transactional (Britton, 1970). Britton and his colleagues acknowledged that expressive 

writing was important in writing to leam because it resembled what Vygotsky 

(1962/2012) identified as “inner speech” or “speech for oneself’ (p. 239). Taking 

Vygotsky’s idea of inner speech and translating it into the powerful ways in which 

language, written or oral, organizes a person’s experiences, Britton (1970) and his 

colleagues were able to lend credibility to the idea that cross-curricular writing could 

enhance student learning. Vygotsky (1962/2012) explained inner speech as thinking in 

pure meaning, which has no need for an audience or public discourse and is a means of 

self-discovery. Thoughts have their own structure in the mind, and the transition from 

thought to words can be challenging (Vygotsky, 1962/2012). Writing to leam is the 

process of placing inner speech on paper in an effort to convey one’s thoughts.

History of Writing to Leam

In the late 1960s and early 1970s, a group of British educators and researchers 

focused on promoting integration of writing in all subject areas (Bangert-Drowns,

Hurley, & Wilkinson, 2004). At the same time, Emig (1977), an American educator 

highly influenced by the British approach, made a very strong case for writing as a
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unique mode of learning. Emig’s (1977) formulation as to why there is a strong 

connection between writing and learning is that “learning entails active, personal, and 

self-regulated construction of organized conceptual associations, refined by feed-back 

processes” (Bangert-Drowns et al., 2004, p. 29), and these same features characterize 

what happens in writing. Bruner (1997), while not specifically discussing writing, 

explained that learning occurs in three major ways: (a) learning by doing; (b) learning by 

depiction in an image; and (c) learning by restatement in words. According to Emig

(1977), writing as a process involves all three of Bruner’s reasons as to how learning 

occurs.

Langer and Applebee (1987) publication of How Writing Shapes Thinking added 

to the discourse of writing to leam. By examining writing assignments as part of the 

secondary school curriculum, Langer and Applebee (1987) studied how writing fosters 

integration of new ideas with one’s previous knowledge or experience. They made three 

specific conclusions as to the contribution of writing to a student’s intellectual 

development. First, activities that involve writing produced better learning than activities 

involving only reading or studying. Second, various types of writing activities allow 

students to focus on different types of information. Finally, writing promotes more 

complex and thoughtful inquiry; however, it tends to focus on a smaller amount of 

information (Langer & Applebee, 1987). All three of these conclusions support that 

writing to leam promotes a more focused understanding of the subject matter, but the 

amount of information learned is narrow in scope. Not all writing in the classroom 

should be analytical in nature because there is a place for summary writing and note
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taking, which allow for a more comprehensive, yet superficial, understanding of the 

subject matter (Bazerman et al., 2005).

A year after Langer and Applebee (1987) published their book on how writing 

shapes thinking, Zinsser (1988) published Writing to Learn. In his book, Zinsser (1988) 

explained what he thought about writing as a learning tool:

Writing is a tool that enables people in every discipline to wrestle with facts and 

ideas. It’s a physical activity, unlike reading. Writing requires us to operate some 

kind of mechanism-pencil, pen, typewriter, word processor- for getting our 

thoughts on paper. It compels us by the repeated effort of language to go after 

those thoughts and to organize and present them clearly, (p. 49)

Zinsser’s (1988) explanation of writing as a learning tool is consistent with Britton’s 

(1970) concept of expressive writing. Britton and his colleagues argued that expressive 

writing is particularly important to writing to leam because it can facilitate learning at 

any developmental stage and resembles Vygotsky’s (1962/2012) concept of inner speech. 

Zinsser (1988) spoke with associate history professor, Byrne, who embraced writing to 

leam in his history class. Byrne told Zinsser (1988) that an idea can have its own value, 

but what is the use o f an idea if  you cannot articulate it to another person? Expressive 

writing is a way to place ideas onto paper so that others can see the value.

A Constructivist Perspective on Writing to Leam

A constructivist perspective of writing to leam acknowledges the role of writing 

in helping students clarify their thoughts and understandings based on their own 

experiences (Bazerman et al., 2005). One of the main tenets of constructivism is that
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one’s knowledge of the world derives from personal experiences and interpretations 

(Ertmer & Newby, 1993). Brown, Collins, and Duguid (1989) suggested an individual’s 

experiences produce knowledge and cognition through activity. This knowledge 

continues to evolve with each new use as different activities challenge individual 

understanding of the concept (Ertmer & Newby, 1993). According to Brown et al.

(1989), in order for learning to be successful, meaningful, and lasting, it must include all 

three of these factors: (a) activity (practice); (b) concept (knowledge); and (c) culture 

(context). Writing to leam encompasses all three of Brown et al.’s factors for learning to 

be successful, meaningful, and lasting.

Zinsser (1988) described the use of writing to leam as a way for students to 

organize and clarify their thoughts on a particular topic. Britton (1970) explained that 

one cannot under estimate “. . .  the value of language as a means of organizing and 

consolidating our accumulated experience” (p. 16). The entirety o f children’s 

experiences allows them to make a subject their own. Writing to leam is an active 

approach to learning in which students are able to make connections between what they 

are learning and what they already know (Mayher et al., 1983). Vygotsky (1962/2012) 

believed that making connections between one’s experiences and new information was 

essential for learning to occur.

There is a vast range of assignments or exercises using writing to leam that are 

appropriate for all content areas, benefiting both students and teachers (Ackerman, 1993). 

Some of these benefits to students and teachers are:

• connections in student learning
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• idea retention

• broader thinking skills

• personalized learning

• a record of ideas for later classroom practice (Ackerman, 1993, p. 344).

All of these benefits are constructivist in nature because they are either learning outcomes 

or ways of transforming one’s thinking through writing, which deepens one’s awareness 

of the world (Britton, 1970; Vygotsky, 1962/2012; Yagelski, 2012).

Langer (1984) found that topic knowledge plays a role in the quality and clarity of 

student writing. A student’s prior knowledge o f a topic is important when using writing 

to leam as a means of modifying thinking (Langer, 1984). In addition, the type of writing 

task will most likely have an effect on the type of learning that occurs (Applebee, 1984). 

Britton (1970) discussed two types o f writing that are significant to learning: expressive 

and transactional.

Britton’s Concept of Expressive and Transactional Writing

Young children use expressive speech because it is difficult for them to lose their 

egocentrism and realize someone else might view things differently than they do (Britton, 

1970). Britton (1972), who defined expressive language as “close to the self; language 

that is not called upon to go very far away from the speaker” (p. 35), contended that 

students often use expressive language for the first draft of their most important ideas. 

However, the change from expressive to transactional speech occurs when the language 

is necessary to “get something done” or there is a different audience than the one 

originally intended (Britton, 1970, p. 169). Most often, a child’s earliest form of written
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speech is expressive; only when there is the possibility of an unknown reader may the 

writing move from expressive to transactional (Britton, 1970).

Most of the writing conducted in elementary schools qualifies for one of three 

categories: expressive, transactional, and poetic (Britton, 1970). Figure 1 depicts how 

Britton placed these three types of writing on a spectrum to show that expressive writing 

can lead the writer towards transactional or poetic writing.

T r a ns a c t io na l  K p l  E x p r e s s iv e Po e t ic

Figure 1. Britton’s (1970) Spectrum of the Three Categories of Writing

Britton (1972) described expressive writing as written-down speech, which he 

viewed as important, but he also made sure to note that expressive writing is very 

different from speech, for in speech, there is face-to-face interaction and immediate 

feedback, which is not the case with writing. Expressive writing is a way for students to 

interpret and leam from events around them by using language. Britton (1972) believed
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that written language formed a “gateway to most further learning” (p. 40), a view shared 

by many constructivists (Moffett, 1968; Piaget, 1964; Vygotsky, 1962/2012).

In order for expressive writing to move towards the transactional, a more specific 

reference to the outside world is required (Britton, 1972). Personal features found in the 

student’s expressive writing are omitted, and a clearer context is presented for the reader 

(Britton, 1972). Transactional writing presents a written interaction between people as 

the writer is presenting information while simultaneously keeping the reader in mind 

(Britton, 1970). When students use expressive writing, they do not worry about the 

audience or the reader the way they would in transactional writing (Britton, 1970, 1972). 

When children read their own writing, children become aware of something previously 

unrealized, a process Britton (1972) refers to as learning through discovery. The use of 

both expressive and transactional writing is a way for students to write down their 

understanding of course content, allowing teachers to see if learning is taking place 

(Mayher et al., 1983).

Current Views of Writing to Leam

The development and implementation of the Common Core State Standards 

(CCSS) have generated attention on teaching and using writing to support learning once 

again. The CCSS have made writing a central focus of school reform by providing 

benchmarks for various writing skills and applications at each grade level from 

kindergarten to twelfth grade (Common Core State Standards Initiative [CCSSI], 2014). 

The focus on learning to write as well as writing to leam are emphasized in the CCSS’ 

expectations that students will leam to write for multiple purposes as well as recall,
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organize, analyze, interpret, and build knowledge across the curriculum (CCSSI, 2014).

In addition, the stress of the CCSS on the use of analysis, reflection, and research when 

using writing as a tool for learning emphasizes the role of thinking in writing (CCSSI, 

2014; Graham, Gillespie, & McKeown, 2012).

Writing is an “indispensable tool for learning” (Graham et al., 2012, p. 3) because 

it is used as a means of gathering, preserving, and transmitting information. One of the 

main types of writing required as part of the CCSS is informational/explanatory writing 

(NGA Center, 2010). In order to produce informational/explanatory writing, students 

need to “draw from what they already know and from primary and secondary sources” 

(NGA Center, 2010, p. 23), a concept that aligns with what Vygotsky (1962/2012) 

determined is a way for students to make sense of new information. According to Smith, 

Wilhelm, and Fredricksen (2013), making use of students’ previous knowledge is 

important, but writing is also a way for students to discover new knowledge.

There are teachers who feel as though they have not had appropriate training on 

how to use writing to leam effectively in their classrooms (Graham et al., 2012). This 

unpreparedness, coupled with minimal guidelines given in the CCSS, results in teacher 

discomfort when using writing to leam because they do feel that they possess the 

knowledge, skills, or tools necessary to achieve the outlined objectives (Graham et al., 

2012). Meeting the objectives requires teacher understanding of why writing is 

important, how writing develops, and how to teach writing (Graham et al., 2012). In 

order for writing to leam to be effective, students need instruction on how to write 

skillfully while writing frequently across the curriculum and for many different purposes
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(Graham et al., 2012). The focus of Writing Across the Curriculum has increased with 

the implementation of the CCSS, and teachers need to feel prepared to use writing to 

leam in all content areas (CCSSI, 2014; Graham et al., 2012; NGA Center, 2010).

Writing to Leam in Mathematics 

The National Council of Teachers of Mathematics (NCTM, 2000) identified 

communication of mathematical concepts as a major goal for students, highlighting 

writing as “an essential part o f mathematics and mathematics education” (p. 60). The 

CCSS also emphasize student communication in mathematics through discussion with 

others, as well as the student’s own reasoning (NGA Center, 2010). Despite the 

significant focus of the NCTM and the CCSS on using writing as a means of 

communication in mathematics, research has shown that this practice is still not occurring 

regularly (Flores & Brittain, 2003; Graham et al., 2012; Silver, 1999).

Resistance to Writing to Leam in Mathematics

In a survey conducted by Silver (1999) of 117 NCTM math teachers of all grade 

levels, 43% indicated they had never heard of writing to leam or used it in their classes; 

another 20% said they used it rarely. Nearly 60% of the respondents rarely or never used 

writing in their math classrooms. The results of Silver’s survey revealed that some 

educators are not comfortable implementing writing in their classrooms. In addition, 

teacher responses indicated time constraints and tension arising from “the obligation to 

cover predetermined course content and concern for the depth and retention of student 

comprehension of mathematical principals” (p. 389) as compelling reasons for the high 

number of teachers not using, or rarely using, writing in their mathematics classes.
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Quinn and Wilson (1997) also found time constraint was the main reason cited by 

teachers for not incorporating writing into mathematics teaching. In their observation of 

five elementary schools, five middle schools, and four high schools, Quinn and Wilson 

(1997) determined current teacher beliefs and practices regarding the use of writing in the 

teaching o f mathematics. They found that teachers expressed an overwhelming 

frustration with covering the necessary material in the time allotted. Furthermore, a high 

number of teachers did not see the benefit of using writing as a learning tool in 

mathematics. This was especially true of high school teachers, who viewed adding 

writing as an obstacle covering the required curriculum (Quinn & Wilson, 1997).

The resistance of some teachers to use writing to learn in the mathematics 

classroom derives from their perception that mathematics is not a subject that requires or 

often uses written communication (Countryman, 1992; Freitag, 1997). Many 

mathematics teachers believe that words are not the focus of mathematics, and the focus 

should be on numbers and formulas (Freitag, 1997). Some teachers see the benefit to 

using writing in the mathematics classroom but express concern that the writing level of 

their students might hinder their conceptual understanding (Quinn & Wilson, 1997). 

Benefits of Using Writing to Learn in Mathematics

Despite the resistance of some teachers to utilize writing in mathematics, other 

teachers have embraced the practice of using writing to aid student learning. Countryman 

(1992) explained writing as a necessary part of mathematics education, for in order for 

students to be able to learn in mathematics, they must construct their own meaning. 

Writing is an ideal activity for students to construct their own meaning by “exploring,
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justifying, representing, discussing, using, describing, investigating, predicting, in short 

being active in the world” (Countryman, 1992, p. 2). One of the main ways that teachers 

use writing in mathematics is in problem solving (Goldsby & Cozza, 2002; Kostos & 

Shin, 2010; Pugalee, 2004).

Writing and Problem Solving

Problem solving provides a way for students to develop their mathematical 

understanding (Ben-Hur, 2006). Looking for students’ ability to communicate their 

mathematical thinking, Goldsby and Cozza (2002) analyzed a variety of eighth-grade 

students’ written responses to the problem depicted in Figure 2.

Which positive one-digit number do * and 
# stand for in the expression below?

*+ # * -#  = 1 'A  

* + 4 # /* -4  = 9

Figure 2. Sample Problem for Analyzing 8th Graders’ Responses. Adapted from 
“Writing Samples to Understand Mathematical Thinking,” by D. S. Goldsby & B. Cozza, 
2002, Mathematics Teaching in the Middle School, 7(9), 517-520.

The results of Goldsby and Cozza’s (2002) study determined that writing to learn 

can be a window into the mind of students while engaged in mathematical activities, not 

just showing the how, but the why, o f student thinking when problem solving. A correct 

answer without explanation may hide a student’s lack of understanding; however, writing
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about problem-solving strategies can actually reveal a deeper level of student’s 

conceptual understanding (Goldsby & Cozza, 2002). Furthermore, when students write 

about their approaches to problem solving, it permits the opportunity to show other 

methods aside from finding the “one right answer” (Goldsby & Cozza, 2002).

Pugalee (2004) also conducted a quantitative study investigating the impact of 

writing on problem solving in mathematics. The study involved an analysis of the 

written and oral descriptions of the mathematical problem-solving process of 20 ninth- 

grade students enrolled in an introductory high school algebra class. Pugalee (2004) 

found that “students who wrote about their problem-solving processes produced correct 

solutions at a statistically higher rate than when using think-aloud processes” (p. 43).

The results also demonstrated that writing is more useful than the think-aloud process as 

a means for supporting a student’s metacognitive framework. An understanding of 

mathematical concepts paired with a student’s metacognitive process distinguishes a 

student as a successful problem solver, and writing can be an effective tool in supporting 

a student’s metacognitive behaviors (Pugalee, 2004).

The use of journals in mathematics is a very popular practice widely researched in 

the area of mathematics (Bauman, 1992; Baxter, Woodward, & Olson, 2005; Brodney, 

1994; DiPillo, 1994; Goldsby & Cozza, 2002; Madden, 1993; Wells, 1986). In a mixed 

methods study, Kostos and Shin (2010) looked at the effectiveness of math notebooks in 

a second grade classroom as a means for communication of mathematical thinking. Over 

a five-week period, Kostos and Shin (2010) collected data from 16 students in the same 

second grade classroom. The students wrote in their math notebooks approximately three
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times a week, using 16 different prompts that focused on previously taught mathematical 

concepts as well as basic mathematical concepts. As the study progressed, the prompts 

became more in-depth, culminating in a final prompt soliciting a step-by-step explanation 

of the problem-solving procedure. Kostos and Shin (2010) concluded that math 

notebooks were effective in helping students communicate their mathematical thinking 

through drawings and written explanations. The use of math notebooks provided the 

teacher a clearer picture of ways the students used problem-solving strategies and their 

grasp of mathematical concepts.

Journal Writing in Mathematics

Journals tend to be one of the most common forms of writing found in the 

mathematics classroom because of the variety of entries a student can write. Waywood 

(1992) claimed there are three main categories for journal entries in mathematics: 

restating information, summarizing information, or engaging in dialogue with the teacher. 

Journals can be beneficial if  used correctly and the students have a clear understanding as 

to why they are keeping a mathematics journal. Kostos and Shin (2010) stated that math 

notebooks are a nonthreatening way for students to demonstrate their knowledge and/or 

ask questions without fear or embarrassment, which might otherwise occur if responding 

orally. In 1988, Zinsser conducted an interview with Countryman about writing in 

mathematics. When asked about journal writing, Countryman stated, “In a journal. . .  I 

want them to suspend judgment—to feel free to ask questions, to experiment, to make 

statements about what they do and don’t understand” (p. 156). Countryman described the
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non-threatening environment that Kostos and Shin (2010) identified as an asset of journal 

writing in mathematics.

Another way that journal writing in mathematics can be beneficial is by allowing 

academically low-achieving students an alternate form of communication. Baxter et al. 

(2005) investigated how one teacher used writing to support mathematics communication 

in a low-track, seventh-grade mathematics class. Over a period of one year, the 

researchers examined four low-achieving students’ use of math notebooks on a weekly 

basis. These students struggled in whole class participation and discussions as well as 

small-group discussions. However, analysis of the students’ journal writing showed that 

these students were able to “explain their mathematical reasoning, revealing their 

conceptual understanding, ability to explain, and skill at representing a problem” (Baxter 

et al., 2005, p. 119). An unanticipated benefit revealed in the results of the study: by 

studying the students’ writings regarding their mathematical understandings, the teacher 

was able to obtain a much clearer picture of what her students did and did not understand 

(Baxter et al., 2005). This clearer picture of student understanding is not limited to 

academically low-achieving students.

According to Goldsby and Cozza (2002), writing to learn strategies such as 

journal writing in mathematics can be a “window into the mind of a student who is 

engaged in mathematical activities, providing the opportunity to ‘see’ the why, not just 

the how, of the students thinking and enabling the student to clarify and extend that 

thinking” (p. 520). A study conducted by DiPillo (1994) investigated how the 

implementation of journal writing in a middle-grades math class affected the students’
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thinking processes and their conceptual understanding of fractions. The student 

participants responded to impromptu mathematical prompts approximately three times a 

week. The qualitative data suggested that the writing students produced provided 

invaluable information about students’ conceptual understanding of fractions. In 

addition, this writing may also have contributed to an increased understanding of 

mathematical concepts on standardized testing (DiPillo, 1994).

Using a quantitative design, Wells (1986) investigated the relationship of math 

instruction in measurement and place value with regrouping accompanied with journal 

writing by students in grades one through three. The study consisted of two parts: 

mathematics instruction and journal writing for the experimental group and mathematics 

instruction without journal writing for the control group. This particular study was 

concerned with academic gains in mathematics for the students. One of the main 

findings of the study showed that third-grade students made significantly higher gains 

academically when given mathematics instruction accompanied with journal writing 

(Wells, 1986).

In 1992, Bauman also examined the effects of journal writing in mathematics on 

academic achievement. Conducted over one school semester, the study utilized a pretest- 

posttest nonequivalent design to examine the effects of writing to learn activities on the 

mathematics achievement o f fifth-grade students. Bauman (1992) also gave the students 

and teacher a questionnaire to solicit their perceptions of the value of using writing to 

learn activities in the mathematics classroom. The data did not show a statistical 

significance in mathematics achievement after students participated in writing to learn
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activities in mathematics, but the responses to a majority of the student questionnaires 

indicated the students perceived the activities as a strategy for them to understand 

mathematical concepts and a valuable aid to the learning process (Bauman, 1992).

Brodney (1994) achieved similar results from investigating the perceptions of 

students using journals as part of their daily instruction in mathematics. These students 

reported that journal writing allowed them a greater opportunity to learn. It is interesting 

to note that these students also perceived their teachers as more effective when journal 

writing was utilized as a tool for learning in the mathematics classroom.

Using Writing to Develop Mathematical Concepts

According to Steele (2005), journal writing in mathematics is a way for students 

to not only explain their thinking but also to help build conceptual knowledge. Steele 

(2005) conducted a study on using writing to access eight seventh-grade pre-algebra 

students’ schemata for algebraic thinking. The purpose of the study was to understand 

how students used writing to develop schemata in the areas of “identification, 

elaboration, planning, and execution knowledge” (Steele, 2005, p. 144) to solve 

structurally related algebraic problems. By using writing to explain their approaches to 

solving algebraic problems, students were able to see mathematics as a “meaningful 

sense-making activity” (Steele, 2005, p. 152). The opportunity to explain their thought 

processes in writing helped the students to develop conceptual knowledge, which cannot 

be generated by rote learning (Steele, 2005). Experts have expressed, and generally 

agree, that concept formation is a reflective process, and concepts do not simply transmit
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through talk; in order for concept formation to occur, individuals must create new 

concept knowledge from their own experiences (Ben-Hur, 2006).

Students must learn to define mathematical concepts and elaborate on them by 

demonstrating their conceptual understanding in words and symbols (Ben-Hur, 2006). 

Mason and Boscolo (2000) found that writing is potentially an extremely useful tool for 

knowledge construction and reconstruction. When writing is used for more than just 

conveying taught knowledge and wielded as a tool to make sense of new concepts, “it 

contributes to facilitating students’ conceptual understanding and leads them to perceive 

writing itself as a more useful and effective activity” (Mason & Boscolo, 2000, p. 223). 

Writing in mathematics is a way for students to build their capacity for thinking, 

reasoning, complex problem solving, and communicating mathematically (NCTM, 2000). 

Mathematical concepts are usually the result of conscious, analytical processes of 

thinking. Writing in mathematics can serve as documentation of these processes, 

reviewable by both teacher and student (Ben-Hur, 2006). Spoken communication in 

mathematics is also a way that students can build their capacity for thinking, as it is “an 

essential part of mathematics and mathematics education” (NCTM, 2000, p. 60). Having 

conversations about mathematical ideas helps students thought processes and allows them 

to make connections to previously learned concepts (NCTM, 2000).

Spoken Communication in Mathematics 

Spoken communication is important in the mathematics classroom because it 

challenges students in their thinking and reasoning when it comes to mathematical 

concepts (NCTM, 2000). Not only does spoken communication aid in thinking in
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reasoning, but it also helps students make connections to previous learned concepts 

(NCTM, 2000). Lampert (1998) stated, “Students must be able to participate in authentic 

mathematics discourses if  they are to learn to reason mathematically” (p. 10). Students 

need to be able to have conversations about what they are learning in mathematics in 

order to “conjecture and connect” (Lampert, 1998, p. 10) to previously learned and new 

math concepts.

One of the ways that teachers can support classroom communication is by 

building a community where students are not afraid to express their ideas aloud (NCTM, 

2000). Communication is “being used as a critical tool in the construction of knowledge, 

not simply an articulation of what is assumed to be already ‘inside’ the learners head” 

(Hicks, 1998, p. 241). Spoken communication in the mathematics classroom depends on 

the teachers working to build students’ capacity to “think, reason, solve complex 

problems, and communicate mathematically” (NCTM, 2000, p. 197) and requires the 

teachers to talk to the students and model mathematical discourse in the classroom. 

Teacher Math Talk

In order for students to engage in mathematical conversations, they need their 

teachers to model and facilitate these conversations (NCTM, 2000). Students are not 

naturally able to talk about mathematics and need assistance from their teachers to be 

able to learn how talk about mathematics (Cobb, Wood, & Yackel, 1994). In the past, 

teachers were perceived as the authorities of mathematics; however, there is a renewed 

focus on communication in mathematics as part of the Common Core State Standards 

(NGA Center, 2010; Rittenhouse, 1998). The purpose of teacher talk in the classroom
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has moved from deciding . .  which math content was to be learned” (Rittenhouse,

1998, p. 168) to providing students with ways to talk about the content they wish to learn.

Questioning. One of the ways that teachers can help students express the content 

that they wish to learn is by teaching the students how to question (NCTM, 2000). 

Teachers can model the use of questioning for students in their own math talk and aid 

students in practicing this technique (NCTM, 2000). By modeling questioning for the 

students, the teachers are encouraging the students to “discuss and question their own 

thinking and the thinking of others” (Lampert, 1990, p. 33). Teachers also need to listen 

carefully to student talk in the classroom in order to pose follow-up questions that aid in 

students’ mathematical understanding (Franke et al., 2009). The questioning of student 

thinking may provide teachers with insight into students’ developing mathematical ideas, 

which they might not have had access to otherwise (Martino & Maher, 1999).

Franke et al. (2009) conducted a study to investigate the questioning practices of 

teachers who had been part of an algebraic reasoning professional development for over a 

year. The researchers specifically concentrated on “the ways the teachers asked 

questions to help students make public and extend their mathematical thinking” (Franke 

et al., 2009, p.381) in three elementary school classrooms (two second grade and one 

third grade) in a large urban school district in southern California. The teachers posed 

follow-up questions that often asked for clarification of students’ initial responses, 

elicited further elaboration of strategies used in problem solving, or prompted students to 

notice other mathematical ideas that were present. An analysis of this follow-up revealed 

that these questions did not lead to students providing further explanation. Instead, they
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found that getting students to elaborate and uncover more of their strategies meant asking 

“multiple, specific questions” (Franke et al., 2009, p. 390). It was through these multiple, 

specific questions that the teachers were able to help students make sense of their 

mathematical thoughts. The researchers concluded, “Teachers’ questions can position the 

student thinking in relation to the mathematics in ways that support student 

understanding” (p. 391).

Martino and Maher (1999) also conducted a study that focused on teacher 

questioning. Their 10-year longitudinal study, involving approximately 150 third, fourth, 

and fifth-grade students in New Jersey, examined the development of mathematical ideas 

in children. The purpose of this study was to analyze the following:

How timely questioning on the part of one teacher helped third and fourth grade 

students in one school district: (1) build powerful justifications to their solutions,

(2) connect two problems which were isomorphic in structure, and (3) come to 

understand the strategies of others. (Martino & Maher, 1999, p. 58)

Martino and Maher’s (1999) used two problems in their study. The first problem, 

called the tower problem, required “students to build as many towers as possible of a 

certain height when plastic cubes in tow colors were available, and then convince other 

students that there were no duplicates and none had been omitted” (Martino & Maher, 

1999, p. 59). The second problem, referred to as the pizza problem, required the students 

to create a form to keep track of various pizza orders. The pizza place offered cheese 

pizza with tomato sauce, but customers could also select from the following toppings: 

peppers, sausage, mushrooms, and pepperoni (Martino & Maher, 1999).
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The videotaped data of student participants solving the two problems indicated a 

strong relationship between the teacher posing timely questions and student revisiting of 

previous thoughts. Student reflection and rethinking resulted in student progress toward 

a stronger understanding of the mathematical concepts. Martino and Maher (1999) 

concluded, “Teacher questioning can invite students to reflect on their ideas; further, it 

can open doors for teachers and students to become more aware o f each other’s ideas” (p. 

75). The awareness that comes from teacher questioning is also evident in conversations 

between teachers and students.

Teacher facilitated discussions. Since students cannot be expected to 

automatically know how to participate in the discourse of mathematics, they need to be 

assisted by teachers (NCTM, 2000). Teachers can aid students in participating in 

meaningful math talk by pointing out “features of classroom conversations that are 

representative of mathematical discourse” (Rittenhouse, 1998, p. 170). These features 

might include mathematical vocabulary or a way of presenting a concept that might be 

new to the students (Rittenhouse, 1998). It is the teacher’s responsibility to help students 

acquire mathematical language so that the students are able to accurately describe objects 

and explain concepts (NCTM, 2000). Hearing another person’s perspective on a topic 

can challenge students to re-examine their own thoughts and perspectives (Zwiers & 

Crawford, 2011). When two or more people are part of a discussion, their thoughts 

combine and interact, creating new knowledge. Teachers have the chance to be a part of 

this knowledge creation for their students (Zweirs & Crawford, 2011).
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Mercer (2008) conducted research with Drummond and colleagues in Mexico to 

compare teacher-pupil interactions for two groups of teachers: “those in state schools 

whose pupils did well in reading comprehension and mathematical problem solving, and 

those in similar schools whose pupils did not” (p. 93). To address the hypothesis of the 

study, which suggested that teachers who used dialogue in their classrooms achieved 

better results by using scaffolding for their students, Mercer (2008) investigated the kinds 

of “questions, explanations, and instructions” (Mercer, 2008, p. 93) teachers provided 

their students as well as how often the teachers encouraged their students to talk in class. 

The teachers whose pupils achieved better outcomes possessed three characteristics:

(1) They used question-and-answer sequences not just to test knowledge, but also

to guide the development of student understanding. . .

(2) They taught not just “subject content,” but also procedures for solving

problems and making sense of experience . . .

(3) They treated learning as social, communicative process. (Mercer, 2008, p. 93) 

The results of Mercer’s study align with Vygotsky’s (1962/2012) emphasis on the 

importance of dialogue between adults and children in terms of children’s learning and 

development.

Teacher-led discussions that address the introduction and use of math terms and 

vocabulary are also beneficial and necessary to students (NCTM, 2000). According to 

NCTM (2000), “Teachers in grades 3-5 should look for, and take advantage of, such 

opportunities to introduce mathematical terms. In this way, words such as equation, 

variable, perpendicular, product, and factor should become part of students’ normal
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vocabulary” (p. 198). Academic conversations in mathematics allow the students to 

practice the terms and vocabulary of mathematical concepts from various sources such as 

the teacher, texts, media, or peers (Zwiers & Crawford, 2011). It is not just enough for 

students to be introduced to new vocabulary words; they need to use these words in 

appropriate and authentic academic discourse (Zwiers & Crawford, 2011).

Students may not feel comfortable using mathematical talk in the classroom, so it 

is the teacher’s responsibility to help make sense of this talk (Rittenhouse, 1998). 

Conversations about mathematical concepts may overwhelm students who lack previous 

exposure to mathematical talk, and even though some students might want to be a part of 

the conversations that are occurring, they may not have the necessary tools (Rittenhouse, 

1998). In addition, even if they possess the academic vocabulary, some students may not 

be comfortable stating what they are thinking; thus, teachers need to help students find a 

way to become part of the conversation (Rittenhouse, 1998). Children are more adept at 

internalizing and developing language when they are “immersed in it and when they use 

it for real purposes” (Zwiers & Crawford, 2011, p. 12). Teachers modeling mathematical 

talk in the classroom help students realize that discussing their ideas with others is 

beneficial to advancing their own thinking (Martino & Maher, 1999).

Student Math Talk

Vygotsky (1962/2012) explained that children construct meaning through social 

interaction, which includes talking and shared meaning. NCTM (2000) provides a clear 

definition of the standard of communication for students, which includes that students 

should “communicate their mathematical thinking coherently and clearly to peers,
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teachers, and others” (p. 60). Conversations provide students a way to communicate their 

own mathematical ideas by allowing them to “examine, scrutinize, criticize, validate, and 

shape” (Zwiers & Crawford, 2011, p. 15) the ideas being discussed. Such discussions 

compel students to compare their ideas to others in their class, develop their own ideas, 

and accept critique of their ideas (Zwiers & Crawford, 2011).

Talking with peers. A vehicle for increasing student learning, as well as a major 

component of classroom discourse, is student talk (Franke et al., 2009). According to 

Mercer (2008), “Evidence supports the view that focused, reasoned, sustained dialogue 

amongst peers not only helps children solve problems together, but can promote the 

learning and conceptual understanding of the individuals involved” (p. 94). When 

students are able to talk with each other, they are able to share various strategies and 

comprehension of a concept, thus providing opportunities to help each other develop a 

more complete mathematical understanding (Franke et al., 2009). Conversations allow 

students to explore and work with new concepts to build their own “theories, opinions, 

and mental models” (Zwiers & Crawford, 2011).

Staarman, Krol, and van der Meijden (2005) examined the “occurrence of 

different types of peer interaction and particularly the types of interaction beneficial for 

learning in different collaborative environments” (p. 29). The researchers studied 

students in three different learning environments in order to gain insight into peer 

interactions and compare these interactions across the different environments. The study, 

which included two computer conditions and two face-to-face conditions, revealed that
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face-to-face interactions had a positive effect on students’ willingness to interact in 

collaborative activities (Staarman et al., 2005).

Edwards (2005) explored the math talk of small collaborative peer groups of an 

inner-city girls’ comprehensive secondary school in the south of England. Nearly 1,070 

students, 11-16 years of age, participated in small groups chosen by the students, usually 

based on friendship. At two different points during the year, Edwards (2005) recorded 

the small group talk related to a problem-solving activity over three to seven consecutive 

lessons. One of Edwards’ findings was that “episodes of ‘exploratory talk’ in this study 

provide evidence that cognitive growth can happen within collaborative groups without 

the presence of a ‘more learned other’” (pp. 837-838). Another finding was that friends 

appeared to be better group members than nonfriends because they were able to trust the 

members of their group and were willing to take risks in learning new concepts 

(Edwards, 2005).

Halliday’s Seven Functions of Oral Language 

Halliday (2003) said, “In the most general terms, at the level of social context, 

dialogue can be interpreted as a process o f exchange” (p. 227). This exchange of ideas 

between students is an exchange of information, and in mathematics, the purpose of 

student math talk in peer groups is to make sense of mathematical ideas (Halliday, 2003; 

NCTM, 2000). According to Zwiers and Crawford (2011), “Ideas last longer when they 

are products of shared mental labor” (p. 19).

Halliday (2003) explains that language, for children, is an instrument of 

realization and there is no limit as to what they can do with it. Halliday identified seven
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functions of oral language, each serving a different purpose in oral communication: 

instrumental, regulatory, interactional, personal, heuristic, imaginative, and 

representational. Table 1 displays these seven functions of oral language and a brief 

description of each function. The following sections provide an in-depth discussion of 

each of these functions.

Table 1

Halliday’s (2003) Seven Functions o f Oral Language

Halliday’s Function Description

Instrumental: I want -Language used to get things done and 
satisfy needs

Regulatory: Do as I tell you -Language used to influence the behavior, 
feelings, or attitude of others as a means of 
controlling the situation

Interactional: Me and you -Language used to include or exclude while 
planning, developing, or maintaining a 
group activity or social relationship.

Personal: Here I come -Language used to publicly express one’s 
individuality

Heuristic: Tell me why -Language used for seeking and learning 
about one’s environment; a way of finding 
things out.

Imaginative: Let’s pretend -Language that is not necessarily about 
anything at all, but can be used to create, 
explore or entertain

Representational: I have something to tell 
You

-Language used to explain or communicate 
ideas

Note. Adapted from Halliday, M.A. K. (1969) “Relevant Models of Language,” in 2003, The Language o f Early Childhood, London, 
England: Continuum. Q M.A.K.. Halliday, 2006, ‘The Language of Early Childhood’ published by Continuum Publishing. Used by 
kind permission of Bloomsbury Publishing Pic.

Instrumental Function

This function of language is one o f the first to develop as the child becomes aware

that using it generally results in accomplishing a purpose. This function is also utilized
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when a child wants to express his need for material objects. One example of the 

instrumental function of language is a child’s statement of “I want an apple.” This 

sentence serves two purposes: it expresses the child’s desire for an apple and results in its 

receipt (Halliday, 2003).

Regulatory Function

Like the instrumental function, the regulatory function of language is one of 

control, but use of this function is to regulate the behavior of others around the child. 

Whereas the instrumental function is for a child to make basic commands, an adult often 

models the regulatory function, and the child grasps the concept of language as used for 

control. As a child begins to understand how to use the regulatory function to control 

situations, he may do so with a sibling or a peer (Halliday, 2003).

Interactional Function

Closely related to the regulatory function, the interactional function of language 

refers to the use of language by oneself to interact with others. The child uses the 

interactional function of language to

define and consolidate the group, to include and exclude, showing who is ‘one of 

us’ and who is not; to impose status, and to contest status that is imposed; and 

humour, ridicule, deception, persuasion, all the forensic and theatrical arts of 

language are brought into play. (Halliday, 2003, pp. 273-274)

This function allows the child to internalize what is going on around him by listening and 

talking at the same time (Halliday, 2003).



54

Personal Function

The purpose of the personal function is for the child to become aware of himself 

and his personality (Halliday, 2003). This function is not just the use of expressive 

language about a child’s feelings and attitudes about a particular idea, but also about 

shaping himself through his interaction with others. The personal function of language is 

a way for the child to identify his individuality through language (Halliday, 2003). 

Heuristic Function

The heuristic function of language allows the child to express his understanding 

of how language has enabled him to explore his environment by investigating reality 

(Halliday, 2003). Children ask questions for the purpose of exploring their environments 

and investigating the world around them. By questioning, a child is not interested in 

finding out just facts but seeks to understand the explanation behind these facts. The use 

of questioning in children’s acquisition of language begins early in their language 

development. Halliday (2003) stated, “A normal five-year-old either already uses words 

such as question, answer in their correct meaning or, if he does not he is capable of 

learning to do so” (p. 275).

Imaginative Function

The imaginative function of language allows the child to create his own 

environment. With this function, he is not learning about the environment around him; 

instead, he is creating his own environment through language. Halliday (2003) stated,

The child’s linguistically created environment does not have to be a make-believe 

copy o f the world of experience, occupied by people and things and events. It
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may be a world of pure sound, made up of rhythmic sequences of rhyming or 

chiming syllables; or an edifice of words in which semantics has no part, like a 

house built of playing cards in which face values are irrelevant, (p. 275)

The imaginative function of language is one where the child is in control of how 

language creates his environment (Halliday, 2003).

Representational Function

The purpose of this function is for the child to be able to communicate about 

something specific (Halliday, 2003). The child is aware that he can use language to 

reference a specific process, person, object, abstraction, quality, state, or relation in the 

real world that surrounds him. This function would be the one used by most teachers 

(adults) as it is means to transmit content. This model does not conflict with a child’s 

experience, but focuses on one significant part of his experience, which is real and not 

imaginary.

Purpose of the Seven Functions of Oral Language

Students need to know how to use language in order to learn successfully and be 

an active part of any learning situation (Halliday, 2003). A child’s awareness of language 

cannot exist without an awareness of the functions of language, and the unity of these two 

concepts offers “. . .  a useful vantage point from which language may be seen in a 

perspective that is educationally relevant” (Halliday, 2003, p. 280). A child’s reality is 

mostly realized through the medium of language, which is “meaningful, contextualized, 

and in the broadest sense social” (Halliday, 2003, p. 280). Halliday’s work has not been 

specifically used to analyze concept formation in mathematics.
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Summary

This literature review presented current understandings of writing and thinking, a 

constructivist perspective on writing and thinking, the historical and current views on 

writing to learn, writing in mathematics, spoken communication in mathematics, and 

Halliday’s (2003) seven functions of oral language. Research indicates that writing and 

thinking linked together can aid in conceptual understanding. The constructivist 

perspective on writing and thinking align with the theory of constructivism based largely 

on the ideas of Vygotsky (1962/2012). The Writing Across the Curriculum movement 

propelled the use o f writing to learn across the curriculum, as well as the current views of 

writing to learn. Writing in mathematics promotes student conceptual thinking and 

increases learning opportunities. In addition, spoken communication in mathematics, in 

which teachers model how to communicate in the classroom and the students 

communicate to broaden their conceptual understanding, is important to student learning. 

Finally, Halliday’s seven functions o f oral language provide a framework for the 

functions of the different types of language used by students in the classroom.

Chapter 3 presents the research design and methodology used to conduct this case 

study research that focused specifically on student’s written and spoken communication. 

The rationale for choosing the case study design was to obtain a small picture of what 

occurred in a multiage elementary mathematics classroom. Utilization of a case study of 

four participants as a sample of the multiage class o f 19 was an appropriate methodology 

for a firsthand examination of this phenomenon.



CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY

This chapter presents a discussion of the study’s research design and rationale, 

ethical safeguards, participants, setting, sample strategy, data collection and 

instrumentation, data analysis, role of the researcher, and dependability and credibility. I 

chose to conduct four case studies to answer my research questions. The primary 

research question of this study is the following:

1. What role does writing to learn play in helping elementary students construct 

conceptual understanding in mathematics? The overarching question 

generated the following secondary questions:

a. What types of writing are actually occurring in mathematics?

b. How does writing in mathematics aid students in forming conceptual 

understanding?

c. How do students apply conceptual understanding in writing in 

mathematics in subsequent mathematical learning contexts?

However, as I began to examine my data, new patterns emerged that were not anticipated, 

leading to two other questions that needed to be answered. These questions focused on 

students’ mathematical communication and the role this communication played in their 

conceptual understanding. The questions that emerged as result o f this study were:

2. What is the nature of students’ mathematical communication?

57
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3. What role does students’ mathematical communication play in their 

conceptual understanding of mathematics?

Research Design and Rationale

This study utilized a case study research design. According to Yin (2009), the 

case study method was most appropriate for use in answering “how” and “why” (p. 27) 

questions, such as the research questions addressed in this study. Dyson and Genishi 

(2005) stated, “Everyday teaching and learning are complex social happenings, and 

understanding them is the grand purpose of qualitative case studies” (p. 9). Yin (2009) 

defined a case study as an “empirical inquiry that investigates a contemporary 

phenomenon in depth and within its real-life context, especially when the boundaries 

between phenomenon and context are not clearly evident” (p. 18). Yin (2009) explained 

that it is not easy to distinguish phenomenon and context in situations pertaining to real 

life, which is why there is a focus on data collection and analysis strategies as part of the 

case study. Yin’s (2009) definition of case study encompassed “the logic of design, data 

collection techniques, and specific approaches to data analysis” (p. 18).

A case study is not limited to a study of a single individual, but can also be an 

event or entity (Yin, 2009). This case study was used to “capture the circumstances and 

conditions of an everyday or commonplace situation” (Yin, 2009, p. 48) in a multiage 

elementary mathematics classroom, as well as focus on writing in mathematics of the 

four case study participants. The topic of study was the ongoing use of writing in the 

mathematics classroom as a way for students to enhance their conceptual understanding. 

After analyzing the data, the study became about the use of student communication, both
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spoken and written, in understanding mathematical concepts. Yin’s (2009) approach to 

case study research aligned well with the intent of this research, which was to examine 

the phenomenon of the use of student communication in aiding students’ understanding 

of mathematical concepts, in a multiage elementary mathematics classroom, a “real-life 

context” (p. 18).

Participants, Setting, and Sample Strategies 

This case study took place in a multiage mathematics elementary classroom in a 

private Pre-K to eighth grade school in north Georgia. There were 19 students in the 

classroom, which was a mix of fourth- and fifth-grade students. The fifth-grade students 

had been in Mr. Moss and Mrs. Stevens’ class the previous year. Since it was a multiage 

classroom, the students spent two years with their teachers and then moved onto middle 

grades. There were 10 fifth grade students and 9 fourth grade students. The majority of 

the students were white; however, there was one black boy, one Asian girl, one mixed- 

race boy, and one mixed-race girl. The breakdown of boy to girl students was 8 boys and 

11 girls. This was a co-taught class, with two teachers in the classroom at all times. Four 

of the students left the classroom to go to a support teacher for specific reasons at various 

times throughout the week; for example, three of the students received support with their 

writing skills, and one left the room for psychological support. Of the 19 students in Mr. 

Moss and Mrs. Stevens’ class, nine of the students had psychological reports, meaning 

that they met criteria for a learning disability or a psychological disorder.

The physical layout of the classroom consisted of four tables and four to five 

chairs at each table. There was a Smart board at the front of the classroom and a
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whiteboard by the reading area. Near the whiteboard, there were three floor-to-ceiling 

shelves full of chapter books. In addition, this area contained a small couch and three 

comfortable chairs. The students did not have assigned seats and, unless instructed 

otherwise, the students could sit wherever they wanted in the classroom for instruction.

As previously stated, there were 19 students total in the multiage classroom.

According to Dyson and Genishi (2005), four students is an appropriate sample 

size for gathering research data. To ensure each of the student participants possessed 

various levels of writing competency, obtain a heterogeneous sample of writers, and aid 

in the selection of participants, the two co-teachers collected a baseline-writing sample of 

all of their students. The teachers and I examined these samples as part of the process of 

choosing the student participants and discussed the mathematics abilities o f the possible 

participants. The writing samples served as a guide in picking the participants as well as 

whether or not the student participant was able to articulate his or her thoughts on paper. 

Some students were able to articulate their thoughts orally, but not in writing. Since the 

findings of this study hinged on the ability and willingness of students to discuss and 

further elaborate on their thinking in writing, another factor considered was the 

inclination of students to engage in communication about their writing in mathematics.

Following the example set by Dyson and Genishi (2005) in their case study 

research on language and literacy in a kindergarten classroom, four fifth-grade students 

served as participants in this study. The students in my case study, comprised of three 

fifth-graders and one fourth-grader, provided a sample of the overall make-up of the 

classroom. One of the fifth grade students was Cara, who was a White, 11 -year-old girl.
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She was a quiet student in class, but when it came to writing, she always put a lot down 

on the page. Another fifth grade student was Jalen, who was a Black, 11-year-old boy. 

Jalen, who was very talkative in class, also wrote quite a bit in his math notebook. The 

last fifth-grade student was Nadia, who was an Asian, 12-year-old girl. Nadia was one of 

the students who had a psychological plan designed to address her difficulty with writing. 

She went to a support teacher twice a week for 30 minutes, and her support teacher would 

come to the classroom once a week for 45 minutes. I never witnessed the support person 

helping Nadia in the classroom because her support teacher only came during writing 

workshop. Due to Nadia’s difficulties with writing, she did not put as much on the page 

as the other students in the case study; however, she was extremely talkative in the 

classroom. The fourth student in my study was Stacy, a White, 10-year-old girl fourth- 

grader. Stacy was very talkative in the classroom, but did not write much in her math 

notebook.

The head o f the fourth/fifth school chose the teachers in my study by soliciting 

volunteers willing to have a PhD candidate in their classroom for a few months to collect 

data on writing to learn in mathematics. Only a few teachers expressed comfort with the 

writing that they used in mathematics and having a PhD candidate in their room. Mr. 

Moss and Mrs. Stevens, who co-taught, volunteered to have me in their classroom. Mr. 

Moss was a 49-year-old white male who had been teaching for over 22 years. Mr. Moss 

had a Bachelor of Science in Early Childhood Education. Mrs. Stevens was a 37-year- 

old white woman who had been teaching for over 11 years. Mrs. Stevens had many 

degrees, both outside of and in the field of education. She had a Bachelor of Arts in
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Communication, a Master’s of Art in Teaching, Montessori training in both lower and 

upper elementary, and International Baccalaureate training. Both teachers felt very 

strongly about the use of writing in mathematics and utilized this practice in their 

classroom.

Role of the Researcher and Ethical Safeguards 

My role in this case study stemmed from my own personal history with writing.

As an elementary student, I struggled greatly in mathematics and experienced frustration 

over not being able to convey my understanding of mathematical concepts other than 

performing an algorithm. I often wondered why I could not explain my answer in 

sentence form to allow the teacher to understand my thought process as I solved a 

problem. My lack of mathematical ability, coupled with frustration in math, continued 

throughout my entire educational experience.

Later in life when I became an elementary teacher responsible for teaching math 

to my students, the idea of having the students write to convey knowledge and 

understanding was always in the forefront of my mind. I made sure to incorporate 

writing across all of the content areas to allow students to convey understanding through 

language. It was in my Master’s program that I learned about the concept of Writing 

Across the Curriculum; it became clear that using writing in various content areas did 

occur; however, it occurred mostly at the university and secondary level. It was during 

my Master’s education that I began to wonder how the concept of WAC could be applied 

to elementary education where teachers are often responsible for teaching all of the 

subject areas, as opposed to secondary and university settings in which the teachers are
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often responsible for one core subject area. My experiences as a student and educator 

guided me to develop the primary research question of this study:

1. “What role does writing to learn play in helping elementary students construct 

conceptual understanding in mathematics?”

This question guided the study that led to the two follow up research questions:

2. What is the nature of students’ mathematical communication?

3. What role does students’ mathematical communication play in their 

conceptual understanding of mathematics?

Participant Observer

My role as a researcher was that of participant observer. I maintained a low 

profile in the classroom and did not provide aid in instruction or address discipline issues. 

On occasion, the teachers asked me to keep an eye on the students if both were out of the 

classroom, but this was a rare occurrence. I assisted the teachers with smaller tasks, such 

as supply distribution or other “housekeeping” duties. My in-depth interactions with 

students were limited to the participants in the study; however, I did interact with the 

other students in the classroom when directly addressed. I did not dismiss or ignore the 

other students in the classroom when presented with questions about my presence. I also 

assured the teachers that I was not there to judge or evaluate their teaching. I shared field 

notes, observations about students, and other classroom observations if the teachers asked 

for these. I maintained a positive relationship with the teachers, keeping in mind that I 

was a guest in their classroom.
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Mrs. Stevens asked me to help place the students in ability groups after a lesson 

on division. The students were asked to write answers to the following three questions in 

their math journals: (a) What do you know about division?; (b) How do you feel about 

division?; and (c) Give an example of division at your level. Once the students had 

written their answers, they turned in their notebooks to Mrs. Stevens. After the students 

left to go their special activity, Mrs. Stevens and I read the students answers together, 

looked at their examples, and placed the students in ability groups. This was the only 

time that the teacher solicited my feedback in terms of students’ ability levels or group 

placement. My feedback was asked usually in regards to subject matter, such as “Is this 

the right terminology?” or “Have you seen this particular method before?” I did not want 

to insert myself into the classroom as a decision maker, so assisting Mrs. Stevens placed 

the students in groups was the only time I provided this type of input.

Biases, Assumptions, and Beliefs

Due to my experiences as a student and educator, I held some biases, 

assumptions, and beliefs about writing in mathematics as a way of making meaning. I 

believed writing in mathematics was a way of allowing students to make and convey 

meaning, which was a beneficial practice to all students. I understood that I needed to be 

aware of this assumption and bias throughout data collection and analysis to avoid any 

natural or unconscious inclination to looking more closely for positive outcomes than the 

negative. I understood that it was probably naive to assume that writing in mathematics 

benefits all students equally, but from my own personal experience, I felt certain that, if  

given the opportunity to use writing in all content area classes, I would have been more
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successful as a student in mathematics and most likely other content area classes. I tried 

to keep my own personal feelings about writing separate as I analyzed the students’ 

writing.

Ethical Safeguards

It is extremely important in any research to ensure the privacy and protection of 

the participants and data. After receiving approval from the Internal Review Board of 

Mercer University (see Appendix A), I solicited permission from the head of the school 

to conduct the study. Upon receipt of this permission, consent forms were sent home to 

the parents of each student in the class. Every student in the class needed to have a 

consent form signed by a parent or legal guardian giving permission to their child to 

participate in this case study. There were no students without a signed consent form so 

every student in the class was available to participate in the study. The consent form 

contained specific information explaining to the parents and legal guardians that I 

planned to observe the classroom as a whole, collect and analyze student-writing 

samples, and conduct audiotaped interviews with students. The parents needed this 

information in order to make the best decision for their child as to whether or not he or 

she could participate in this case study. A copy of this consent form is located in 

Appendix B. In Appendix C is a copy o f the student assent letter given to students asked 

to participate in the study. They signed this letter on their own to make sure they were 

willing to share their work, participate in interviews, discuss their writing with me, and 

allow audiotaping of interview conversations. Each teacher signed a consent form
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agreeing to participate in this case study and granting me access to the classroom. This 

consent form is located in Appendix D.

Prior to data analysis and coding of field notes and interviews, I assigned 

pseudonyms to student participants and teachers to maintain their anonymity. I used 

these pseudonyms in data analysis and the reporting of the results. The case studies did 

not reveal any participants’ names or provide any identifying information.

To protect the identity of my participants further, I kept the collected data in my 

own home under lock and key. I placed the documents, interview transcriptions, and 

audio recordings in a locked filing cabinet in my home, inaccessible to other individuals. 

This study did not coincide with my own personal work, so I did not need to worry about 

it interfering with my own teaching or creating a bias towards the students or teachers.

The fact that I collected data at a school unfamiliar to me, and one in which I never 

worked, helped ensure there was no interference with my professional work.

The potential benefits to the students participating in this study was that they had 

a chance to further articulate, through writing and speaking, their understanding of 

mathematical concepts, which may have helped solidify their grasp of mathematical 

concepts. The teachers may have benefitted from having another person in the classroom 

paying extra attention to the writing that was occurring in mathematics. I reassured the 

teachers that I was not judging their teaching; my sole purpose was to gather data for my 

case studies.

The interviews of the participants took place during times of the day when math 

instruction was not taking place. By participating in the interviews at other times, the
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participants might have missed other content area classroom instruction, activity time, or 

recess. I tried not to take them away from other activities. The teachers provided a list of 

the least intrusive times to interview the student participants.

Data Collection and Instrumentation 

To complement Yin’s (2009) procedure of conducting a case study, I used 

Merriam’s (1988) approach to collecting and analyzing documents. Merriam’s (1988) 

approach to using documents as data aligned with the research design because written 

documents created by my participants served as a source of data for this case study. 

Merriam (1988) explained the term document as using written material, other than data 

collected through interviews or observations, to aid case study research (p. 104). To 

examine how students used writing to learn in a multiage elementary mathematics 

classroom, I gathered data from classroom observations, field notes, case study and 

teacher interviews, and collections of writing samples of the participants’ work to code 

for content analysis. Student writing samples are located in Appendices H through K. 

Field notes, transcriptions, and code legends are located in Appendices L through N. 

Observations

I conducted the case study in two phases. In Phase 1 ,1 began by observing the 

class as an entity in order to gather field notes on how the classroom community worked 

as a cohesive learning environment. Dyson and Genishi (2005) explained that it is 

important to take the time to observe the data collection site, paying attention to the 

space, schedule, and people. At this phase, I served as an observer in the classroom with 

very little interaction with the students or the teachers. I followed the parameters
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established by Dyson and Genishi in their 2005 study, in which they informed the teacher 

of their roles: they would not be in the classroom to instruct or discipline the children; 

they would be able to help distribute supplies; and they could talk about observations of 

children with the teacher.

It was important to situate my participants in the classroom community for the 

context of my case studies. Observations of the classroom community prior to the 

study’s implementation facilitated my understanding of the class’ rituals and routines and 

the interactions between teachers and students. Dyson and Genishi (2005) recommended 

immersion in the classroom environment as an important part of understanding the 

particular classroom dynamics. In accordance with this recommendation, I conducted my 

whole class observations over four entire school days to gain a feel for how the class ran 

on a daily basis. I observed student interactions with peers and student-teacher 

interactions, and I noted how the teachers used writing in all of the content areas, paying 

special attention to its use in mathematics. After four days of daylong observations, my 

observations were only during mathematics instruction.

Merriam (1988) stated that participant observation was an important means of 

collecting data in case study research; therefore, much of the data collected in this study 

was in the form of field notes, handwritten in a notebook during observations and then 

transcribed when I got home that evening. Recording my notes by hand and transcribing 

them in the evening facilitated analysis of my data as I moved along in my data collection 

process. It was extremely helpful for me to analyze my data concurrently, especially 

because my data yielded new research questions to address and answer.
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Merriam (1988) also referred to participant observation as fieldwork, which he 

defined as “going to the site, program, institution” (p. 102) to set the field for observation 

of the studied phenomenon. I made field notes each day I observed the classroom. These 

field notes varied in content since they depended on whether I was conducting interviews 

of participants or observing mathematics lessons. Merriam (1988) suggested that field 

notes contain the following:

•  verbal descriptions of the setting, the people the activities;

•  direct quotations or at least the substance of what people said; and

•  observer’s comments, (p. 98)

Merriam recommended placing observation comments “in the margins or in the running 

narrative . . .  identified by underlining, bracketing, or the initials ‘O. C.’ Reflective 

comments can include the researcher’s feelings, reactions, hunches, initial interpretations, 

and working hypotheses” (Merriam, 1988, p. 98). My field notes closely followed the 

suggestions of Merriam. I used a notebook to record handwritten notes in an attempt to 

be less intrusive than carrying around a laptop or tablet. Upon returning home after each 

class visit, I reviewed my field notes and elaborated on my observations as I transcribed 

them onto my computer.

In their study, Dyson and Genishi (2005) negotiated their role with the children by 

“becoming a regular, non-judgmental, attentive classroom participant” (p. 52). Following 

their example, I encouraged the students and the teachers to view me as a nonthreatening 

participant observer by staying quietly off to the side or back o f the classroom in the 

beginning. As the students became used to my presence and saw me more often in the
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classroom, I engaged in interactions with them and became more of a classroom 

participant. My interactions with the students were limited unless I was working with the 

participants in my study.

Teacher Interviews and Observations

In Phase 1 ,1 also focused on observing and interviewing the teachers. The 

purpose of the observations was to gather field notes on the teachers’ pedagogical 

practices across all subject areas, but focusing on writing in mathematics. The interviews 

took place individually, since I did not interview both teachers together. I began each 

teacher interview by asking about the teacher’s educational philosophy. Both teachers 

spoke of how their philosophies of education centered on the child and trusting the child 

with his or her own learning. In addition, both teachers mentioned they were 

constructivists or relied heavily on constructivist ideas about learning. Next, I asked if 

each teacher saw an importance in using writing in math. I then asked if the teachers had 

observed students who were able to grasp concepts better because of using writing in 

mathematics, or did they see it hindering those students who had difficulty? The final 

question sought the teachers’ perception regarding the soundness of the Common Core 

State Standards’ emphasis on the use of literacy across the curriculum. The interviews of 

both teachers provided insight of their backgrounds as educators as well as the 

importance of utilizing writing in mathematics across the entire curriculum.

Student Documents and Interviews

In Phase 2 ,1 collected data from the students and consulted periodically with the 

teachers for triangulation purposes. In this phase, I gathered writing samples that the
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students wrote in their math notebooks and other documents, such as class assignments or 

performance tasks that exhibited student content knowledge in the area of mathematics. 

All of the writing samples were teacher-assigned work, some formal and others informal, 

depending on the type of writing required for a particular assignment. Once I collected a 

variety of writing samples from the participants including reflections, explanations, word 

problems, and connections to other subjects (science), I read over the samples and made 

notes of any questions I had for the participants to help clarify the content of their 

writing. Questions generated from the student writing samples helped guide subsequent 

interviews with the participants.

I conducted three different interviews with each of my four case study 

participants. Copies of the interview questions are located in Appendices E, F, and G 

respectively. Each of the three interviews, conducted one-on-one, had a different 

purpose. I did not conduct any group interviews. I conducted the first interview after I 

collected four samples from each student’s math notebook. For some students, it might 

have been more or less than four, but four was the average. After reading the writing 

samples of each participant, I created questions based on each individual’s writing 

samples. The intent of the questions I asked was to gain more information about the 

student’s thought processes or conceptual understandings based on the student’s written 

work. The second interview focused specifically on looking at the same piece of writing, 

which each student worked on in preparation for their student-led, parent-teacher 

conferences. This piece of writing focused on the students discussing their own 

strengths, weaknesses, and goals in mathematics. The third interview focused on asking
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questions specific to the students’ views of writing in mathematics. After a period of 14 

weeks, composed of classroom visits three days a week and three interviews of each of 

my four case study participants, I achieved data saturation.

Data Analysis

Bogdan and Biklen (1982) offered nine helpful suggestions for analyzing data. 

One suggestion was to analyze data as it was collected; consequently, data analysis in this 

study was an ongoing process throughout the two phases. Bogdan and Biklen (1982) 

asserted that reviewing field notes before the next observation was helpful in planning for 

the next data collection session because the researcher could focus on specific “leads;” 

thus, I reviewed and transcribed my field notes from my classroom observations in both 

phases of my case study. The benefit o f reviewing and transcribing daily was that I was 

able to notice early in the study that there were other research questions necessary to 

answer, based preliminary data analysis. Another one of Bogdan and Biklen’s (1982) 

suggestions was to write personal notes regarding revelations that occurred during the 

study. While taking field notes during the initial observation phase and the teacher 

interviews, I made notes about “issues raised in the classroom setting and how they 

related to the larger theoretical, methodological, and substantive issues” (Bogdan & 

Biklen, 1982, p. 149).

After I transcribed the field notes and audiotaped interviews of the students in 

Phase 2 ,1 coded the transcripts for meaning units as part of a constant comparison 

analysis (Glaser & Strauss, 1967). I began my coding process by looking at all of my 

transcribed field notes. My first attempt at coding my field notes did not aid me in
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further understanding my data, so I aborted that line of coding and began again. I 

realized that I needed to isolate and examine specific aspects of my field notes in order to 

analyze my data. I decided to focus on the questioning, by both teachers and students, 

which occurred in the classroom. I created a table of all of the questions found in my 

field notes, and once I did this, I cut each question into its own strip, facilitating the 

ability to manipulate the questions into various piles based on similarity. After I felt I 

had appropriately sorted the questions into categories, I created a definition for each 

category and reviewed all of the questions again to ensure that each question was in its 

correct pile based on the definitions I had created. At the end of this process, I had five 

categories of questions. I then created a larger theme for these categories and called this 

main theme Questions to Provoke Thought. The five types of questions coded under 

Questions to Provoke Thought were: (a) connection questions, (b) preparatory questions, 

(c) clarifying questions, (d) reflection questions, and (e) problem-posing questions.

Once I felt comfortable with this theme, I returned to the remaining field notes 

without the questions and again cut all of the data up into strips. I started placing the 

strips into different piles based on similar characteristics. This process was a bit more 

challenging, for I had more data to work with than I did with the questions. I had to code 

this data a few times before I felt comfortable with the categories. Again, as I named the 

categories, I created a definition for each category and ensured that each piece of data fit 

appropriately and, if not, I placed that piece of data in its appropriate category. After 

defining all of the categories, I came up with a theme for all of the categories. The theme 

for this data was Contexts for Mathematical Thought. The categories under this theme
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were: (a) giving directions (procedural, instructional, and a combination of both), (b) 

giving directions, and (c) mathematics activities.

The final piece of data I coded were the first interview responses of my case study 

participants. Once again, I cut the data into small strips in an effort to find categories 

within the data. I realized as I began coding the interviews that I would find most of the 

codes about student communication in this data. The categories for this set of data came 

to me easily, and I made sure to create definitions of each category and then check the 

data against my definitions to ensure each code fit appropriately. I named the overall 

theme of this data as Student Communication and the categories under this theme were: 

(a) written student talk and (b) spoken math talk.

I analyzed all of the written documents collected from the participants in Phase 2 

of my study and my field notes by using content analysis. Bernard and Ryan (2010) 

explained that content analysis “involves the tagging of a set of texts or other artifacts 

with codes that are derived from theory or prior knowledge and then analyzing the 

distribution of the codes, usually statistically” (p. 288). I structured the student 

interviews around writing samples collected from each of the participants. I read each of 

the writing samples first and subsequently created questions to get the students to 

elaborate on their mathematical thought processes.

In this study, I refer to the students’ writing samples as documents (Merriam, 

1988). Documents can be used in the same manner that one would use an interview or 

observation because the data could “furnish descriptive information, verify emerging 

hypotheses, advance new categories and hypotheses, offer historical understanding, track
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change and development, and so on” (Merriam, 1988, p. 108). In this study, I used 

documents to track change and development of student understanding of mathematical 

concepts through spoken and written communication.

After analyzing all of my data and creating themes and categories, I realized I did 

not have an effective way to discuss the spoken communication in the mathematics 

classroom, and this led to utilization of Halliday’s (2003) Seven Functions of Oral 

Language. By using Halliday’s functions as a framework for analyzing the types of math 

talk the teachers and the students were using in the classroom, I was able to better 

analyze and interpret the types of spoken communication by the teachers and the 

students.

Dependability and Credibility 

Merriam (1988) explained that dependability in reference to case study research 

did not ensure that an outsider conducting the same study would yield the same results, 

but “given the data collected, the results make sense—they are consistent and 

dependable” (p. 172). The dependability and credibility of my study came in various 

forms. One of the main forms was triangulation through multiple sources of data 

collection. Merriam (1988) explained triangulation as “using multiple investigators, 

multiple sources of data, or multiple methods to confirm emerging findings” (p. 169). I 

used interviews, observations, documents, and audiotaped thought processes of the 

participants as sources of data collection. Each of these sources provided data to inform 

my main research question as well as my sub-questions. By having a variety of sources
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of data collection, I was able to compare findings across all of these forms of data to draw 

the best conclusions.

In addition to triangulation, member checking was a form of checking for 

dependability and credibility with the participants (Merriam, 1988). I only used member 

checking in instances where I was uncertain of a participant’s meaning or intent, thus 

students could clarify their responses. Another form of checking for dependability and 

credibility implemented was repeated observations of the same phenomenon, which 

Merriam (1988) described as “gathering data over a period of time in order to increase 

the validity of the findings” (p. 169). My case study occurred over a 14-week period, 

which gave me the chance to do many repeated observations of the use of writing in 

mathematics as well as student communication in the mathematics classroom.

Merriam (1988) also suggested leaving an “audit trail” as he described in detail 

“how categories were derived, and how decisions were made throughout the inquiry” (p.

172). This audit trail would aid others in being able to “determine whether the sampling, 

measurement, and analyses leading to the main conclusions and explanations stand up to 

the most common sources of bias and error” (Huberman & Miles, 1994, pp. 438-439). 

Merriam (1988) also mentioned this type of examination as a way of “asking colleagues 

to comment on the findings as they emerge” (p. 169). A colleague assisted in the initial 

coding stage of data analysis; however, I did almost all of the analysis on my own. 

Colleagues’ comments on the collected data facilitated the process of triangulation, which 

also ensured the internal validity of this study (Merriam, 1988). All of these measures 

helped assure that my case study was dependable and credible.
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Summary

This chapter described the research design and methodology for this case study, 

which examined the use of student communication in understanding mathematical 

concepts. The designs of Yin (2009) and Merriam (1988) served as the basis for the 

approach of my case studies. A blended approach using both of these researchers’ 

designs suited the goals o f this study.

This chapter also addressed the setting and participants of this study. The 

participants were two co-teachers of a multiage elementary classroom and four student 

participants. The teachers and I chose the student participants based on representative 

heterogeneous writing abilities as well as mathematical ability. Ethical safeguards 

included the assignation and use of pseudonyms to all participants.

Data collection involved the gathering student writing samples, conducting 

interviews with the students and the teachers, and audiotaping students’ thoughts about 

mathematical concepts based on their written work. This data collection process 

occurred over two phases. The first phase looked globally at the classroom community 

and the teachers; the second phase involved collection of data of the four student 

participants. Data analysis consisted of reviewing field notes, transcribing and coding 

audiotaped interviews, and content analysis of student documents. Triangulation, 

member checking, and an audit trail served to reduce bias and assumptions and to 

increase dependability and credibility. Chapter 4 presents the results of this case study. 

Chapter 5 provides a discussion of these results.



CHAPTER 4 

RESEARCH FINDINGS 

This chapter presents the research findings by focusing on the nature of student 

communication and its role in students’ conceptual understanding in mathematics. The 

initial question and three subquestions that guided this study were:

1. What role does writing to learn play in helping elementary students construct 

conceptual understanding in mathematics?

a. What types of writing are actually occurring in mathematics?

b. How does writing in mathematics aid students in forming conceptual 

understanding?

c. How do students apply conceptual understanding in writing in 

mathematics in subsequent mathematical learning contexts?

Unanticipated new patterns emerged during the examination of data, which led to the 

development of two additional questions. These emerging questions focused on students’ 

mathematical communication and the role this played in their conceptual understanding:

2. What is the nature of students’ mathematical communication?

3. What role does students’ mathematical communication play in their 

conceptual understanding of mathematics?

78
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This chapter presents the findings as they inform these two new questions and 

provides an overview of what mathematics instruction and student learning looked like in 

a multiage classroom with specific reference to spoken and written math talk. The 

chapter begins by defining and providing examples of math talk in the multiage 

classroom. Following that are the contexts for math talk and findings of math talk by 

teachers and students in reference to Halliday’s (2003) seven functions of oral language, 

addressed subsequently. Next, the findings from the case study participants’ math 

notebooks and interviews are related. After that, I provide an explanation of my 

integrated model by illustrating the connections of the model to my case study 

participants. The chapter concludes with an example of concept formation through a 

Vygotskian lens. When using student writing as examples, the pieces of writing appear 

exactly as that student had written them. This means their writing may include 

misspelled words, sentence structure errors, and missing or incorrect punctuation.

While observing mathematics instruction and student learning in this classroom 

over 14 weeks, I was able to collect data regarding the nature of students’ mathematical 

communication and the role it played in students’ conceptual understanding of 

mathematics. It became evident as I began to analyze my data that communication, both 

written and spoken, were essential to student learning in mathematics. I began my study 

by focusing on the written communication, but found that I also needed to focus on 

spoken communication in order to provide a clear understanding of students’ 

mathematical communication. The spoken communication between teacher and student
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and student and student was the other part of the puzzle that aided students’ learning and 

ultimately their understanding of mathematical concepts.

The following is an overview of mathematics instruction in a multiage classroom 

to provide an example of what math workshop looked like in this classroom.

An Overview: Mathematics Instruction in a Multiage Classroom 

The schedule for the students varied from day to day, but on Wednesdays and 

Fridays, math workshop, as it was called in this class, followed reading workshop. Mrs. 

Stevens tended to be the one to lead mathematics instruction, and Mr. Moss would assist 

the students individually or in groups. Quite often, the directions to move students from 

reading workshop into math workshop were very simple, and they always included the 

words, “Grab your math notebooks.” On this particular day of math workshop, Mrs. 

Stevens asked the students to grab their math notebooks and break into five groups, 

which they chose on their own. Mr. Moss sat at one of the tables of students for this 

lesson. The students were not put into groups by the teachers unless there was a specific 

reason to do so, which I did not see dining my classroom observations. The students had 

the freedom to choose their groups and their partners whenever groups or partners were 

necessary for various activities. The students tended to chose their groups by who their 

friends were; however, at times they were asked to think about who they were working 

with and if  this was a good group for them to accomplish their work. At this time I 

would see students chose other groups if they knew that they were not in a group that 

they felt would allow them to do their best work.
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Teacher math talk often came in the form o f a question to begin a mathematics 

lesson. Mrs. Stevens began the lesson by asking, “What is a multiple?” She followed her 

question by reminding the students that they had discussed multiplication and factors 

before and provided them the formula: factor x factor = product. This is an example of 

teacher math talk, where the teacher was connecting to a prior mathematics lessons to 

help the students move forward in their mathematical thinking. Mrs. Stevens then said, 

“Talk to the people at your table and discuss what you think a multiple is.” In the five 

groups, different answers could be heard as I walked around listening to the students 

discuss multiples. Some of the ideas I heard were “multiple o f 10;” “multiple cookies;”

“a number that is repeated over and over;” “multiple pads of sticky notes;” and “multiple 

means more than one.” The students were using math talk and discussing what they 

understood about multiples in their groups. Asking the students to discuss in their groups 

allowed for peer talk as a means of understanding a mathematical concept.

While the students engaged in their own conversations about the definition of the 

word multiple, Mrs. Stevens wrote on the Smartboard, “What is a multiple?” She then 

regained the students’ attention and asked, “What are multiples of 12?” Students began 

shouting out numbers such as 12, 24,48,60, and 72. She then posed a few more 

questions to get students thinking. For example, she asked, “Do you agree that 24 is a 

multiple of 12?” “Is 24 a multiple of 2,12, or 4?” “Is every number a multiple of 1?”

At this point in the lesson, Mrs. Stevens asked the students to put away their math 

notebooks, a basic direction that moved the lesson forward, and then she handed out a 

chart of numbers 1-100 with a place for a key at the bottom. Each group had a tub full of
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colored pencils in the center of their table for this activity. Students began putting their 

name and date on the chart as Mrs. Stevens projected the same sheet on the Smartboard. 

Mrs. Stevens told the students to make a color key for each time that they circled a 

multiple. Her directions for creating a key for each circled multiple were necessary for 

the students to complete the mathematics activity. For example, one student might have 

used the color orange to circle all the multiples of two while another used purple; as long 

as the students created a key for their own chart, it did not matter what color they used.

Mrs. Stevens told the students to start with the twos and showed them how to do 

this by circling multiples of two on the sheet projected on the Smartboard. She explained 

that multiples o f two are all even and stated that the students should soon see a pattern 

start to emerge. By telling the students that all twos are even, she was also instructing the 

students as they did their mathematics activity. She encouraged the students to take their 

time so they would not get ahead of themselves. As the students were finishing their 

twos, they waited on Mrs. Stevens to move onto circling the threes. Once they completed 

circling the twos and threes, Mrs. Stevens asked them to talk in their groups about their 

observations. She asked the students to use math talk in a small group setting to discuss 

their understanding of why certain patterns were occurring on their multiples chart.

The groups spent two to three minutes discussing what they noticed by circling 

the multiples o f two and three. Each group shared with the class something that they 

noticed. Students shared their thoughts, such as “It’s skip counting by that number;” “All 

of the multiples of two are even;” “The rows go straight down for the twos;” and “There 

is a diagonal for the threes.” Sharing of the math talk occurring in the small groups with
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the entire class facilitated further understanding of the concept of a multiple. Mrs. 

Stevens encouraged the students to continue at their own pace circling and creating a 

color code key for each of the multiples up to 10.

As students finished circling the multiples, they were to write about the patterns 

they noticed at the bottom of the page; if they ran out of room, they could write on the 

back. This math lesson included both spoken and written math talk by the students. In 

this study, the term written math talk refers to the students using writing to talk their 

thoughts onto the page. By processing their thoughts onto paper, the students conducted 

a written conversation with themselves. The teachers did not give feedback in the 

students’ notebooks because the students used their notebooks for their own thoughts and 

conceptual understandings in mathematics. The students would share some of their 

written math talk with each other at the beginning, during, or at the end of a math lesson 

if asked to do so by the teachers.

This overview of mathematics instruction in a multiage classroom illustrates all of 

the contexts (peer group work, directions, and activities) in which math talk occurred, 

including teacher and student talk as well as written math talk. In observing mathematics 

instruction and student learning in this classroom, I was able to collect and analyze data 

regarding the nature of students’ mathematical communication and the role it played in 

students’ conceptual understanding. At the beginning of the study, I noticed that writing 

to learn was only one part of a much bigger picture when it came to students’ learning in 

mathematics. The bigger picture was the concept of communication and its importance 

to student learning and conceptual understanding in the mathematics classroom.
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The following section provides an understanding of the contexts in which math 

talk occurred. Next is an explanation of the types of math talk used by the students and 

teachers in the classroom. The chapter continues with the insights into the importance of 

student communication in the mathematics classroom provided by the four case study 

participants. Finally, the chapter concludes with an explanation of an integrated model of 

the importance of math talk and the connections of the model to the research findings.

Contexts for Math Talk 

There were three main contexts for math talk in the multiage mathematics 

classroom of this study: teacher-given directions, math activities, and peer group work. 

Each of the three contexts provided a means for different types of math talk to occur and 

determined who provided the talking. For example, the teacher always provided 

directions, and depending on the complexity of the directions, students might have 

needed to ask questions for clarification. The method of grouping students for various 

mathematics activities or learning affected the type of math talk that occurred as well. At 

times, if the teacher asked students to work alone, their math talk might involve writing 

in their math notebooks, whereas if the students were working in groups or pairs, math 

talk was most likely oral. Mathematics activities, again depending on student grouping, 

might have required spoken math talk, written math talk, or a combination of both. 

However, in order to begin any mathematics lesson, the teacher gave students directions. 

Table 2 provides the contexts for math talk and the types of context.



Table 2

Contexts and Types o f  Contexts for Math Talk
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Contexts Types of Contexts

Teacher-Given Directions -Instructional 
-Procedural 
-Combination of Both

Mathematics Activities -Experiments Integrating Math and Science 
-Math Games 
-Problem Solving 
-Real-World Math

Peer Grouping Arrangements -Questioning
-Sharing
-Problem Solving 
-Brainstorming

Teacher-Given Directions

Directions given by the teachers were necessary for mathematics instruction, 

mathematics activities, and the basic proceedings of the mathematics classroom. The 

directions given were either procedural or instructional; however, at times there was a 

combination of both. The type of directions and the manner of the delivery of the 

directions were important in terms of the students’ abilities to follow the directions or ask 

for clarification if needed.

Procedural directions. In this study, I define procedural directions as directions 

that deal with basic mathematical procedures, such as turning to a specific page, getting 

supplies, or sequential steps on what to do for a lesson. These usually occurred at the 

beginning of a lesson or towards the end of a lesson. An example of a procedural 

direction implemented in this classroom was the requirement that students write
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questions that might interrupt instruction or be inappropriate at that particular time on a 

post-it note and place it aside for the teacher to address at another time. Another 

procedural direction directly related to mathematics was for students to turn their 

notebooks sideways when they wanted to hold place-value when working on equations. 

The teachers often wrote procedural directions on the Smartboard in numerical order to 

remind students of the order they needed to accomplish the directions related to a 

mathematics task. For example, after the students had come inside from doing a running 

activity, Mrs. Stevens wrote the following procedural directions on the Smartboard:

1. Write the date.

2. Write the times you got running.

3. Write a brief description of what we just did and anything else you want to 

write.

4. Title your page.

Procedural directions helped make clear for the students the manner or order in which to 

do their work. These directions differed from instructional directions, which dealt with 

preparing students for mathematics instruction.

Instructional directions. Instructional directions focused mostly on mathematics 

instruction or preparation of students for further instruction. The teachers stated, or wrote 

on the board, directions for the students to perform a task related to a current or previous 

mathematics lesson, concept, or task. For example, Mrs. Stevens told the students they 

would take the number of laps they rode on their bicycles on bike day and multiply it by 

1,324 to determine the total distance in feet each student traveled on his or her bike. She
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also told them to multiply their number of laps by 5,280 feet to determine the number of 

miles the students traveled. Another example of instructional direction occurred when 

Mrs. Stevens told the students to round their running time to the nearest second. Mrs. 

Stevens used Jalen’s time as an example and showed the class that his running time of 

7.112 seconds rounded to the nearest tenth of a second equaled 7.1 seconds. The students 

then had an example of how to round their own running times and were able to do this on 

their own.

Often, procedural and instructional directions occurred together in the 

mathematics classroom. For instance, when reviewing the lattice method of 

multiplication with the class, Mrs. Stevens asked the students to turn to a new page in the 

notes section of their math notebooks and then practice this method by choosing and 

working with their own numbers. In the math lesson that I described in the overview at 

the beginning of this chapter, there were many instances of procedural and instructional 

directions occurring together. When Mrs. Stevens asked the students to create a color 

key for each time they circled a multiple starting with their twos and then move onto 

threes, fours, and so on, she was requiring the students to follow both procedural and 

instructional directions. Mrs. Stevens also told the students that once they finished 

circling all the multiples, they were to write about the patterns they noticed at the bottom 

of their worksheets.

Whether procedural or instructional, teacher-given directions often prepared 

students for a mathematics activity. Mathematics activities usually required placing
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students with partners or in groups. Like teacher-given directions, both mathematics 

activities and peer group work were also contexts for math talk.

Mathematics Activities

It was during mathematics activities that most o f the student math talk occurred. 

These mathematics activities served two purposes: to explore a concept before actual 

mathematics instruction occurred or to expand upon or practice concepts previously 

learned. In this study, I define mathematics activities as the students doing something 

more involved than just solving an equation. These activities often required more 

physicality than just pencil-and-paper computation. Furthermore, the teacher usually 

asked students to reflect on the activity in their math notebooks following its conclusion.

One o f the mathematics activities, which lasted for three days, was an experiment 

that integrated the students’ multiplication knowledge with what they were learning in 

their science energy unit. Using pumpkins, the class developed their own experiment and 

decided they wanted to see how much potential energy each pumpkin held. The students 

started by determining how to weigh each of the three pumpkins. Mrs. Stevens asked, 

“How will we be able to figure out the weight of each pumpkin if you hold it while on the 

scale?”

Maria said, “Subtract the person’s weight, which means you’ll have to weigh the 

person by themselves first.”

After the students figured out how to find the weight of each pumpkin, they did so 

for each one. They found that the smallest pumpkin, which they named Filbert, weighed 

three pounds; George, the medium-sized pumpkin, weighed 17 pounds; and Billy Bob,
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the largest pumpkin, weighed 26 pounds. To connect their previous multiplication 

learning with their energy unit, the teacher asked the students to find the potential energy 

of each pumpkin, as well as predict what would happen to each pumpkin dropped off the 

balcony. The class then made their way to the ground under the balcony while Mr. Moss 

stayed at the top. All o f the students had their math notebooks with them so they could 

record their observations after the dropping of each pumpkin. This activity allowed the 

students to combine mathematics with a science experiment and watch the results of their 

work.

Another type of mathematics activity that the students participated in every week 

was Math Game Mondays. Due to the students’ schedule, Monday was the only day of 

the week that the fourth- and fifth- grade students were separated for math. Due to this 

separation, the teachers did not want to cover new content on Mondays; therefore, they 

created Math Game Monday. Students had complete freedom to choose whatever math 

game they wanted to play or any other math activity. On one of the days that I was there 

to observe Math Game Monday, I witnessed students playing and participating in a 

variety of games. Cara and Bria played a math game called Blokus®, in which each 

player was a different color with different sized shapes to place on a square board. The 

object of the game was to make the largest area of color and discard all one’s pieces first. 

Other students played darts, adding or multiplying different numbers for their scores. A 

few groups of girls used pattern blocks to create patterns, while one boy, Tony, sat at a 

table by himself drawing different sized triangles on grid paper. Mr. Moss sat with Tony 

for a short while, and they discussed ways that Tony might be able to find the area of
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these triangles. Other games that students might have played on Math Game Monday 

included Battleship®, chess, checkers, or even computer games.

Each of the math games required students to focus on a specific concept or skill. 

For example, students practiced coordinates in Battleship®, whereas a game like darts 

helped students practice addition or multiplication facts. Each student’s choice of game 

or activity provided clues to the teachers as to whether the student felt comfortable with 

that particular concept or skill or needed extra support in that area of mathematics. By 

seeing the types of games or activities the students chose during Math Game Monday as 

well as circulating through the room and sitting with the students as they played, the 

teachers could gage if the game the students were playing was to help them with a 

concept or a game where the students mastered the concept.

Peer Grouping Arrangements

Most of the mathematics activities that I observed were group activities or partner 

activities. Very rarely was a mathematics activity a solitary endeavor for the students.

The teachers did not put students into groups for math games or many of the other 

activities that occurred during math workshop. Throughout my entire time observing, I 

only saw the teachers place students in groups once, and this was because these students 

were all struggling with the same concept. When it came to students picking a partner or 

group for an activity, the teacher always suggested that the students pick other individuals 

who would be good working partners and not necessarily a best friend. Most of the 

mathematics activities that I observed were group activities or partner activities.
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An instance in which Mr. Moss asked students to work in groups was prior to the 

class experiment of dropping pumpkins from the balcony. Mr. Moss prompted students 

to think about the question, “How much energy (work) will happen when we drop the 

pumpkins off our deck?” Then he told the students to work in their groups and develop 

some of their own inquiry questions about dropping the pumpkins. One group came up 

with the following inquiry questions: (a) What would happen to the pumpkin?; (b) How 

much damage would occur?; (c) How fast was the pumpkin traveling?; and (d) What if 

the pumpkin was rotten? Each group created their own inquiry questions to answer once 

the experiment had taken place.

Partner work usually took place during mathematics instruction or math games 

and often involved informal teacher prompting, such as “Turn to someone next to you 

and share” either an idea about something they had been working on in class or a 

previous lesson or activity. For example, the day after a lesson where students drew 

pictures o f bicycles and labeled the locations of potential energy, Mrs. Stevens asked the 

students to turn to someone at their table, share their drawings, and show their favorite 

part of where they found energy. This task then led into another student activity in the 

math notebooks based on individual number of laps ridden during bike day.

Individual work occurred typically at the end of a lesson or activity in 

mathematics because this was usually when the teachers asked students to engage in 

some type of reflection in their math notebooks. This reflection time was always quiet, 

as most o f the mathematics lessons and activities were productively loud. These 

reflections, always completed in the reflection section of the students’ math notebooks,
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allowed students the freedom to write in a manner in which they found most comfortable. 

At times the prompts would be broad in nature, such as when Mrs. Stevens said, “Write 

about what you did today.” The prompts could also be narrow in focus; for example, at 

the completion of an entire mathematics lesson focused on learning the lattice method of 

multiplication, the teacher told the students to write one sentence about this method.

Peer groups are similar to the mathematics activities and teacher-given directions 

in that they are a context for the type of math talk that occurred in the classroom. The 

three contexts, while explained separately, worked together to create the context of the 

mathematics classroom and, in turn, the types of math talk that emerged. Math talk was 

not limited to students or teachers, for both groups utilized it, and the types of math talk 

articulated by students and teachers differed in content and focus.

Math Talk

In this study, I define math talk as spoken or written conversation between teacher 

and student, student and peer(s), or student with self in order to problem solve or aid 

understanding of mathematical concepts. I created this definition after thoroughly 

examining and analyzing my data and understanding where and how this math talk 

occurred. In this classroom, math talk transpired on many different levels, which is why I 

included teacher and student, student and peer(s), and student with self. I then 

determined why and how this math talk was actually occurring, which was for the 

purpose of problem solving or understanding mathematical concepts by using specific 

mathematical terms and vocabulary. I coded the instances of math talk using Halliday’s 

(2003) Seven Functions of Oral Language.
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The next sections provide a discussion about the findings o f instances of teacher 

math talk (instruction) to instances of student math talk. Following this, I provide 

specific examples of teacher math talk and student math talk as observed in this 

mathematics classroom. Finally, I examine how the findings and examples together 

provide information on the types and amount of math talk that occurred in the 

mathematics classroom, as well as who did the majority of this talking.

Math Talk and Halliday’s Seven Functions of Oral Language

I used Halliday’s (2003) Seven Functions of Oral Language to determine the 

types of talking, and who engaged in talking, in the mathematics classroom. Table 3 

displays the difference between the number of times the teachers and students used the 

seven functions of oral language during my period of classroom observation.

Table 3

Instances o f  Halliday’s Seven Functions o f Oral Language in Teacher and Student Math 

Talk

Halliday’s Functions Teachers Students

Instrumental 9 5

Personal 6 8

Interactional 3 15

Regulatory 34 0

Representational 34 41

Heuristic 65 5

Imaginative 2 1

Total 153 75
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The numbers in Table 3 represent the number of times the teachers and the students used 

each particular function. Because there were two teachers and 19 students, it is 

interesting to note that the teachers talked 153 different times, while the students talked 

about half that, only 75 times. This means that the two teachers were doing almost 

double the talking of the 19 students in the class on average.

This count is not completely accurate, however, because I was not able to capture 

all instances of student talk. There were many times when the students were in groups 

that I was unable to record in my field notes everything they said because I could not 

observe all the groups at one time. Most of the student talk noted in Table 3 came from 

when the class was working as a whole and not in separate groups. Table 3 provides 

insight into the types and amount of talking the teachers and students did when they were 

working together as a whole class.

The students talked more than the teachers did for personal, interactional, and 

representational talk. All three of these functions were close in number to each other, 

which were eight instances of personal talk by the students compared to six instances by 

the teachers, 15 instances of interactional talk by the students compared to three instances 

by the teachers, and 41 instances of representational talk by the students compared to 34 

instances by the teachers. The teachers outtalked the students in the functions of 

instrumental, regulatory, heuristic, and imaginative.

Both the teachers and the students had one function of language that dominated 

the other seven. Heuristic talk dominated the teachers’ language. As shown in Table 1, 

the definition of heuristic function is language used for seeking and learning about one’s
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environment or a way of finding out things (Halliday, 2003). The total number of times 

the teachers spoke was 153, and of those times, 65 were heuristic. An example of 

heuristic language was the question Mrs. Stevens asked the students, “How will we be 

able to figure out just the weight of the pumpkin?” She asked the students this because 

the students were going to have to weigh the pumpkin on a human scale, and she wanted 

the students to solve the problem of how to find the actual weight of the pumpkin. 

Another instance o f the heuristic function occurred when Mr. Moss asked the students to 

write about the distance/time formula and explain the feet/second units of measure. He 

asked the students, “What do you think about that?”

An examination of the data leads to a conclusion that the teachers used and valued 

questioning as a teaching technique for mathematics in this classroom. Later in this 

chapter, I discuss the types of questions the teachers used to promote thought in their 

students. The abundance of questions asked by the teachers throughout mathematics 

lessons helps explain why the students’ dominant function of language was 

representational.

The representational function of language is to use language in a way that 

explains or communicates ideas (Halliday, 2003). The total number of times the students 

spoke during my observation period was 75 times, and 41 of the times the students spoke 

were representational. Considering that the teachers were asking questions about half of 

the time they were talking in the mathematics classroom, it is not surprising that the 

student category that was equally abundant was representational, since it is the function 

of language used by the students to explain or communicate their ideas when answering
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teacher questions. This function was also a dominant category for the teachers. An 

example of the representational function for the teachers was when Mr. Moss wrote the 

formula velocity (speed) = distance/time on the Smartboard when teaching the students 

about velocity in relation to the rollercoaster the class built. The students used the 

representational function of language in response to Mr. Moss asking, “How far did the 

rollercoaster go?” The students all shouted, “11 feet!” While representational language 

was about half the total o f heuristic for the teachers at 34, it was one of the three main 

dominant categories for the teachers.

The moderate instances of the representational function by the teachers provide 

insight into the way the teachers conducted their mathematics classroom. If the 

classroom were more of a teacher-centered classroom, I would have expected the 

representational instances for the teachers to be much higher, as they would be the ones 

explaining and sharing their ideas about mathematical concepts without much input from 

the students. However, this is not how this classroom functioned, as the teachers asked 

many questions of the students to elicit the students’ responses to know where the 

students were in understanding the current concepts. From the number of questions 

posed by the teachers, it is logical to conclude that questioning by the teachers was an 

important means of interaction for learning in this classroom.

The students only posed five questions to the teachers’ 65, and these five 

questions were all the same type of question asking for some type of clarification. The 

difference in the number of questions asked by the teachers versus those asked by the 

students is a notable finding. It is not unusual that teachers would ask questions in order
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to prompt students’ responses, as this is a common sequence called Initiation, Response, 

Evaluation (IRE) used in classroom instruction. Looking at the data, the teachers used 

the heuristic function most often, and the types of questions they asked varied in type.

Later in the chapter, I explain the five types of questions the teachers used in 

classroom instruction. In this classroom, the teachers dominated the asking of questions, 

and the students seemed to be most comfortable with answering these questions, based on 

the instances of representational language by the students and the absence of generating 

and asking their own thought-provoking questions. In fact, the heuristic function was one 

of the lowest for the students.

The regulatory function of language generated the same number of instances as 

representational for the teachers. According to Halliday (2003), one uses the regulatory 

function of language to influence the behavior, feelings, or attitude of others as a means 

of controlling the situation. In a classroom environment, where the teachers are in 

charge, it is not surprising that this function would be a dominant function of the 

teachers. Table 3 reveals that the students did not have one instance of regulatory 

language, whereas the teachers had 34 instances. The controlling of the classroom 

situations came solely from the teachers. Even in situations where students experienced 

an interpersonal conflict, the students would solicit assistance from one of the teachers to 

rectify the problem. I witnessed this when Seth and Tony both wanted to sit in the same 

chair at a table and instead of resolving the conflict on their own, Seth went to Mr. Moss 

and asked him what to do. Mr. Moss suggested arm wrestling, and the two boys did.

When Tony won, Seth left the area and sulked, but the conflict ended. I never witnessed
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students using regulatory language in the mathematics classroom, which was interesting 

considering the amount of partner and peer group work the students did in class. As I 

mentioned earlier, it was difficult to collect data on all the peer group work in which the 

students participated, and this could be one of the reasons I did not witness any regulatory 

language from the students. Other reasons may be due to the level of respect shown in 

the classroom by the teachers and the students and the fact that I never witnessed any of 

the students trying to control each other..

Even though the students did not use regulatory language, they did use the 

interactional function of oral language as part of their partner and peer group work. The 

interactional function was the second highest function for the students (15 times), while it 

was second lowest for the teachers (three times). Considering the amount of partner and 

peer group work the students participated in, I expected the number of interactional 

instances to be much higher among the students. In looking at the total number of times 

the students spoke, 15 out of the 75 times were interactional, and when added to the 41 

times of representational, those categories together make up the majority of student talk. 

Interactional and representational were the dominant categories for the students because 

responding to teacher questioning and partner/group activities were the main ways that 

teaching and learning occurred in this math classroom.

The instrumental function of oral language was rather uncommon for both the 

teachers and the students. The teachers had nine instances, and the students had only five 

instances. The purpose of the instrumental function of oral language is to communicate 

and satisfy one’s preferences, choices, wants, or needs (Halliday, 2003). Teachers
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appeared to use the instrumental function to gauge the overall climate of the classroom. 

For example, Mrs. Stevens asked the students if anyone wanted to learn the standard 

algorithm for multiplication, and a few students raised their hands. This was not spoken 

math talk, but a physical gesture, which allowed Mrs. Stevens to see which student’s 

desires she would meet by teaching the standard algorithm. The students’ use of 

instrumental language communicated these preferences, choices, wants, or needs. For 

instance, the students decided as a class that they wanted to go outside during a math 

lesson to measure the distance from the balcony to the ground to determine its height.

The personal function of oral language was nearly equal between the teachers and 

the students. The teachers had six instances and the students had eight. Use of the 

personal function of oral language is to express one’s individuality (Halliday, 2003). 

When allowed to write reflections on their math work, the students’ personal function of 

language instances increased dramatically. I did not code their writing to see exactly how 

many instances of personal functions occurred, but because the students were encouraged 

to write in any manner in which they chose and about whatever they wanted to, these 

reflections tended to be very personal in nature, whereas the students appeared more 

reserved verbally when it came to the personal function. For example, Jalen did not 

censor his thoughts when it came to writing about his dislike for partial products. Jalen 

wrote the following:

I do not like partial products because it is confusing and hard for me everytime 

even when I know how to do it. Multipliing horizontally and then adding that 

way is really hard and confuesing and frusterating because I always get things



100

wrong and I just don’t like it and I just like doing my way because it is easyier 

and much better for me instead of doing partial products. I can only do it with 

really nothing not even single digits really no digits at all I just like my way the 

best.

It is not surprising that when students had the freedom to write down their thoughts 

without fear of judgment by other students, and they are actually encouraged to write 

whatever they are feeling, they would be much more forthcoming with their personal use 

of language.

The least utilized function by both the teachers and the students was the 

imaginative function. The main purposes of the imaginative function of language are to 

create, explore, and entertain (Halliday, 2003). Mathematics is seldom perceived as a 

class where creativity and imagination are used frequently, so it did not come as a 

surprise that this function was only used twice by the teachers and once by the students. 

The imaginative function occurred when posing problems to solve. For example, the 

teachers asked the students to “pretend” they were having a dinner party and then asked 

the students to solve problems based around this imagined scenario. They teachers also 

asked the students to think about what would happen when they dropped the pumpkin off 

the balcony.

Halliday’s (2003) functions of oral language provided a way to categorize what 

types of talk were occurring in this mathematics classroom, as well as who was doing 

most of this talking. The results of the data revealed that the teachers posed a strong 

emphasis on asking questions, and the students had the most instances of the



101

representational function, as they were most often answering the questions the teachers 

posed. The following section demonstrates that the outcome of the questions asked by 

the teachers was to provoke thought in the students.

Teacher Math Talk: Questions to Provoke Thought

As evidenced by the amount of times (65) the teachers used the heuristic function 

of oral language, questioning was one of the ways to foster communication in this 

mathematics class. The teachers asked many different types of questions to gain 

feedback about student understanding of mathematical concepts. I labeled these 

questions as questions to provoke thought and defined these as beyond just following 

directions. The five types of questions asked by the teachers were preparatory questions, 

problem-posing questions, connection questions, reflection questions, and clarifying 

questions.

Preparatory questions. The type of question that most often encouraged students’ 

use of math talk was the preparatory question, or questions that asked students to access 

their prior knowledge for understanding new mathematical concepts in order to prepare 

them to learn new concepts. To answer preparatory questions, students used mostly 

recall rather than responses requiring pencil-to-paper computation for these questions, 

which the teacher asked primarily before or during the mathematics lesson. Sometimes 

preparatory questions addressed the class as a whole; other times the teacher wrote them 

on the Smartboard as a way to engage each student’s individual thoughts.

At the beginning o f their mathematics unit on multiplication, Mrs. Stevens asked 

the students to go to their reflection section in their math notebooks and find the list of
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what they thought they knew about multiplication, recorded the previous day. She asked 

the students to raise their hands and share some of their reflections aloud. Students 

offered the examples of “lattice,” “partial product,” “repeated addition,” “symbols,” and 

“zero property.” After the class generated these ideas aloud, Mrs. Stevens then wrote a 

question on the Smartboard for the students to answer in their math notebooks. The 

question she wrote was, “What do we want to leam/practice more about in 

multiplication?” After writing this, she instructed the students to turn to the page 

following their “What do you think you know?” page and make a list of what they 

wanted to learn or practice more about multiplication. Mrs. Stevens gave students time to 

write down their lists and then asked them to share what they wanted to learn more about 

from their list with a person sitting near them. After sharing with a partner, the students 

came together as a class and created a comprehensive list of what they wanted to learn 

more about multiplication. The teacher recorded the list generated as a class on chart 

paper to hang on the wall as a reference chart for the students to refer to as they learned 

multiplication. The students suggested the following nine ideas that they wanted to learn 

about multiplication: (a) multiplying large calculations, (b) methods of multiplication, (c) 

strategies to attack and solve, (d) negative numbers, (e) exponents, (f) ways to 

show/model, (g) properties of multiplication, (h) real-world math with multiplication, and 

(i) finding joy in multiplication. The students generated each one of these ideas, which 

guided mathematics instruction for the entire unit on multiplication, without input from 

the teachers. By creating this list as a class, the students were taking ownership of their
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learning. They were deciding which concepts were most important to them, and the 

teachers planned lessons to teach these concepts.

The concept of finding joy in multiplication was different from all of the other 

concepts the students wanted to learn about in their multiplication unit. When the 

students created this concept, they seemed concerned that multiplication would not be fun 

and they would not enjoy it in the way they had been learning about other mathematical 

concepts. Because this was a fourth-and-fifth grade combined class, this was the first 

time some of these students were learning about multiplication, so finding the joy in 

multiplication was just as important to them as the other concepts on their list.

Not only did preparatory questions elicit student math talk, but student math talk 

also influenced what preparatory questions the teacher asked. In a discussion about 

creating a class definition of prime and composite numbers, Nadia said a prime number is 

“a number with only two factors: one and itself.” After Nadia shared her definition of a 

prime number with the class, students began shouting out different examples of prime 

numbers such as 1,23, 5, 3, and 17. This student math talk led Mrs. Stevens to ask,

“What do we know about numbers that end in two or are even numbers?” This question 

elicited the response, “It will always be divisible by two.” She then asked for a definition 

of a composite number, and Nadia said, “It is a number with more than two factors.”

Once the class discussed both definitions, and the students possessed an understanding of 

the difference between prime and composite numbers, Mrs. Stevens focused on the word 

“factor” from both definitions and asked, “What is a factor?” She told the students to talk 

in their small groups and generate some ideas for the definition of a factor. Student math
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talk was necessary in order to come up with a class definition of the word factor.

Students shared various definitions aloud and derived the definition of a factor as “two 

numbers that when multiplied make or create a product.” This definition was a 

combination of various definitions shared and discussed in small groups first and then 

together as a class.

As mentioned in the definition of preparatory questions, these questions were to 

prepare students for learning by prompting activation of prior knowledge, and the 

answers given by the students were mostly recall. Building on preparatory questions and 

student math talk, the teachers would ask more in-depth questions requiring more than 

just simple recall or basic computation. I labeled these questions as problem-posing 

questions.

Problem-posing questions. Problem-posing questions required more thought than 

the simple recall asked for in preparatory questions and involved computation at times.

To answer these questions students needed to build upon their prior mathematical 

knowledge, often using multiple steps to solve the problems and construct a response.

The teacher usually asked the problem-posing questions after giving specific 

mathematical instruction or asking and discussing preparatory questions.

In a lesson where the students had been working on an integrated mathematics 

and science inquiry project, the students were looking at how much work it would take to 

lift a person 16 feet from the ground to the balcony. The students were familiar with the 

formula for energy because that was the focus of their science unit, and Mrs. Stevens had 

written the formula (work = force x distance) on the Smartboard as a reference for the
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students. The original inquiry question, asked previously, was “How much work would it 

take to lift a 12 pound bowling ball?” To expand on this question, the students came up 

with the idea of lifting people. The question posed to the students to solve in their own 

math notebooks was “How much work would it take to lift them up to the balcony?” The 

students were to work on this problem and two others written on the Smartboard. The 

teacher posed these problems to get students to expand upon their prior knowledge of the 

formula for energy. Mrs. Stevens wrote three problems for the students to solve on the 

Smartboard:

1. W= your weight x 16 ft.

2. W= 16 pound bowling ball x 16 ft.

3. W= 2,458 pound car x 16 ft.

She told the students that they could use any method of multiplication they wanted in 

order to solve the problems. During this time, students were working in their math 

notebooks on the three different problems, but they were also discussing the problems 

with each other at their tables. An assumption I observed was that in this classroom 

talking during problem solving was encouraged among students unless specifically told 

to work independently.

After the students had time to problem solve on their own, Mrs. Stevens asked the 

class to work the first problem together on the Smartboard. She asked Roger how much 

he weighed, and he said 58 pounds. Mrs. Stevens wrote this on the Smartboard, and as a 

class, they determined how much work it would take to lift Roger 16 feet off the ground. 

Mrs. Stevens chose the partial products method to solve the problem. After the students
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completed their own work in their math notebooks, discussed the problems with their 

peers, and worked the first of the three problems together as a class, Mrs. Stevens asked 

the students to turn to their reflection section in their math notebooks and write about 

what they did during math. It was common practice in this classroom for students to 

reflect on some aspect of mathematical learning after almost every math lesson. Students 

were to be quiet during this time and allowed to write their reflections in any manner that 

suited them. Some students wrote in paragraphs, other made lists, others created a 

combination of the two, and some drew pictures or sketches to illustrate their writing.

Sometimes the problem-posing questions were not as concrete as using a formula 

to derive a specific answer. These questions at times were more abstract in nature, 

requiring the students to draw on prior knowledge while also challenging their thinking.

In a follow-up lesson to creating multiplication fact families, Mr. Moss requested that the 

students take what they had done the day before and expand upon it. Mr. Moss said, 

“When you got the blocks out yesterday and used the number 24, you had six blocks and 

four blocks to create a fact family triangle, but what kind of picture could you draw for a 

block representation of the number 24?” Students’ hands shot up in the air, and Mr.

Moss asked Seth to draw his representation on the Smartboard. Seth drew an array 

showing two rows of 12. Mr. Moss said that this was one way to represent 24 using an 

array and then asked the students to work together at their tables in groups to come up 

with as many other possible arrays for 24 as they could. Following this group work, Mr. 

Moss asked the students to share different possibilities with the class. Students suggested 

four rows of six, eight rows of three, 12 rows of two, and one row of 24. Mr. Moss then
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asked students to elaborate on their pictorial representations by writing the fact families 

that corresponded to their arrays. Once all the students had completed the activity for the 

number 24, Mr. Moss asked them to continue creating arrays and fact families for other 

numbers written on the board. Another type of question utilized to elicit student math 

talk was the connection question, which, like the preparatory and problem-posing 

questions, required students to access their prior knowledge to derive answers.

Connection questions. Connection questions ask students to connect, compare, 

and explain mathematical concepts using previously learned concepts (from mathematics 

or other subjects), either orally or in writing. These questions, most often asked by the 

teachers, but at times posed by the students, also asked students to examine two or more 

mathematical concepts in relationship to each other. One of the ways the teachers used 

connection questions was when moving from one mathematical concept to another in an 

attempt to prompt the students to find a relationship between the two concepts. For 

example, Mrs. Stevens used a connection question to induce the students to think about 

the relationship between multiplication and division.

One of the connection questions that Mrs. Stevens asked the class at the beginning 

of moving from multiplication to division was “How can we connect multiplication to 

division?” Bella answered, “Division is the opposite of multiplication.” Mrs. Stevens 

asked for another way to say this using “math words.” Jason answered by saying,

“inverse operation” and expanded upon his answer by explaining, “Multiplication and 

division undo each other like addition and subtraction.” Jason’s explanation of 

multiplication and division undoing each other demonstrated he had an understanding of
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inverse operation and the relationship between multiplication and division as well as 

addition and subtraction.

As mentioned earlier, the teachers were not always the ones to pose connection 

questions. Students asked connection questions as well. In a class discussion about 

prime and composite numbers, Melanie said she had forgotten the difference between 

prime and composite numbers and needed help differentiating between the two. Mrs. 

Stevens encouraged the students to take this time to talk in their groups and use their 

notes from their math notebooks to derive a definition of prime and composite numbers, 

which led to a class definition of prime and composite numbers.

The teachers also asked connection questions in reference to previously taught 

mathematics concepts applied to the science unit on energy. The students decided to 

design their own experiment to determine how much work it would take to throw an 

object off the balcony, and they had worked with this concept in earlier math lessons.

Mrs. Stevens asked, “How does this relate to the math with the pumpkins from earlier?” 

Mrs. Stevens made a link to a math activity the students had done previously to 

encourage them to connect the ideas to their energy unit and explore methods to 

determine the amount of energy with which the object would hit the ground.

Even though the connection questions were not necessarily preparatory questions, 

they did occur often at the beginning of a lesson, much like the preparatory questions.

The problem-posing questions would usually come after the teacher asked the 

preparatory questions, and then the teacher would use problem-posing questions to 

expand on the students’ prior knowledge by either adding onto a previously learned
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mathematical concept or to explore new mathematical concepts. The types of questions 

requiring student math talk towards the end of a mathematics lesson were reflection 

questions.

Reflection questions. In this study, reflection questions most often came at the 

end of a lesson in which the students were to write in their math notebooks an answer to a 

question posed by the teacher. The questions focused on students’ thoughts and did not 

require computation or problem solving. The computation and problem solving already 

occurred during the mathematics lesson, and the teacher posed these reflection questions 

to get the students to think on paper about concepts they had learned or to process the 

mathematics lesson for that day. Sometimes the questions were broad in scope, such as 

“Write about what you did today during math.” Other times the reflection might have 

been limited to a single sentence, as when the teacher told the students to write “one 

sentence under their work about lattice method.” These questions were open-ended 

enough that the students could write in any manner they chose.

At times, the teachers tailored reflection questions to a particular student if the 

teachers had been working one-on-one with that student. For instance, Mrs. Stevens was 

working with Cara on the lattice method while other students were working individually 

at their tables. Cara was unsure of lattice method, and she wanted some extra help. After 

Cara and Mrs. Stevens worked for a time together reviewing the lattice method, Mrs. 

Stevens asked Cara to go back to her math notebook and write a reflection on which 

method she liked best and why. Mrs. Stevens did not ask all students to complete this
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particular reflection, but she appeared to want Cara to take the time to think about which 

multiplication method worked best for her.

The teachers encouraged the students to write whatever they were thinking at the 

time in their reflections and assured the students that anything they wrote was acceptable. 

Mr. Moss and Mrs. Stevens would say, “Write what you think. You can’t do this wrong; 

it’s your thoughts. You’re thinking on the page.” They would also encourage students to 

write down where they were uncomfortable in their math journeys. In one instance, Mr. 

Moss said, “Wherever you are in your math journey, that’s okay. Just say how you are 

feeling. Do the best you can. Write down if you’re uncomfortable, but you need to write 

something.” The only rule about reflection questions was that everyone must write 

something.

In his reflection about the activity with positive and negative numbers the class 

performed outside, Jalen wrote the following:

First we (me and Cam) made a number line with positive and negative. We found 

out that if you subtract a negative number with a positive, you get a positive. I 

liked doing it because it was outside, and another thing is, it is a great way of 

learning instead of a teacher telling you to do a worksheet or showing you, and 

you don’t get to write anything down. It was fun doing it because we were 

working with a partner, and I like working with a partner and listening to their 

ideas.

Jalen expressed many different ideas in his reflection about the positive and negative 

number activity, and he did so in a way that made sense to him. The teachers did not tell
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him how to write down his thoughts in his reflection beyond, “Write about what you did 

outside in math today.”

Stacy also reflected on the positive and negative number activity in her math 

journal and wrote the following:

First I made a number line. Positive was white and negative was purple. We went 

to 25 on each side. I figured out each was a pattern and a fact family in each 

problem. I think negative numbers are called that because you have to subtract to 

get one and there is a subtraction sign before the number. Some problems are 

hard like 2 5 - 5  but I found a way to make it more simple. For example, -4+ 16  

=12 but you can do 1 6 -4  and get your answer. See that? There is also all even 

#s and that is a fact family. 4 + 12 = 1 6 ,1 6 -4  =12,16 -  12 = 4, and 12 + 4 = 16. 

That is a very simple way to figure it out.

Like Jalen, Stacy expressed many different ideas in her reflection on this particular 

lesson. From the students’ written math talk, the teachers could see the level at which 

both Jalen and Stacy understood the concept of positive and negative numbers, as well as 

any other ideas expressed in relation to this activity. Jalen talked about how he felt about 

the activity and working with a partner, while Stacy kept her reflection focused on the 

particulars of the lesson and her understanding of the mathematical concepts. Another 

way that the students were able to provide important feedback to their teachers was by 

asking clarifying questions.

Clarifying questions. Teachers’ clarifying questions sought to determine whether 

students felt comfortable with the mathematical concepts. Clarifying questions usually
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followed the provision of teacher directions to the students. An example o f a teacher 

asking a clarifying question is when Mrs. Stevens asked a student to repeat the directions 

she had just given the class in his own words. She was listening to see whether the 

student understood the given directions by ensuring he could interpret the directions and 

then explain them in his own words. The most common type of clarifying question asked 

by the teachers occurred when looking for a simple response, such as a show of hands or 

thumbs up, to see if  the class as a whole understood a particular question or concept. For 

example, Mrs. Stevens asked the students to show “a thumbs up” if they understood how 

to do a problem after she demonstrated how to solve that particular problem in three 

different ways.

The clarifying questions were the only questions posed more often by the students 

than the teachers. A discussion of students’ clarifying questions occurs later in this 

chapter in the section of student math talk. Students posed these questions most often 

when looking for a clearer understanding of what the teachers had asked of them or of a 

particular concept.

Teacher Math Talk: Mathematics Instruction

Teacher math talk happened during mathematics instruction and during 

preparatory and problem-solving questions. Mathematics instructional talk occurred 

when the teacher showed or told students about a mathematical concept by elaborating on 

previously learned concepts, connecting new concepts with familiar math concepts, or 

providing examples of math concepts. The teacher was the main provider of mathematics 

instruction; however, students might have suggested an idea that needed clarification or
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elaboration by the teacher. The mathematics instruction was explicit or implicit 

depending on the content. The teacher provided mathematics instruction in a variety o f 

forms, allowing students to learn mathematical concepts in many different ways.

The most common form of mathematics instruction was direct instruction, in 

which the teacher was at the front of the room, often using the Smartboard to guide 

instruction. One of the ways the teacher utilized the Smartboard was to show students 

various ways to solve computation problems. During the multiplication unit, Mrs.

Stevens taught students three different methods for solving multiplication problems: 

lattice, partial product, and standard algorithm. In order to show students how these 

methods would arrive at the same answer, Mrs. Stevens did the same multiplication 

problem using the three different methods side by side. This demonstration appeared 

helpful for those students who did not feel ready to move on to the standard method of 

multiplication.

After directing the class to practice all three methods, Mrs. Stevens announced 

that any student uncomfortable with any of the methods could go to a small table at the 

side of the room, and she would help those who wanted practice working on the lattice 

method. By allowing the students to explore all three methods on their own, the teachers 

were giving the students freedom to find the method they understood best. Additionally, 

by saying that she would help those students who wanted help with the lattice method, 

she was letting the students decide for themselves whether this was a concept they needed 

to work on, while encouraging the students to take ownership of their own learning.
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Mrs. Stevens took dry-erase markers and had the three girls who came for help sit 

with her at the table. Using the table as a whiteboard, Mrs. Stevens wrote a 

multiplication problem on the table and provided step-by-step instruction of the lattice 

method. Two of the girls seemed to catch on quickly, and they were soon able to practice 

the lattice method on their own using the problem 25 x 31. However, one girl did not 

understand how to use the lattice method, so Mrs. Stevens took her through the process 

again, and together she and the student made a list of the steps needed to use the lattice 

method. This list was something that the student could then refer to when faced with 

using the lattice method in multiplication later in the unit of instruction.

Mathematics instruction also required the students take a more active role at times 

instead of merely sitting, listening, and taking notes while the teachers taught in front of 

the class. In a lesson about multiplication and why switching factors around would still 

allow for the same answer, Mrs. Stevens called five students to come up and get an index 

card that had either a 5, 3, x, =, or 15 on it. She asked these students to arrange 

themselves and create a correct number sentence. The students moved themselves 

around and displayed 5 x 3 = 15 to the class. Mrs. Stevens then had the students who 

were holding the 5 and the 3 switch spots, and she asked the class if this was still a 

correct number sentence, and if it was, what made this possible? The instructive talk in 

this particular lesson came from the students’ manipulation of the numbers and 

mathematical signs, and then Mrs. Stevens asking if the original number sentence and the 

new number sentence were able to both be correct. This demonstration led to the
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students using written math talk in their math notebooks about why it was possible to 

switch factors around and still get the same answer when using multiplication.

Mathematic instruction was not always about solving problems and learning new 

concepts. In fact, during a group lesson where Mrs. Stevens was working an example of 

partial product on the board, she made a computation error. Instead of just correcting her 

error and not acknowledging it, Mrs. Stevens used this as an opportunity to show the 

students that errors do occur in mathematics. She told the students to always check their 

work and ask themselves, “Does my number make sense?” Mrs. Stevens also mentioned 

to the students, “It’s exciting when you are checking your work with a group, and there is 

a discrepancy, because you guys get to discuss it and figure it out together.” Lessons 

about noticing and correcting errors in mathematics were not as frequent as the lessons 

where students were learning mathematical concepts, but they did occur.

Another lesson that was similar in nature to the computation error Mrs. Stevens 

taught was Mr. Moss’s explanation of the different reasons for homework. He started by 

saying how thrilled he was that so many students had completed their homework (which 

was not a requirement and did not receive a grade) and then related the true purpose of 

homework. Mr. Moss said that teachers assigned homework for two reasons. First, 

homework was to help students practice concepts or help them with “automaticity” (such 

as addition or multiplication facts). Second, homework was to see whether students 

could take something they had learned in school, bring it home, and do it on their own.

Mr. Moss said, “Homework is a good way to see where you’re getting confused, and you 

can write down any questions you might have right on your homework.” If students
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brought their homework the next day and had questions, it would be much easier for the 

teachers to address these questions as a whole class or one-on-one, depending on the 

number of students who might have the same question. Asking preparatory, problem

solving, reflection, connection, and clarifying questions to gain student input led to math 

talk, either spoken or written.

Student Math Talk

In the beginning of the mathematics lessons, the teachers would often ask 

preparatory questions to get the students to use math talk. In one lesson, after the 

teachers asked the preparatory question, “What did we talk about yesterday,” the students 

started listing different ideas using specific math terminology and vocabulary. One of the 

students said, “Partial product,” followed by “Sometimes you need to go back and 

practice because you can get confused doing your own math thinking.” Mrs. Stevens 

added that students needed to use the method they understood best, but it would be a 

good idea to practice all three methods of multiplication.

Math talk often occurred between students, in pairs or groups, during mathematics 

lessons. It was common to hear Mrs. Stevens or Mr. Moss state something like, “Turn to 

the person next to you and share something you learned,” or “Discuss your problems 

together in your group.” One example o f paired math talk happened as Mrs. Stevens 

worked with three students who needed help with lattice method. Two of the girls were 

working on the problem 25x31 and discussing how to attack solving it together. As she 

started to draw 25 circles with 31 dots each, Cara said to Maria, “This would be way too 

time-consuming; we need to find another way.” Maria said she liked the standard



117

algorithm best, and the girls decided to try working the problem together using the 

standard algorithm. Student math talk also came in the form of clarifying questions.

Clarifying questions. When students asked clarifying questions, they were most 

often about previously taught concepts. For instance, after a lesson focusing on lattice 

method and partial product, Stacy was still confused about partial product. She raised her 

hand and specifically asked for help with this method.

Sometimes the students’ clarifying questions were not concept related, but 

focused more on understanding directions. In a warm-up activity, Mrs. Stevens wrote 

12/5/2014 on the board and asked the students to make up a problem using these 

numbers. Tony asked, “Can you break up the numbers into like 1 and 2?” Mrs. Stevens 

told him that the numbers needed to stay in their original form of 12, 5, and 2014.

Another example of asking for clarification of directions came from Seth after 

Mr. Moss told the students to write about “Why do you think we play math games?” 

Following the directions, Seth immediately asked, “If you’re done, can you get a game?” 

All of these clarifying questions, whether they focused on mathematical concepts or 

attempted to clarify directions, led to a teacher response. Student math talk also occurred 

during class discussions.

Class discussions. Teacher instructive talk or questioning prompted class 

discussions and involved the students using math talk as well. For example, when the 

class was discussing different methods of multiplication, Mrs. Stevens asked if anyone 

knew what the word “binomial” meant. Nadia said, “A bicycle has two wheels. Bi means 

two. Binomial means two numbers.” Nadia connected her own experiences of riding a
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bicycle with two wheels and translated this into what she understood about the word bi 

and how that connected with numbers.

Another example of students using math talk during class discussion occurred 

when the teacher told them to make a list of concepts that needed to be included in a 

definition of multiplication. The students shared their various thoughts aloud to create a 

list of concepts that needed to be included in the definition of multiplication, which were 

“repeated addition,” “inverse of division,” “groups of,” “it’s a process,” and “factor x 

factor = product.” Creating this list as a class, the students were recalling various 

mathematical terms and ideas that they knew to be true about multiplication in order to 

create a cumulative class definition of multiplication. Teacher questions often prompted 

classroom discussions, but the students’ responses and math talk guided the discussion 

content. These larger classroom discussions often turned into peer group discussions.

Peer group discussions. Peer group discussions usually occurred after a larger 

class discussion or before a class discussion following student sharing of ideas in a 

smaller group. It was common practice to have the students begin a lesson by turning to 

someone near them and share something about a previous lesson, something they wanted 

to learn more about, or something they liked most about a particular activity. For 

example, when the students were getting ready to conduct their pumpkin-dropping 

experiment, Mr. Moss told the students to work in their groups to create inquiry questions 

about dropping the pumpkins. One of the groups developed the following questions:

•  What would happen to the pumpkin?

•  How much damage would there be?
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• How fast was the pumpkin traveling?

•  What would happen if the pumpkin were rotten?

The group talked together and heard each other’s thoughts before coming up with these 

questions.

Sometimes the peer discussions were not as in depth as developing inquiry 

questions. As I mentioned, peer discussions often resulted when the teacher asked 

students to share something about a previous lesson. For example, Mrs. Stevens told the 

students, “Open to your bike picture from yesterday, turn to someone near you, and tell 

them your favorite part o f the picture where you found energy.” This statement prompted 

the students to use their mathematical and scientific terminology in their explanations of 

the sources o f energy. Another example of this discussion occurred when Mrs. Stevens 

asked the students, “What are some of the ways we organized numbers before the break? 

Talk for 30 seconds to your neighbor.” Listening to different peer groups, I heard the 

students sharing various mathematical terms for how they organized numbers: “fact 

families,” “multiples,” “patterns in multiples,” “expanded form,” “standard form,” “word 

form,” “factoring,” and “prime factorization.” Talking with partners or in peer groups 

was one way to get students to use math talk; however, the students also used math talk 

when writing.

Written math talk. Students were often encouraged to use spoken and written 

math talk. In explaining an activity on how much energy it would take to pull a bowling 

ball up the balcony, Cara wrote the following:
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We found out how much energy it took to pull the bowling ball up 16 feet. We 

used the formula work equals force time distance (force is weight and distance is 

well, the distance). Then we did the problem with our own weight and how much 

energy it would take if we were pulled up 16 feet. First I solved the problem with 

partial products. I got 880. That was the right answer but I don’t normally get the 

right answer when I do it that way. So I did it the standard way and carried 

wrong. So I checked it with division. Then I redid it and realized my mistake and 

did it again and got it correct.

In this piece of writing, Cara used math terminology and vocabulary she had previously 

learned and talked her experience onto the paper. Furthermore, her personal thoughts 

about her process accompanied her math talk. This is consistent with the fact that the 

teachers allowed students to write in any manner they chose when reflecting on their 

mathematics learning.

In a different reflection, the teachers asked the students to write about “How do I 

divide in my life?” Nadia referred to various math concepts she had previously learned 

and wrote the following:

• Well I divide in math in school classes and when we do math and division.

• I also can divide time like within a year like it has well it starts out like this =

1 year goes into 365 days that equals 12 months which has 52 weeks and 7 

days in each week so . . .

•  We divide money like a one dollar bill could be made or build up in many 

ways like this 1 dollar goes into 4 quarters, 10 dimes, 20 nickels, 100 pennies,
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1 dollar coin or with many a variety 2 quarters, 2 dimes, 1 nickel and 25 

pennies equal up to $1.00 with a variety of coins.

Nadia demonstrated her understanding of division as making larger numbers into smaller 

equal parts and showed this through her examples and use of written math talk.

The next section presents the use of written communication more thoroughly in reference 

to the findings of my four case studies.

Case Studies

The case studies involved four students in a multiage class of 19. As related in 

Chapter 3, participant selection derived from readable writing samples and a discussion 

with both Mr. Moss and Mrs. Stevens as to which students would be willing to discuss 

their written work. Of the four students, three were fifth-graders, and one was a fourth- 

grader. In instances of using the participants’ writing samples as examples, their 

reproduction is exactly as written by the participants.

Cara, a White, 11-year-old girl, was in fifth grade. She was a quiet student in 

class, but she always wrote at length when writing in mathematics. Jalen, a Black, 11- 

year-old boy, was a fifth-grade student who was very talkative in class, and, like Cara, 

wrote quite a bit in his math notebook. Nadia, an Asian, 12-year-old girl, was also a 

talkative fifth grader, and she had a psychological plan for difficulty with written 

expression. She went to a support teacher twice a week for 30 minutes, and her support 

teacher came to the classroom once a week for 45 minutes. I never witnessed the support 

person helping Nadia in the classroom because her support teacher only came during 

writing workshop. Due to Nadia’s problems with written expression, her writing lacked
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the clarity exhibited by the other students. The fourth student was Stacy, a White, 10- 

year-old, fourth-grade girl. Stacy was extremely talkative, and she did not write as 

extensively in her math notebook as the other participants did. Table 4 provides a 

summary of the information on the four case study participants.

Table 4

Case Study Students

Student Name/ 
Gender

Age Race Grade
Level

Characteristics

Cara/ Girl 11 years old White 5th -Not very talkative in class 
-Preferred to work alone 
-Wrote a lot in her math 
notebook
-Did not often raise her hand

Jalen/Boy 11 years old Black 5th -Very talkative in class 
-Worked well alone and in 
groups
-Wrote a lot in his math 
notebook
-Raised his hand often

Nadia/Girl 12 years old Asian 5th -Talkative at times 
-Worked well alone and in 
groups
-Wrote a lot in her math 
notebook
-Raised her hand often 
*Had a psychological plan 
for difficulty with writing 
(met with a support teacher 
30 minutes twice a week 
outside of class and 45 
minutes once a week in class)

Stacy/Girl 10 years old White 4th -Very talkative in class 
-Worked well alone and in 
groups
-Wrote little in her math 
notebook
-Raised her hand often
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Each participant in the case study approached spoken and written communication 

in mathematics differently. In reading and analyzing the participants’ writing samples 

and interviewing the participants, I was able to examine how each used written and 

spoken communication to aid their conceptual understanding in mathematics. This 

section of the chapter presents the findings of these case studies, based on my reading and 

analyses of the participants’ writing samples. I discuss each participant separately and 

end the chapter with a summary of the findings.

Cara: The Quiet One

When I began observing in Mr. Moss and Mrs. Steven’s classroom, I noticed Cara 

for her quiet and calm demeanor. She was one of those students who always appeared to 

be doing her own thing. When working in class, she liked to work mostly by herself, and 

she liked it to be quiet. When the class around her was too noisy, she would utilize the 

noise-canceling headphones available to all the students whenever they needed to use 

them. Cara was a determined worker and was not shy about asking for help if she needed 

it, either from the teachers or a peer.

From her quiet demeanor during mathematics instruction, I was unsure if Cara 

was uncomfortable about the content being presented or if this was how she was in all of 

her content area classes. Through repeated observations, I noticed she was quietest 

during mathematics instruction and more talkative in other content areas, such as writing 

and science. I experienced some anxiety that Cara’s quiet and somewhat shy demeanor 

in the classroom might pose potential difficulties to her role as a case study participant 

because she would not be talkative; however, I was wrong. When I sat and interviewed



124

her, she was the most talkative of all the participants. She had no problem answering my 

questions, and she often added asides that had nothing to do with what I had asked her.

Of the four case study participants, Cara seemed to take the most freedom with 

how and what she wrote in her math notebook. She did not appear to conform to any one 

way of expressing herself in writing. At times, her writing took on the form of lists or 

paragraphs, and sometimes her writing even sounded as if she were just telling a story. In 

one of her pieces of writing about the number line activity Cara wrote, “We did math 

problems with a number line, but the twist was that we were using positive and negative.” 

I asked Cara, “Why would you use that wording: ‘the twist?’”

She said,

I just added it because I read books a lot, and I like to make my writing sound 

interesting and ‘cause so, well, math writing kind of bores me because it’s just 

like br, br, br, so I just decided to add some stuff here. Um, so I decided to just 

add little things in there that sounded cool.

Cara often added asides or other information in her mathematics writing that 

explained how she was feeling about a particular mathematics concept or even about her 

partner for a particular mathematics activity. For example, in one of her pieces of 

writing, Cara expressed her frustration with one of her partners during a particular 

mathematics activity. She wrote, “I can’t think anymore because John is driving me 

crazy.” I wanted to know why Cara wrote this in her reflection, and she said,
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He was like bored, so he started like flicking the pencil around and it was driving 

me crazy. . .  and I couldn’t help it and I was like, they said write what you 

thought, so it’s what came into my mind.

Cara’s mathematical writing was often a combination of explaining or reflecting 

on an activity and her introspective thoughts. In a piece of writing about an activity 

called “Garden Math,” Cara wrote the following:

I would like to figure out how many plants we could possibly plant. Each class 

would get 48 sq. feet. If each plant took up about 1 square foot we could have 48 

plants. Of course the chances of that are very unlikely with the complications of 

science.

I wanted to know exactly what she meant by “Of course the chances of that are very 

unlikely with the complications of science,” so I asked Cara, “What were you talking 

about here when you were looking at the Garden Math?”

Cara said, “Sometimes science just confuses me and sometimes there are so many 

variables in science and stuff that I just don’t that I just don’t get it.”

Cara’s initial response did not help me understand her thoughts completely, so I 

asked, “Are you saying that you think the square feet thing is science as well?”

Cara replied,

Yeah, it would be because that’s just the way it grows and sometimes it will grow 

bigger or taller than what it said. So, it depends on how big or small it grows. So 

that’s just why I said that.
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In reading Cara’s writing and talking with her, she used her understanding of 

square feet and gardening from her own experiences, and that is why she mentioned the 

size of the plants as being scientific. Cara was not only looking at the mathematics o f 

square feet, but the practicality of how plants grow and the fact that one cannot know 

exactly how large or small a particular plant is going to grow.

In the classroom, Cara was not very vocal, and she only chose to raise her hand 

when she felt confident in her response. Cara said,

I was never really into math ever, I never actually raised my hand that much 

because I didn’t know the answers or I was embarrassed that I was going to get 

the answer wrong, but I feel more comfortable now.

To determine if her comfort level had anything to do with the use of writing in 

mathematics, I asked Cara if she had used writing in mathematics before being in Mr. 

Moss and Mrs. Stevens’ class, and she had not. Cara mentioned that the majority of 

writing she had done prior to being in Mr. Moss and Mrs. Stevens’ class was just on 

“. . .  tests about reading workshop and stuff, but other than that we just wrote in writing 

workshop, and that’s it.” Cara said her previous math class experiences were just “a ton 

of math problems, the teacher explaining things, and me getting frustrated.” Cara used 

her writing to explore her thoughts about her mathematical learning, but she also used her 

writing to explore her thoughts on certain mathematical concepts and the processes she 

went through during mathematics.

Cara was the only participant who wrote about checking her work to make sure 

she had the correct answer. She wrote the following:
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First I solved the problem with partial products. I got 880. That was the right 

answer but I don’t normally get the right answer when I do it that way. So I did it 

the traditional way and carried wrong. So I checked it with division. Then I redid 

it and realized my mistake and did it again and got it correct.

I was interested in understanding why Cara said that she got the correct answer, but that 

she did not normally get the correct answer when she used partial products. When I 

asked her about what she meant Cara said, “I don’t normally ’cause I just started doing 

that, so I would normally get the wrong answer ’cause I didn’t exactly get it.” She went 

on to say, “I feel more comfortable with it [partial product] now, but at first I was a lot 

more comfortable with traditional method.” Cara used her writing to express her process 

of checking her answers to make sure they were correct. Even thought she said she felt 

more comfortable with partial product now, she needed to check her answers to make 

sure they were correct because in the past doing multiplication with partial product 

caused her to come up with an incorrect answer.

I also asked Cara about why she went back and checked her work because, 

throughout my entire time observing, I rarely saw any of the students go back and check 

their mathematical equations. I asked Cara, “What makes you go back and check your 

work and really look for and make sure that you got the correct answer?”

She said,

Well, past experience. I did a test once and didn’t check my answers and I did it 

way too fast. So I got . . .  it was when we had grades, so I got a C and I was like,
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wait, what? And then I looked, and I was like, oh, I did those way too fast. That 

was a very easy question, and I did it way too fast, so I got it wrong.

In her writing and in my interviews with Cara, she showed introspection and 

reflection on her mathematical knowledge and processes. It was also clear that Cara’s 

experiences at public school, before attending her current private school, influenced her 

way of approaching mathematical concepts. Based on Cara’s answers to what made her 

go back and check her work, grades were important to her when that was the method of 

measuring success at public school. At her current school, the students did not have 

grades, and they were given as much time as they need to complete tasks. I asked Cara, 

“Do you think having an experience outside of this school and bringing that in helped 

you realize how to take your time and go back and actually check your work?”

Cara said,

Yeah, after a while I started doing that and I was so used to it, and my teachers 

always told us, “Check your work,” and I was like, oh, and then it finally sunk in 

that I actually should have done that.

Cara was always reflective in her writing even if reflecting was not the focus of a 

particular writing assignment. When asked to write about her successes, challenges, and 

goals in math in preparation for her student-led conference, Cara mentioned a success of 

hers as using and recognizing real-world math. I asked Cara, “Why do you think that’s 

such a success for you guys, when you’re able to do real-world math?”

Cara said,
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So, when we actually did it, we actually noticed it without a teacher being like 

“This is real-world math.” I’m not sure about the other people, but it made me 

understand that better to be like, oh, there is math in the real-world.

The fact that she was able to understand when a concept was actually real-world math 

without teacher delineation is why Cara placed real-world math under success on her list. 

Cara embraced the use of writing in mathematics because it was a natural fit for her 

learning style. She said she preferred to write about her answers than to draw pictures or 

equations. In talking about what she gets from writing in mathematics Cara said, “I get 

answers that are easier to explain and, um, something that I find a lot easier. I don’t find 

equations and drawing out arrays and stuff easy, so that is easier for me than doing actual 

math.” Cara expressed that she enjoyed free writing the best because she was able to add 

what she was actually thinking, she did not have to “shield her thoughts” like she 

normally does, and she was free to write however and whatever she wanted all over the 

page.

Cara used many of Halliday’s (2003) functions of oral language in her written 

language as well. Students were encouraged to write their thoughts, feelings, and ideas 

about a particular mathematics lesson or concept, and Cara did so often employing the 

personal function. A concept that was completely missing in Cara’s writing was the 

heuristic function. Nowhere in Cara’s writing samples did she question anything she had 

learned or experienced during mathematics instruction. The instrumental function was 

present when Cara discussed her preference o f using the partial product method over the 

lattice method of multiplication. Cara wrote the following:
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I prefer partial products because it isn’t with a lot of overwhelming steps and big 

numbers. Mrs. Stevens helped me figure out lattice a bit better and show me that 

all of them are connected. That really helped me because now I don’t think lattice 

is part of another world. I wouldn’t do lattice all the time, the steps scare me and 

I am very comfortable with partial products.

In this piece of writing, Cara was able to express why she preferred partial products to the 

lattice method of multiplication.

The representational function was present in all of her writing, as the use of this 

function is to explain or convey meaning. One example of Cara using the 

representational function was when she wrote, “We figured out if we subtract a number 

and it equals a negative then if it was a positive you could add the dividend and the 

negative together and you will get the divisor as the sum.”

I was unsure if she meant to use the wrong terminology or if she truly understood 

the meaning of dividend and divisor. I asked Cara, “Are you sure those are the right 

terms?”

Cara said, “I don’t, I think I might have screwed up, I think I might have actually 

messed them up or did them, or like flipped them around. Sometimes I just can’t figure it 

out.”

I then asked, “Well, because dividend and divisor are for what operation?”

Cara immediately answered, “Division.” Cara knew the vocabulary words, but in 

this instance used them in the wrong context for addition and subtraction of negative 

numbers.
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Cara’s love of reading and writing likely contributed to her ability to use the 

imaginative function at times because she created her own scenarios and wrote in a 

manner that was comfortable to her. She did not use the interactional function in her 

writing itself, but she wrote about situations where she used the interactional function.

For instance, Cara and her partners developed a plan on how to create a number line and 

explore positive and negative numbers. She did not use the regulatory function much in 

her writing; its purpose is to control, and this was unnecessary in Cara’s written work.

After reading Cara’s writing and interviewing her to discuss her writing as well as 

her feelings about writing in mathematics, it appeared to me that Cara was very 

comfortable with the use of writing in mathematics. In fact, it seemed she actually 

relished the fact that she was able to write in any manner that she deemed appropriate.

She did not stick to one way of writing, evident in the paragraphs, lists, and sometimes a 

combination of both in her written work.

After observing Cara in class, I was not sure what I would find when reading and 

analyzing her writing, but she appeared to become much more confident in her 

mathematic abilities when she was able to write about what she had learned in 

mathematics. She was able to come to her own conclusions and understandings of 

various mathematical concepts, and she did not rely on the teachers to point these out to 

her. Cara, a student who did not seem very confident in her mathematical abilities during 

a particular lesson or class discussion, became a different person when she was able to 

put her thoughts to paper and express herself in her own way. Cara’s mathematical 

confidence blossomed on paper in a way that it did not verbally in the classroom.
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Jalen: The Hard Worker

Jalen made his presence known to me the very first day I entered Mr. Moss and 

Mrs. Stevens’ classroom. The class was going outside to continue working on a science 

experiment they had started earlier in the week. All o f the students were huddled on the 

grass under where Mr. Moss was standing above them on the balcony; however, Jalen 

found his way to the back of the huddle where I was standing and said, “Let me tell you 

what we’ve been doing.” He proceeded to tell me about their work in science on 

understanding energy and their experiments o f dropping variously sized bowling balls 

from the balcony to see the amount o f energy it would take. He said that day they were 

trying to figure out other ideas of what to drop or pull up to the balcony to derive other 

numbers to use for the formula for energy. I knew when he initiated our conversation 

that he was a student who would not have a problem talking to me.

Jalen was highly talkative in class and wrote extensively in his math notebook. In 

talking with Mr. Moss and Mrs. Stevens, I learned that Jalen was not much of a writer at 

all when he was in fourth-grade, the year before, because his excessive focus on correct 

spelling and punctuation prevented him from getting his ideas down onto the paper in a 

timely manner. Mr. Moss and Mrs. Stevens taught their current students in their fourth- 

and fifth-grade years. Once Jalen overcame this barrier during his fourth-grade year, the 

teachers found Jalen was an avid writer who did not let spelling, or punctuation, interfere 

with his writing. Jalen’s writing always took paragraph form. He did not vary among 

writing styles like some of the other participants. His writing did lack punctuation, and at
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times, his sentences were fragmented, but he was able to reflect on the mathematics 

lessons as well as write his thoughts.

In his reflection on “Why We Play Games in Math,” Jalen gave a bit of an 

overview of the reasons and then wrote more about his thoughts as to why the students 

play games in math. He wrote the following:

We play games in math because instead of doing lesson and lisening you play a 

educational math games that helps with a weakness to a strength like darts helps 

because you add your score to see what you get or trying to get two numbers that 

equals the sum of what someones number. We play math because it’s a fun way 

of doing math plus it’s your to choose a math game and instead of the teachers 

and you choose what you need to work on and it doesn’t have to be a math game 

it’s really whatever you want for math.

This writing sample provides evidence that Jalen still had spelling and punctuation errors 

throughout his writing, but he did not let these stop him from expressing his thoughts in 

written form.

I was interested in Jalen’s thoughts about what made the math games educational. 

Jalen said, “What makes it educational is that you’re working on something; like 

Battleship® helps with x and y like 10,9, yeah something like that.” I thought Jalen was 

speaking about coordinates, so I asked him if this is what he meant. Jalen said, “Uh, huh, 

coordinates, and it helps like cause it’s a strategy for, and it can help with math and really 

just help you with strategies, and really just educational like educational games are the 

same thing.”
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I also wanted to know how these educational games were able to help with a 

weakness. Jalen said,

So, if you have a weakness in maybe long division, you can find a game that can, 

you just keep playing and playing and maybe practicing. I mean playing and 

playing it can help you with division, long division to become a strength.

Jalen also mentioned that he felt it was important that the students were able to pick their 

own math games, and the teachers did not choose for them. Jalen said this was important 

because

. . .  you have freedom to choose. Choose a game instead of the teachers choosing. 

Or like maybe they want you to play, we have um, what’s it called? Or like 

maybe just simple flashcards or something like that, you get to choose an actual 

game to play for math.

Freedom to choose the game to play was an important factor to Jalen and many of the 

other students when it came to math games. Freedom was also important to the students 

when it came to how and what they wrote in their math notebooks.

Jalen tended to approach his writing by beginning with a recap of what happened 

during the lesson or activity and then adding some of his thoughts. In his reflection about 

the number line activity that the class did outside, Jalen began by stating what he and his 

partner did during the activity; “First we (me and Cam) made a number line with positive 

and negative. We found out that if you subtract a negative number with a positive you 

get a positive.” After his initial reporting of what he did during the lesson Jalen added,
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I like doing it because it was outside and another thing is it is a great way of 

learning instead of a teacher telling you to do a worksheet or showing you and 

you don’t get to write anything down.

Jalen also mentioned he enjoyed this activity because he was able to work with a partner, 

which he liked to do because he liked “listening to their ideas.”

I wanted Jalen to elaborate on what he meant when he said, “I like doing it 

because it was outside, and another thing is it is a great way of learning.” Jalen said, 

“Honestly, I like doing real-world math because well, I think it’s a better way of learning 

instead of doing worksheets and projects inside. That’s just my opinion.” I wanted to 

understand Jalen’s definition of real-world math, so I asked him to explain this to me. 

Jalen said he considered real-world math to be something like “paying, paying like for 

your stuff maybe candy or else whatever you like, maybe toys, or something. And or 

really just shopping and or paying.” It was interesting to hear his definition of real-world 

math because the number line activity had nothing to do with shopping or paying, yet he 

considered it real-world math.

I asked Jalen to make sure that I was clear in his thinking, “Is real-world math 

something that can actually happen?”

Jalen nodded his head and said, “Uh huh.”

Jalen did not elaborate much on his responses to some of my questions, for 

sometimes all he did was nod his head or reply, “Uh huh.” However, when I was asking 

Jalen about his successes in math, the topic of real-world math arose again. I asked Jalen 

what it was about doing real-world math that made it a success for him. Jalen replied,
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“It’s sort of like a real-world example where you can learn, like, learn what you can do 

outside of school. And how you can plant, count money, or do like cutting trees or 

something that is important in life.” Jalen was able to better articulate real-world math 

when discussing it as a success and not in the context of a particular math lesson.

Jalen also made connections to other subjects in his writing. When writing about 

an activity in math, he connected it to a unit about energy that the students were studying. 

Once again, Jalen began with an overview of what the lesson/activity entailed and then 

went on to explain how he felt about the activity and why he enjoyed it. I asked Jalen to 

explain to me about when he wrote, “What we did was we were near the rock climbing 

wall and we lifted up Roger and Mr. Moss got the idea to do math during our energy 

class.” Jalen said, “Mr. Moss was connecting our energy unit with math by using foot

pounds to determine the energy needed to lift Roger.” Mr. Moss gave the students a real 

life example of connecting math to energy.

I wanted to know if  Jalen had experienced writing in mathematics before he was 

in Mr. Moss and Mrs. Steven’s class. He said, “In the classes before this one they would 

just solve problems, but there was no writing in math.” Jalen viewed writing in 

mathematics as a way to “express yourself, to tell the teacher why you like to do it.” He 

also said that the purpose of writing in mathematics was to “explain where you got this 

answer or tell . . .  um yeah I’ll just say explain your answer.” Although, Jalen felt that 

writing in mathematics was a way to explain answers, in his math notebook he used 

writing to summarize an activity and mostly talk about how he felt about the activity. For 

example, Jalen wrote the following:
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I do not like partial products because it is confusing and hard for me every time 

even when I know how to do it. Multipliing horizontally and then adding that 

way is really hard and confusing and frusterating because I always get things 

wrong and I just don’t like it and I just like doing it my way because it is easyier 

and much better for me instead of doing partial products. I can only do it with 

really nothing not even single digits really no digits at all I just like my way the 

best.

In this piece of writing, Jalen wrote about why the method of partial product did not work 

for him and why his way felt better.

Jalen used several of Halliday’s (2003) functions of oral language in his writing, 

but not as many as some of the other participants. Jalen’s writing had many instances of 

the personal and representational function, as those were his two focuses when writing.

He would explain a bit about the activity or lesson and then process his own thoughts and 

feelings about what he had done in class. The piece where he explained why he did not 

like partial products was highly personal, but also instrumental, in that the intent of the 

language he used was to communicate his preferences. Like Cara, Jalen had no use of the 

heuristic function because he did not question or inquire anything in his writing. Also 

absent from Jalen’s writing were instances of the imaginative and regulatory function.

The interactional function was discussed when Jalen wrote about what he and his partner 

did to create the number line outside, but there were not many other instances of the 

interactional function in Jalen’s writing.
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Jalen showed that he used writing in mathematics to process his thoughts about 

mathematical concepts or activities. His writing always included a brief synopsis of the 

activity or lesson, but most of the substance focused on making sense of how he felt or 

what he actually understood. Jalen learned how to ignore focusing on correct spelling or 

punctuation as he had in the past and allow himself to write freely. While interviewing 

Jalen, it felt as though he was sometimes trying to give me the answer he thought I was 

seeking. It was evident in Jalen’s writing and interview responses that real-world math 

was an area in which he felt most comfortable. He understood there was a purpose for 

math outside of the classroom, which was more than just solving problems.

Nadia: The Free Spirit

I was hesitant to use Nadia as one of my case study participants, but Mr. Moss 

and Mrs. Stevens convinced me that she was a good thinker and her writing would 

provide a different perspective than the other students we had already chosen for the 

study. Originally, I chose Nadia as an extra participant in case one o f the other three 

participants had to leave the study for any reason. I collected data on Nadia just as I did 

the other participants, and when none of the other participants dropped out of the study, I 

found Nadia’s data needed to be included as well. Nadia was a free spirit and out of the 

box thinker. She was not afraid to say what she thought and express her opinions; 

however, when it came to expressing herself in writing, she had difficulty convey her 

meaning at times.

Nadia was like Cara in that she took quite a bit of freedom in deciding how and 

what she was going to write in her math notebook. Her writing at times was bulleted
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thoughts, diagrams, sketches, or any combination of these. Nadia did receive help with 

her writing from a support teacher, but this help only occurred during writing workshop. 

Mr. Moss and Mrs. Stevens told me that Nadia had a difficult time conveying her 

thoughts in an organized and cohesive manner for the reader to understand. This was 

evident in Nadia’s writing in her math notebook, which she accomplished without aid 

from her support teacher. In one sentence she might give a synopsis of the activity, in the 

next sentence give an example of a problem the students worked on, and in the next 

sentence discuss how she missed half the lesson because she was with her support teacher 

working on something else. Nadia’s lack of cohesion to her writing at times made it 

difficult to follow her thought process, and when I asked her about her writing, she was 

usually unable to articulate what she had written and why, so I had to ask many follow-up 

questions.

Nadia was the most difficult of the four participants to interview. She did not 

really want to elaborate on the questions I asked her, and at times she would give just one 

word answers such as “Yeah,” which did not help in my understanding of what she had 

written and why. I had to keep asking follow-up, and sometime very pointed, questions 

to make sure that I understood why she had written what she did and what she meant in 

her writing. For example, in her writing about Garden Math, Nadia wrote, “It’s scary.” I 

wanted to know what was scary to her, and when I asked her about this, she said she was 

scared.

I still was unclear as to what she was scared of, so I asked her, “What exactly 

were you scared of?”
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Nadia said, “I’m scared of gardens. I’m scared of things.”

So, just to make sure I understood what she was saying, I asked, “So you weren’t 

scared of the math, you were scared of the garden?”

Nadia then said, “I’m scared. Everything is scary.”

Nadia was a bit giggly when talking about everything being scary so it was 

difficult to understand if her demeanor was the truth or her statement that she thought 

everything is scary was the truth. This was a typical exchange when interviewing Nadia.

I had to draw answers from her in order to understand what she had written in her math 

notebook, and even after asking many follow-up questions, sometimes I was unable to 

understand what she meant.

Like the other participants, Nadia did use her writing as a personal sounding 

board and a way for her to process concepts presented in various mathematics lessons and 

activities. Because Nadia usually used bullet points to write her thoughts, her writing 

would often switch back and forth between processing an idea and her thoughts about the 

lesson or activity. The following is an excerpt of Nadia’s writing where she answered the 

question, “Why do we play games in math?” Nadia wrote the following:

I think we play games to help our math thinking to be fun for your memory.

• Maybe we play games because it’s a fun way to do hard stuff.

•  We play games because we are Fall Springs school we get freedom in all 

learning so . . .
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•  We play game to refresh our memories and to have fun with all different types 

like example if we are studying multiplication and we have math game we can 

play games for geometry games and addition and subtraction game.

This piece of Nadia’s writing shows that she integrated her thoughts into her writing 

while also discussing more conceptual ideas. She presented some of her thoughts clearly, 

and some were not as clear due to lack o f sentence structure and punctuation.

I wanted to know more about Nadia’s mention of freedom in learning, so I asked her to 

explain this idea further. Nadia said, “Like the teacher doesn’t control our learning. We 

kind of, we’re the, we guide our learning. The teachers kind of go with the learning.

They teach us, but then we also like choose which we’re doing.” I wondered if Nadia 

might be able to give me examples of this freedom in learning other than their writing in 

mathematics. Nadia said,

It comes in the day ‘cause it’s not a public school. When we do the conference 

prep we do it ourselves. The teacher doesn’t tell us what to write, and they also 

don’t tell us the thing we are bad at. We write what we think of ourselves.

This freedom to choose in the classroom and not having the teachers dictate every move 

was important to Nadia.

Similar to the other participants, Nadia connected math to other subject areas. 

Preparing for her student-lead parent conference, Nadia wrote, “I liked connecting math 

with the inquiry work we did, like for the energy unit we did, stuff like the tire swing 

expirement.” In other pieces of her writing Nadia hinted at these connections, such as 

mentioning the pumpkin drop, where the students worked on discovering the amount of
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energy it would take to drop differently sized pumpkins from a 16-foot balcony. She also 

mentioned liking bike math, where the students rode their bikes as many times as they 

could around the school and the students had to determine how many miles they rode. 

Even though Nadia did not use the words “real-world math,” it was clear from her writing 

that she enjoyed the activities that occurred outside of the classroom environment.

I wanted to know what Nadia thought about writing in mathematics, and when I 

asked her, she said, “Well, sometimes if  you like forget something and you want to like 

remember it you can look back and remember what you were thinking. You can think of 

that thing.” Nadia was the only participant who really spoke about using her writing as a 

way for her to go back and look at ideas she had previously written. She said that writing 

helped her learn because “If you, like, have an idea you can write it down, and then you 

could always look back at it to help you do something.” I was curious to know if she 

actually used this practice of going back and looking at her writing, so I asked her to 

provide an example o f when she went back into her notebook to help her understand a 

concept. Nadia said,

We were doing this one thing, this prime thing, and our group was supposed to 

write a definition, so then if you look back, uh, I saw this thing on the first page or 

something, and it was like this long definition of prime.

Nadia kept her notebook itself very organized and always had a sticky note placed on the 

last page she wrote on in her notebook, so going back to look for information might have 

been easier for her than the other students who just wrote on random pages in their 

notebooks.
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Nadia heavily used the personal and representational functions of Halliday’s 

(2003) language in her writing. Most of her writing consisted of telling what she knew 

and how she felt about what she knew. At times, she did use the instrumental function in 

expressing her preferences about different mathematical concepts, lessons, or activities. 

The imaginative, heuristic, interactional, and regulatory language were absent from her 

written work. In addition, much like Jalen, Nadia did not let her difficulties with writing 

interfere with her putting her thoughts down on paper.

It seemed that Nadia used writing in mathematics to help her sort through ideas as 

they came to her mind. Perhaps ideas entered her head and she chose to write about them 

as they appeared and that is why Nadia often used bullet points to separate her ideas.

This may have been because she did not have to make each thought flow together as they 

would in a paragraph if  she used bullets. Furthermore, by focusing on one idea at time, 

Nadia was able to give a personal response to almost every idea she put down on the 

paper. It did not matter what the thought was, she would also add her thoughts to each 

reflection. For example, in her writing about the number line activity one of her bullet 

points said, “I walked back, and I got confused ’cause I liked walking sideways, but it 

worked better backwards.” In this thought, Nadia discussed a concept while at the same 

time integrating her personal experience and thoughts about the concept.

Stacy: The Pleaser

Once I chose Stacy as a participant for my study, every time she saw me she 

wanted to talk to me, show me something, or just be in my presence. If I was doing 

interviews with other participants and did not get to her that particular day, she would get
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upset. Stacy wanted to be involved in everything. She would volunteer frequently in 

class, raise her hand all the time, and she always wanted to be part of the larger class 

discussions.

Stacy talked a great deal in class, but this did not translate to her writing. Stacy 

wrote significantly less than the other participants did. However, when I interviewed her 

about her writing, she was happy to talk with me. Of all of the participants in the study, 

Stacy was the one who wrote the least about her thoughts in mathematics. Most of 

Stacy’s writing focused on explaining the mathematical concepts or processes she 

underwent in the lesson or activity. She used her writing to recount what occurred in the 

lesson or activity while really focusing on the mathematical concepts and giving specific 

examples. Within her explanations, Stacy might have included a brief comment about 

how she felt, but she stayed focused on the mathematical content. Most of Stacy’s 

writing was in paragraph form, but at times, she would also create lists.

The following excerpt shows how Stacy’s writing focused on the mathematical 

content with very little in the way of expressing her thoughts about the activity.

First I made a number line. Positive was white and negative was purple. We 

went to 25 on each side. I figured out each was a pattern and a fact family in each 

problem. I think negative numbers are called that because you have to subtract to 

get one and there is a subtraction sign before the number. Some problem are 

hard like 5 -  25, but I found a way to make it more simple. For example -4 + 16 

=12 but you can do 16-4 and get your answer.
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In this piece of writing, Stacy not only explained the concept of positive and negative 

numbers, but she drew on what she knew about fact families as well, connecting 

previously learned mathematical concepts to a current new concept. I asked Stacy to 

explain to me why the patterns she discovered were fact families. She said,

We got a fact family every time. Like if  we did . . .  if  we did 25 or 5 -  25, um, it 

would get us a fact family because we noticed that 5 - 2 5  would be 20 and that 20 

+ 5, um, like, so 25, would be 25. It was a fact family, we found out. The 

number of spaces that were between it was 20 and plus 5 equals 25.

She added, “That’s the way fact families work. There’s like with addition and subtraction 

fact families it works every way and with multiplication and division fact families it 

works every way, but that’s addition and subtraction.” Stacy’s example showed that she 

had an understanding of fact families for addition and subtraction as well as 

multiplication and division.

Of all four of the participants, Stacy used the most mathematics vocabulary in her 

writing. For example, when asked to write about her Garden Math activity, Stacy took 

this chance to use many different mathematical terms to express her understanding of 

perimeter and area. This piece of writing is also one where she listed what she noticed 

about the garden. Stacy wrote the following:

• It’s a quadrangle

•  It’s 7 feet wide and 14 feet long

• The perimeter is 38 square feet

• It’s a rectangle
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• 4 sides

• The area is 98 square feet

•  If the plants need 1 ft to grow and we have half the garden we can plant 49 

plants

•  In a diagnol formation it is 15ft and 8 inches

• In height I am 4’2 the garden is 14 ft

• If you subtracted my height from the garden there would be 10’ 10 feet left 

This piece of Stacy’s writing suggests that she had a grasp of mathematical vocabulary in 

terms of area and perimeter. She even used this information to create her own math 

problem and solve what would be left of the garden if she lay down. I wanted to make 

sure she truly understood the vocabulary she used, so I asked her, “What is a 

quadrangle?” Stacy said, “It’s anything with four sides. That connects and is, um, that’s 

flat like straight sides with four of them that connect.” Stacy was able to answer me 

without hesitation.

It appeared that Stacy felt more comfortable writing about the specifics of a 

lesson or activity than writing about her interpretations or reflections of a math concept. 

When the teacher asked the students to write about why the class plays math games,

Stacy could not really answer the questions and instead wrote the following:

I don’t really know but on a website called granny prix and baby prix are my 

favorite math games. How they work are you comsumize your character and pick 

a fact family to work on and you press go. At the top of the page, there are 

problems you answer and you character goes faster after you get 15 problems
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correct if you are in the lead you get first place in the race and if you answer 

problems incorrectly the computer tells you what problems you need to work on. 

In this excerpt, there is nothing personal—only specifics to the games that Stacy played 

on the website.

Although Stacy was not introspective in her writing, she was willing to share 

these introspections when discussing her writing. For example, I asked her why she said 

she did not really know why they played math games, and she said,

Like I don’t really know why we play math games because they just like, I don’t 

know how all the games connect to math. I don’t get how Chess connects to 

math, but then there’s some numbers with math in it so I know how it connects to 

math, but Checkers and math, I don’t get how it really connects and Chess and 

math; I don’t know how it really connects.

When speaking, Stacy was able to express her lack of understanding in how these games 

connected to math, but she chose not to write about them.

The only time Stacy wrote about how she felt was when the teachers wanted to 

know how the students felt about division, and Stacy wrote, “I used to feel tense at the 

word division but now I don’t because of the stratigys we learned. I still feel a little tense 

doing long division.” Even though Stacy wrote about feeling tense, she mentioned that 

learning various strategies made her feel better, expressing a sense of competence. 

However, when I asked Stacy what she thought the purpose was of writing in math, she 

said, “I think it is to get your thoughts down so you don’t lose them. We write down our 

thoughts every math time, so we can, so then it’s trapped on paper.”
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I also asked Stacy what she got out of writing in mathematics. She said,

I get my thoughts and my feelings about math like . . .  last year I would have said 

I hated multiplication. I could not get, I could not master it. I had no clue how to 

do division, but I actually knew them. I could do division. I actually was pretty 

good at multiplication. So like writing in math helps me feel good about myself.

It was surprising to hear Stacy say that she could get her thoughts and feelings about 

math onto the page, when this had not been my impression. Of all the participants, Stacy 

used her writing to represent her mathematical knowledge and not to express her thoughts 

about the mathematical concepts.

Stacy used the fewest amount of Halliday’s (2003) functions of language. The 

main function found in Stacy’s writing was representational. Almost all of her 

mathematical writing focused on explaining mathematical concepts. As I mentioned 

earlier, she did use the personal function once when specifically asked about her feelings 

on division. The rest of Halliday’s functions of language were not evident in Stacy’s 

mathematical writing. Stacy’s primary focus in her mathematical writing was to process 

the mathematical concepts presented to her. She would do this by connecting new 

concepts to previously learned concepts. Stacy’s writing focused on making sense of the 

concepts, but not on her thoughts about the mathematics. When I talked with her, Stacy 

was happy to verbalize her thoughts and feelings about the mathematical concepts.

Considering that Stacy is a fourth-grader and the other three participants are fifth- 

graders, perhaps the extra year using writing in mathematics and finding a way to 

integrate their thoughts into their writing explains why Stacy did not engage in writing
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her about her thoughts. The concept of writing in mathematics was brand new to Stacy, 

since she did not use writing in mathematics in her third grade class. She said that in 

third grade her mathematical learning was “mostly worksheets and math assessments.” 

Stacy also said, “I feel like math is better here because you actually get to do something.” 

From this statement, it appears that Stacy viewed writing in mathematics as doing 

something more than just solving problems.

Synthesis of Case Studies

After examining the writing of each participant and interviewing each individual,

I was able to concentrate on learning about them and analyzing ways that writing in 

mathematics helped them understand mathematical concepts. Once I analyzed each case 

study, commonalities among all four participants appeared. It was clear from the 

participants’ written work that the students found freedom in the way that they were able 

to write in mathematics. None of the participants wrote in the same way as any other 

student. Each time writing occurred in mathematics, the teachers made it clear to the 

students that there was no wrong way to approach writing in mathematics. Mr. Moss said 

things to the students such as, “Write what you think,” and “You can’t do this wrong; it’s 

your own thoughts.” This encouragement from the teachers gave students the confidence 

to express their thoughts on the page.

All of the fifth-grade participants seemed to perceive writing in mathematics as an 

opportunity to process the mathematical concepts and write down their own thoughts and 

feelings about the concepts. Stacy, the only fourth-grader in the study, had one year less 

experience in mathematics than the fifth-graders did. This lack was evident in her
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writing in mathematics because she did not seem to feel comfortable or able to process 

her thoughts about mathematics and put them down on paper. Based on Stacy’s speaking 

prowess, perhaps a bit more time and experience in writing in mathematics would result 

in the processing of her thoughts about mathematical concepts onto the page as well.

All of the participants’ writing showed an understanding of mathematical 

concepts. Some were even able to articulate why they preferred certain mathematical 

methods or strategies instead of others. The participants also utilized mathematical 

terminology and vocabulary when writing in their math notebooks. The use of these 

mathematical terms was usually accurate, and the participants seemed to understand the 

meaning of these words. If a participant used a word incorrectly in writing, and I asked 

him or her to explain to me why he or she used that particular term, the participant always 

noticed the mistake and was able to change the word to the correct term.

The participants’ writing demonstrated their possession of a conceptual 

understanding of the mathematics they had been taught. None wrote in vague or 

uncertain terms when writing about mathematical concepts. Even if a participant was not 

comfortable with a concept, that participant was able to articulate in writing what was 

problematic about the concept and why he or she was uncomfortable. Furthermore, if a 

participant was unsure or uncomfortable, later pieces o f writing revealed that participant 

often had a clearer view of the concept that caused him or her problems earlier.

The participants’ use o f writing in mathematics gave them a way to express their 

understanding of mathematical concepts in a manner that made sense to each of them.

The teachers placed no structural limitations on how or what the students wrote, thus
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permitting them to write in a way that was meaningful to them and understand that the 

intent o f their mathematical writing was to process their understandings and thoughts.

The audience for their writing was themselves, which allowed them to take chances and 

experiment with their writing in a manner most effective for them. In this classroom, 

both the teachers and the students used spoken and written communication with each 

other in order to learn mathematical concepts.

Synthesis of Case Studies Using an Integrated Model 

Figure 3 displays an integrated model showing how the classroom climate and 

environment and the contexts for math talk were seminal to concept formation as math 

talk occurred in and across both of these areas to aid students’ concept formation. This 

model emphasizes the importance of concept formation and understanding of 

mathematical concepts; therefore, concept formation is at the center of the figure. The 

contexts for math talk and the classroom climate and environment provided a backdrop 

for student math talk, facilitating students’ concept formation and understanding in 

mathematics. I used this this model to synthesize what I learned about how my four case 

study participants used communication in mathematics to help them understand 

mathematical concepts.



Figure 3. Integrated Model. The use of math talk occurred in the classroom climate and 
environment through the contexts of peer group, directions, and activities to culminate in 
student concept formation.

The outer circle of the integrated model displayed in Figure 3 shows the 

classroom climate and environment. The classroom climate and environment allowed the 

students the freedom necessary to use math talk in the manner that best suited their needs. 

For some students, this meant spoken math talk, while for others it meant written math 

talk. Moving inward in the diagram, the next circle displays contexts for this math talk: 

peer groups, activities, and directions. The contexts for the math talk place the math talk
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in a specific setting. The context in which the math talk took place was important to the 

type of math talk that followed, for it determined the type of math talk that occurred. 

Elaboration of how the contexts precipitated different types of math talk as related to my 

four case study participants appears later in this section. The inner circle of the model is 

concept formation, which is the ultimate goal in allowing the students the freedom of 

using the type o f math talk that fits their needs in order to make sense of mathematical 

concepts. The math talk arrow cuts across all the circles leading to the center of concept 

formation because math talk occurred in and across all situations in order for concept 

formation to occur.

The context o f mathematics activities was often the catalyst for students to write 

about the concept they worked with during that particular activity. For example, after the 

students did an activity outside to explore positive and negative numbers using a number 

line, Stacy wrote, “I think negative numbers are called that because you have to subtract 

to get one and there is a subtraction sign before the number.” Without the experience of 

the mathematics activity, Stacy might not have had the understanding of negative 

numbers in a way to explain it in writing.

The students also worked in partners for this activity, which meant they used 

spoken math talk in the context of the activity to share ideas and concepts. Jalen wrote 

about what he and his partner did together and what they found in the process. Jalen 

wrote, “First we (me and Cam) made a number line with positive and negative and we 

found out that if you subtract a negative number with a positive you get a positive.” Both
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Jalen and Stacy participated in the same activity but wrote about positive in negative 

numbers in a way that made sense to them.

The participants’ use of writing in mathematics gave them a way to express their 

understanding of mathematical concepts in a manner that made sense to each of them.

The teachers placed no structural limitations on how or what the participants wrote, thus 

allowing the participants to write in a way that was meaningful to them and to understand 

that the intent of their mathematical writing was to process their understandings and 

thoughts. The audience for their writing was themselves, which allowed them freedom to 

take chances and experiment with their writing in a manner most effective for them.

The directions given by the teachers were a context for the type of math talk that 

students spoke or wrote. Sometimes the directions were multistep, relating the order that 

students were to proceed in an activity, and other times the directions were as simple as 

“Write about what you did today in math.” Often, the teachers gave students simple 

directive prompts to prompt student reflection in writing on what they had learned or 

experienced during a particular math lesson or activity. For instance, Mrs. Stevens asked 

the students to answer, “What do I know about division?” As each case study participant 

approached their reflections differently, which the teachers encouraged, the answer to the 

question was provided, but in very different ways. Stacy created a bulleted list and said 

that division is

• Equal parts

• Fractions

• Equal groups
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• Inverse operation of multiplication

• Fact triangles

While Nadia approached answering the same question with bullet points, what she 

provided in terms of math talk was not like what Stacy wrote. Nadia wrote:

• I can do stuff like long division and small division

• I know all division and I am pretty good at long division

Both Nadia and Stacy answered the same question but approached their answers by 

focusing on different concepts. Stacy chose to answer the question more literally by 

providing concepts that fall under the umbrella of division, while Nadia chose to focus on 

what she can do with division and how comfortable she feels with the concept.

While directions are included as a context for math talk, mathematics instruction 

is not because instruction is a form of math talk utilized by the teachers. Directions often 

led into mathematics activities where the teachers placed students in peer groups. These 

peer groups also fostered an environment for math talk to occur. While my focus was on 

the writing of my case study participants, I did gain insight into what they experienced 

when working with a partner. Some of the participants enjoyed working with a partner or 

small group, while others did not. Jalen wrote about liking to work with a partner when 

he was reflecting on the activity about positive and negative numbers. In my interview 

with Jalen, I asked him, “Why do you like that [working with a partner] better?”

Jalen said,

Well, you have two people that are helping and it’s much easier to do and much,

and it’s more fun to do it, you know. Like so, ’cause you have two brains that
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help. And sometimes you have somebody that’s stronger in that, um, thing you’re 

doing and somebody can learn from that.

In talking with Jalen after reading his writing about working with a partner, the context of 

peer work allowed him to reflect on his process of working with a partner and then 

express to me why this was an effective learning strategy for himself.

Cara, on the other hand, did not seem to enjoy working with her partner for the 

same activity, and she expressed this in her writing. Cara wrote, “I can’t think anymore 

because John is driving me crazy.”

When I interviewed Cara about this piece o f writing in the context of working 

with a partner, I asked her, “Why did you say, ‘I can’t think anymore because John is 

driving me crazy?”

Cara said,

He was like bored, so he started like flicking the pencil around, and it was driving 

me crazy. And it just was driving me crazy, and I couldn’t help, and I was just 

like, they said write what you thought. So that’s what came to my mind.

The context of having a partner who was not involved in the activity caused Cara to write 

very differently about her experience working with a partner than Jalen wrote.

The integrated model in Figure 3 provides a visual representation of the contexts 

in which math talk occurred in the multiage mathematics elementary classroom of this 

study. Each of the three contexts of the mathematical experience provided a backdrop for 

understanding why math talk was occurring, and whether this math talk was student 

generated, teacher generated, spoken, or written. The figure also depicts one or more of
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Halliday’s (2003) seven functions of oral language for the types of math talk utilized by 

the students and the teachers.

The communication in this classroom was the key to student learning and 

understanding of mathematical concepts. The teachers provided multiple opportunities 

for students to access their prior knowledge in order to connect previously learned 

concepts with new ones. The ability for students to express themselves verbally and in 

writing gave the students the chance to find the most comfortable and effective way to 

express their understanding of mathematical concepts.

Concept Formation through a Vygotskian Lens 

The students in Mr. Moss and Mrs. Stevens’ classroom were aided in concept 

formation based on the contexts of the mathematics activity or lesson the students were 

involved in and the subsequent math talk (spoken or written) that followed. Both the 

contexts of the math talk and the math talk itself were necessary for concept formation to 

occur. Vygotsky (1962/2012) stated, “A concept is not an isolated, ossified, and 

changeless formation, but an active part of the intellectual process, constantly engaged in 

serving communication, understanding, and problem solving” (p. 105). Mr. Moss and 

Mrs. Stevens subscribed to the fact that their students needed to be engaged in the 

intellectual process o f learning through communication and problem solving.

Almost all of Mr. Moss and Mrs. Stevens’ math lessons began by engaging 

students’ prior knowledge by asking questions. As I mentioned earlier, I defined these 

questions as preparatory questions, as the teachers used them to prepare students for 

further learning of a mathematical concept or leam new concepts.
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In a lesson about prime factorization, Mrs. Stevens began the lesson by asking the 

students, “What is one way that prime factorization helps us organize numbers?” This 

question was the preparatory question for the lesson, asking students to use their prior 

knowledge of prime numbers and prime factorization in order to figure out how this 

concept might help them understand how to organize numbers. The students were given 

time to contemplate the answer to this question before required to contribute various 

ideas on how to use prime factorization to organize numbers. Tony offered the idea of 

using a factor tree because “the factor tree takes a number and breaks it down into prime 

and composite and the relationship between them.”

For one student, Melanie, the use of the words “prime” and “composite” caused 

her some confusion, as she mentioned she had forgotten the difference between the two. 

Even though the terminology caused a problem necessary for Melanie to solve, according 

to Vygotsky (1962/2012), this could not be the cause of concept formation for her; 

however, it could trigger the process. Melanie’s question about knowing the difference 

between prime and composite numbers led to small group discussions about definitions 

of prime and composite numbers. Mrs. Stevens suggested that the class come together 

and create a class definition of prime. Nadia, having a grasp conceptually on the idea of 

a prime number, shared with the class that a prime number is “a number with only two 

factors (1 and itself).” The context of this lesson was one in which the students were 

asked to work in peer groups and also come together as a class to problem solve a 

definition for prime numbers. Vygotsky (1962/2012) stated, “Concept formation is a 

creative, not a mechanical passive process” (p. 106), and the students engaging in
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conversation about prime number and creating a definition was a creative process, not 

passive in nature.

Once the students created a definition for prime, they moved onto composite, 

relating the concept of prime numbers being only two factors (1 and itself) to composite 

being a number with more than two factors. The students' ability to connect previously 

learned concepts and expand upon these concepts through discussion means that 

they were not just using memorized words, for they understood how these words 

connected to objects. The whole class and small group discussions regarding the 

definitions of prime and composite numbers led to the heart o f this lesson, which was 

defining and understanding a factor. The lesson moved from definitions of prime, 

composite, and factor to students manipulating cubes to create multiplication problems 

where factor x factor = product for the number 24. Again, Mrs. Stevens gave the students 

a problem to solve, which allowed a concept to form in an effort to find a solution to this 

problem (Vygotsky 1962/2012).

Mrs. Stevens gave students the opportunity to discuss the concepts of prime and 

composite numbers, as well as factors, together and in small groups, but when the lesson 

was over and the students had finished manipulating the cubes and exploring prime and 

composite numbers, Mrs. Stevens gave them another chance to process the concepts 

presented that day. She told the students, “Write about what you noticed from this 

activity. What does this have to do with factors and products? Write what you 

observed.”
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The task of writing about their experiences during the mathematics lesson and the 

concepts presented might be difficult for some students, for “The adolescent will form 

and use the concept quite correctly in a concrete situation, but will find it strangely 

difficult to express that concept in words” (Vygotsky, 1962/2012, p. 150). Vygotsky 

(1962/2012) stated, “Concept formation is the result of such a complex activity, in which 

all basic intellectual functions take part” (p. 114). The combination of the context of the 

mathematics lesson, the various types of math talk that occurred, the manipulation of the 

cubes to problem solve, and finally written math talk all worked together to help students 

form a conceptual understanding of prime and composite numbers as well as factors.

While reading and analyzing the case study participants’ writing, I was able to see 

concept formation occurring. The students’ freedom to write whatever they thought 

about in their math notebooks was what showed me, with each participant, that concept 

formation was actually occurring in their written math talk. For example, in Stacy’s 

writing about the number line activity she began by explaining, “First I made a number 

line. Positive was white and negative was purple.” At this point in her writing, Stacy 

simply explained the process o f what occurred during the lesson, but she quickly moved 

forward to connect this lesson to the previously learned mathematical concept of fact 

families. Stacy wrote, “I figured out each was a pattern and a fact family in each 

problem.” Stacy also connected the idea of negative numbers to the subtraction sign by 

saying, “I think negative numbers are called that because you have to subtract to get one 

and there is a subtraction sign before the number.” In both her connection to fact families 

and understanding the use of a minus sign in subtraction, Stacy was connecting her
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previous mathematical knowledge to show her thoughts about a new concept, hence 

causing new concept formation. Concept formation is a change in one’s thought, 

emerging only when the individual synthesizes abstract ideas. The resulting synthesis 

becomes the new lens of thought for how the individual views newly presented 

information (Vygotsky, 1962/2012). Stacy was able to change her thoughts by 

connecting her previous mathematical knowledge to a newly presented concept, creating 

a new lens with which to understand the newly presented information.

Communication in the Mathematics Classroom 

The use o f written and spoken communication in the form of math talk was 

crucial to the learning that occurred in this mathematics classroom. Teacher math talk 

instigated student math talk and vice versa. The communication between the teachers 

and the students was crucial to providing a mathematics classroom where students felt 

comfortable with themselves as learners. Students more verbally adept shared their 

thoughts openly in class discussions and in peer groups, whereas students more 

competent in writing wrote without worry of format or content. The Venn diagram in 

Figure 4 shows what occurred in student math talk and teacher math talk and where these 

overlapped in the classroom.
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Figure 4. The Connection Between Student Math Talk and Teacher Math Talk

The freedom to communicate by speaking or in writing in this classroom created a 

classroom where students were comfortable learning new concepts even if these concepts 

were difficult for them. For example, one of my case study participants, Jalen, was able 

to articulate his frustration with partial products in his written math talk, which he might 

not have felt comfortable doing verbally. There were students who felt comfortable 

voicing frustration or confusion, such as when Stacy asked for help with partial products, 

since she did not feel comfortable using this method of multiplication. There were also 

students who felt equally comfortable communicating verbally and in writing.

As shown in Table 3, the teachers appeared to do more o f the talking than the 

students, but because I was unable to observe and record every time the students worked 

in peer groups this number may not be representative of the amount of times the students



163

and the teachers are talking in the classroom. However, from my observations it was 

evident that the teachers and the students used certain types of language more frequently.

The teachers used the heuristic function of language more than any other function 

of language, while the students used this function rarely in speaking and not at all in their 

writing. The teachers and the students used the representational function of language 

frequently as this function is the one where the use of language is to express what one 

knows and understands. In a classroom where the teachers are instructing students on 

new concepts and then ensuring student understanding and ability to use these concepts, 

the representational function is necessary for both the students and the teachers. The 

representational function was the most used function in the case study participants’ 

writing as well. The reason that this function was so prevalent in the participants’ writing 

was because the prompts given to the students were usually broad in scope, asking 

students to “write about what they did today in math.” All four of the participants were 

able to articulate the lesson or activity, and three of them even went further and used the 

personal function to express thoughts other than the specifics of the lesson.

The case study participants’ use of the personal function in their writing provided 

evidence that they felt more comfortable expressing their thoughts about a lesson or 

activity in writing than they did verbally. The teachers told the students repeatedly that 

their writing was for them and there was not correct way to express themselves, which is 

why none of the writing samples of the four case study participants were ever written the 

same way. However, when looking at writing samples of the same prompt for each 

participant, it was clear that, when the students were writing about Garden Math or math
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games, or any other reflective prompt, they were all writing about the same mathematical 

concept.

Summary

My findings focused on the nature o f student communication and the role this 

communication played in students’ conceptual understanding in mathematics. I used 

Halliday’s (2003) functions of oral language as a framework for analyzing the oral 

communication that occurred in the classroom between the students and the teachers. I 

also used Halliday’s functions of oral language in analyzing my participants’ 

mathematical writing. To accomplish this, I began by establishing the contexts in which 

the communication, math talk, occurred in the mathematics classroom and defining these 

terms. I delineated the various types of communication used by the teachers and the 

students and showed how this looked in the mathematics classroom. After establishing 

how the mathematics classroom functioned as a whole, I discussed my findings of the 

four participants in my study by looking at specific pieces o f their writing and discussing 

these pieces with them individually. My findings showed the use of spoken and written 

communication by the students in the mathematics as a way for the students to process 

mathematical concepts as well as their thoughts about the concepts. Chapter 5 presents a 

discussion of the conclusions of the findings of this case study and addresses implications 

for teaching and future research.



CHAPTER 5

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS

In this study, I examined the use of communication in a multiage mathematics 

classroom and the role it played in students’ conceptual understanding. I observed and 

took field notes on the entire class during mathematics instruction, and I collected and 

analyzed writing samples of my four case study participants. I then interviewed each 

participant three different times based on his or her writing samples. I labeled the 

communication in this classroom as math talk and separated the types of math talk into 

two main categories: teacher math talk and student math talk. At the beginning of my 

study, I was most interested in the use o f writing in mathematics as a means for students 

to communicate their conceptual understanding of mathematical concepts, but as I 

observed in the classroom two additional research questions emerged. The two new 

research questions served as the basis for the findings presented in Chapter 4:

2. What is the nature of students’ mathematical communication?

3. What role does students’ mathematical communication play in their 

conceptual understanding of mathematics?

This chapter begins with a discussion on spoken communication in mathematics.

I then discuss teacher questioning, teacher-led discussions, and teacher facilitation of

connections to prior knowledge. Next, I discuss written communication in mathematics.

Following that, I examine how students connect to previous experiences in writing, and
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explain and explore concepts in writing and written reflections. In the next part of the 

chapter, I address four implications for teaching: using scaffolding to aid the students’ 

writing and providing feedback on their written math talk, the use of unstructured writing 

in mathematics, and the combination of spoken and written math talk. After this section, I 

discuss the limitations of my study and, finally, implications for further research.

Spoken Communication in Mathematics 

In my study, I found that the combination of spoken and written communication 

of the students led to their clearest conceptual understanding in mathematics. The 

teachers in this classroom played a role in facilitating spoken and written math talk to aid 

students in conceptual understanding. Both Mr. Moss and Mrs. Stevens considered 

themselves to be constructivist teachers and subscribed to the idea that students need to 

be in control of their own learning. Mr. Moss and Mrs. Stevens’ views on how students 

learn aligned with the beliefs of Ertmer and Newby (1993), who perceived students as 

active participants in their learning process. Vygotsky (1962/2012) elaborated upon this 

idea of active learning by asserting that words are necessary for construction of concepts. 

These combined philosophies of student learning were evident in Mr. Moss and Mrs. 

Stevens’ classroom where students took charge of their own learning using spoken and 

written communication. The use of questioning by Mr. Moss and Mrs. Stevens prompted 

students to verbalize their ideas and conceptual understanding aloud.

Teacher Questioning

Using Halliday’s (2003) Seven Functions of Oral Language as a framework for 

coding and analyzing the types of talk students were using in the mathematics classroom,
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my results showed that the students utilized the representational function the most. It was 

not surprising to me that this was the predominant function for the students in their 

spoken communication because the purpose of the representational function is to explain 

or communicate one’s ideas (Halliday, 2003). In a classroom where the teachers’ 

primary language function was heuristic, it made sense that the students responded using 

the representational function.

NCTM (2000) acknowledges questioning as one way for teachers to aid students 

in expressing the content that they wish to learn. In this study, the teachers used 

questioning as a way of preparing students for further learning. For example, the teachers 

guided the students in expressing what they wanted to learn when starting the 

multiplication unit. The teachers encouraged the students to talk to each other in small 

groups to generate ideas, and then the students reunited as a class to determine the 

specific content they wished to learn during their multiplication unit.

In accordance with Franke et al.’s (2009) findings that numerous questioning was 

necessary to obtain information regarding students’ ideas and mathematical strategies,

Mr. Moss and Mrs. Stevens’ often asked multiple questions to stimulate students to 

elaborate on their thoughts. For example, Mrs. Stevens wrote the following questions on 

the Smartboard:

1. What is a multiple?

2. What are Multiples of 12?

3. Do you agree that 24 is a multiple of 12?

4. Is 24 a multiple of 2,12, and 4?
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5. Is every number a multiple of 1 ?

The result of these multiple questions was a classroom discussion about what constitutes 

the definition of a multiple; however, Mrs. Stevens accomplished this by asking a variety 

o f questions aimed at the same concept. Most likely, some students would have been 

able to answer the first question without a problem, whereas others needed the extra 

questions to help make sense of their mathematical thoughts.

Teacher-Led Discussions

In this classroom, teacher questioning usually led to a larger classroom 

discussion. The NCTM (2000) stated that it is the teacher’s responsibility to help 

students acquire mathematical language so that they may accurately describe objects and 

explain mathematical concepts. In the previous example about understanding the concept 

of a multiple, the teachers engaged the students in answering the questions in small 

groups, and then the class came together as one to discuss the concept. This format is 

also the way that the students decided what concepts they wished to learn in their unit on 

multiplication.

Mercer (2008) found the use of question-and-answer sequences guided students in 

developing understanding. In a similar fashion, Mrs. Stevens developed understanding in 

her students through questioning, small group discussions, peer talk, and large group 

discussions, followed by further conceptual explorations of a multiple in a subsequent 

activity. The activity allowed the students to move at their own pace in exploring 

different multiples from 1-100 and, in the process of working on their own, stopping at 

times to discuss different ideas about the concept of a multiple with their peers. When
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looking at the pattern that emerged from circling the multiples of three, Ella said, “I see a 

diagonal with the threes because it is an odd number.” The class had previously explored 

the multiples of two (an even number) and found that they created straight lines down, so 

because she understood the difference between odd and even numbers, Ella was able to 

express her understanding of why the multiples of three created a diagonal. The large 

class discussion followed by an activity that facilitated peer talk aligns with NCTM’s 

(2000) communication standard expressing the importance o f spoken communication in 

the mathematics classroom because it challenges students thinking and reasoning. 

Connecting to Prior Knowledge

Questioning and classroom discussions are a way to help students make 

connections to previously learned concepts (NCTM, 2000). Mr. Moss and Mrs. Stevens’ 

typically began new mathematics lessons by requiring students to connect to previously 

learned concepts, which also included connecting other content areas to what the students 

were currently learning in mathematics. For instance, the students were working on a 

bowling ball experiment in science where they had to determine how much work it would 

take to lift differently sized bowling balls from the ground to the top of a 16-foot balcony. 

Mr. Moss and Mrs. Stevens allowed the students to elaborate on and create their own 

experiment based on the formula work= force x distance. This formula for energy was a 

multiplication problem, which is what the students were learning in mathematics, and the 

idea of energy was what the students were studying in science. Allowing the students to 

create their own experiment based on the formula for energy is an example of Vygotsky’s
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(1962/2012) concept formation. Concept formation can only occur as a change in a 

child’s thoughts when the child is able to synthesize abstract ideas.

Written Communication in Mathematics 

Speaking one’s thoughts aloud is a way to synthesize abstract ideas; writing is 

another method. The use of writing in a content area is not a new concept, but it has 

gained attention with implementation of the Common Core State Standards, which 

focuses on writing in all content areas (NGA Center, 2010). Writing was an important 

form of communication in Mr. Moss and Mrs. Steven’s classroom. Every math lesson 

began with the students grabbing their math notebooks, divided into three sections: work, 

notes, and reflections. The students utilized their math notebooks to work specific 

problems, take notes on new concepts, and reflect on various mathematics activities, 

lessons or concepts. As the students were encouraged to share their thoughts aloud, they 

were equally encouraged to share them in writing. Mr. Moss and Mrs. Stevens’ used 

writing in their mathematics classroom as a way for students to express their thoughts and 

understanding of mathematical concepts in a nonthreatening way by instructing them to 

write whatever and however they wanted. The four participants in my case study 

illustrate how students used writing in mathematics to express how previous experiences 

helped them understand new concepts, explain and explore concepts previously taught, 

and record their reflections about a particular activity or lesson.

Connecting to Previous Experiences

Using one’s previous experience and connecting it to new information is a way to 

create new understanding (Craik (1943/2010), and writing is an active approach to
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learning that allows students to connect what they are learning to what they have 

previously learned (Mayher, Lester, & Pradl, 1983). These concepts were evident in Mr. 

Moss and Mrs. Stevens’ practice, for the students often wrote in their math notebooks 

about previous experiences and connected them to the new mathematical concept they 

were exploring. For example, when Stacy wrote about positive and negative numbers, 

she connected her thoughts to what she had previously learned about fact families. She 

wrote, “I figured out each was a pattern and a fact family.” She added the numeric fact 

family to show what she was talking about with positive and negative numbers also being 

fact families. In her writing, Cara connected multiplication with division and expressed 

that she understood that division was the opposite of multiplication. After solving a 

multiplication problem incorrectly, Cam wrote that she checked her work “with 

division.” Both Stacy and Cara possessed previous mathematical knowledge that allowed 

them to connect to the current concept they were learning.

Explaining and Exploring Concepts in Writing

Grossman, Smith, and Miller (1993) said, “A student’s ability to explain concepts 

in writing is related to the ability to comprehend and apply mathematical concepts” (p. 4) 

All four of my case study participants used their writing to explain and explore 

mathematical concepts. In writing about the Garden Math activity she did in class, Stacy 

wrote,” The area is 98 square feet. If the plants need 1 ft. to grow and we have half the 

garden we can plant 49 plants.” In just those two sentences, Stacy explained the math 

problem and explored the idea of area. Stacy applied what she knew about area and what 

it means to cut a number in half. She understood that half of 98 equals 49 and that each
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plant was equal to one foot. In this instance, Stacy explained in writing her ability to 

comprehend and apply mathematical concepts.

Nadia was able to explain and explore the idea of time in her writing when the 

teacher asked students to reflect on how they use division in their lives. Nadia wrote, “I 

also can divide time within a year like it has well it starts out like this = 1 year goes into 

365 day that equals to 12 months which has 52 weeks and 7 days in each week.” Nadia 

explored and explained the idea of time in terms of days, weeks, months, and years and 

understood the proper way to divide this measure of time. She was able to do the same 

with dividing a dollar when she wrote, “goes into 4 quarter, 10 dimes, 20 nickles, 100 

pennies, 1 dollar coin or with many a variety 2 quarter 2 dines, I nickle and 25 pennie.” 

The fact that she did not just break the dollar into how each coin could represent the 

dollar, but mixed the coins together, shows that she had an understanding of the monetary 

value of the coins and that they can be mixed-and-matched to come up with different 

amounts to equal a dollar. The teachers also encouraged students to reflect on the daily 

activity or concept in their reflection section of their math notebooks.

Written Reflections

Kostos and Shin (2010) explained that math notebooks were a nonthreatening 

way for students to demonstrate their knowledge without the fear of embarrassment that 

might come with sharing ones ideas aloud. Mr. Moss and Mrs. Stevens made sure to 

provide a nonthreatening way for their students to express their thoughts, through written 

reflection. They told students, “Write what you think. There is no wrong way to do this 

because it is your thoughts. You’re thinking on the page.” The findings revealed that



173

three of the four case study participants felt comfortable reflecting on their thoughts.

Jalen expressed his enjoyment about the number line activity by writing, “I like doing it 

[the number line activity] because it was outside and another thing is it is a great way of 

learning.” These sentences have nothing to do with the actual mathematical concept, but 

how Jalen felt about the activity and why he felt that way. Jalen went on to write, 

“Instead of a teacher telling you too do a work sheet or showing you and you don’t get to 

write anything down. It was fun doing it with a partner and I like working with partners.” 

Jalen was sharing his thoughts on what made this activity enjoyable for him, which 

included being outside, not being told what to do by the teacher, and working with a 

partner.

Cara reflected on her thoughts about the number-line lesson as well and expressed 

some different opinions than Jalen. Cara wrote, “I figured out answered other problems, 

but it got boring ’cause all I did was walk backwards and walk forwards, so I did 

backwards bunny hops.” Cara felt comfortable enough to write that she thought the 

activity was boring in her notebook, which most likely would not have been something 

she would have felt comfortable doing orally. In the same piece she also expressed how 

she felt about her partner for this activity by writing, “John is driving me crazy.” Again, 

Mr. Moss and Mrs. Stevens taught the students that their math notebooks were a place 

where they could write whatever they were thinking.

Nadia reflected on how she felt using the different methods for multiplication, 

expressing her preference for the lattice method. She wrote, “I feel like I know them 

[methods for multiplication] but I don’t really do them. Because I like lattice more even
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though you need to set up more than any other stratigie.” Nadia was able to explore all 

three methods of multiplication and then state that she enjoyed lattice method more than 

the other methods. When referring to Halliday’s (2003) seven functions o f oral language, 

it is not surprising that the students’ writing in mathematics relied heavily on 

representational and personal. The students used the representational function when they 

wrote about the mathematical concepts and their understanding, and they used the 

personal function when they reflected in their notebooks.

Mathematical Communication and Concept Formation 

The use of spoken and written communication in Mr. Moss and Mrs. Stevens’ 

classroom provided students the best opportunity for concept formation to occur. 

Vygotsky (1962/2012) stated, “Learning to direct one’s own mental processes with the 

aid o f words or signs is an integral part of the process o f concept formation” (p. 116).

The fact that the students received the opportunity to communicate with their teachers, 

peers, and even themselves during mathematical instruction allowed students to direct 

their own mental processes in order to form mathematical concepts. Concept formation 

in mathematics came from the combination of the context for the math talk and the math 

talk itself.

Concept formation will not occur at the same rate for all students. A student’s 

mental development needs to be at the “requisite level” (Vygotsky, 1962/2012, p. 158) in 

order for concept formation to occur. Mr. Moss and Mrs. Stevens gave their students 

multiple opportunities to explore concepts through communication, allowing each student 

to function at his or her mental level. Some students easily processed new information as
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they connected it to prior mathematical concepts, whereas other students experienced 

difficulty grasping and forming new concepts. However, once students acquire these new 

concepts, the students incorporate them into their thinking. According to Vygotsky 

(1962/2012),

It gradually spreads to the older concepts as they are drawn into the intellectual 

operation of the higher type. The work of the child’s thought embodied in earlier 

generalizations was not wasted; it is superseded, i.e., saved as a necessary premise 

for the higher intellectual activity, (p. 215)

Mr. Moss and Mrs. Stevens, by promoting and utilizing spoken and written 

communication in the mathematics classroom, ensured the preparation of their students to 

form and understand mathematical concepts; however, the formation of mathematical 

concepts could only occur if the students were mentally prepared to change their lens of 

thought.

Implications for Teaching 

The results of my study provided valuable insight into implications for teaching 

mathematics. In this classroom, students were encouraged to write daily in their math 

notebooks without worrying about anything other than putting their thoughts on paper; 

however, the teachers gave little to no guidance or scaffolding in terms of what this 

written math talk might look like. Way wood (1992) explained that it was important for 

students to have a clear understanding of why they kept journals in mathematics, and one 

way the students might have had a clearer understanding of the purpose of their own 

math notebooks might have been if the teachers had provided more scaffolding. The
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scaffolding might have been a way for the students to see what written math talk might 

have looked like in the teachers’ own math notebooks. It is possible that some of the 

students who were not as comfortable with the freedom allotted in their written math talk 

might have been able to utilize their notebooks more effectively for concept formation 

with the aid of scaffolding.

Another implication involves actual collection and reading of students’ written 

math talk in their notebooks. In this classroom, the teachers did not take up and read the 

students notebooks for the sole purpose of providing written feedback. Collection of the 

students math notebooks, even somewhat infrequently, in order to provide students 

written feedback in their notebooks might be another way to help students further their 

mathematical thinking and in turn concept formation.

Another implication is that non-structured writing in mathematics is a process that 

aids concept formation. In this classroom, the students were able to write freely without 

adherence to structure or form in order to find their own ways of expressing their 

thinking mathematically. Mayher, Lester and Pradl (1983) found that writing involved 

choice in language and in doing so demands that students find their own words to express 

their thinking. The students in Mr. Moss and Mrs. Stevens’ classroom were given the 

opportunity to use their own inner voices and write these thoughts on paper. It was 

through these chances to write freely that many students were able to form mathematical 

concepts. Students need to be given the chance to write freely as well as in a more 

structured and facilitated way, in mathematics to aid concept formation.
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There is also the implication that math talk should occur through speaking and 

writing in the mathematics classroom. The students in Mr. Moss and Mrs. Stevens’ class 

had the ability to express themselves by speaking and in writing. The fact that students 

were able to find the way that worked best for them to express their mathematical 

understanding meant that the students were able to learn and reflect in the way which 

worked best for them. Some students may not have been completely comfortable 

speaking in the class discussions or even peer discussions, which is why the writing was 

such an important part to their learning processes, whereas the opposite might have been 

true for other students. As Mason and Boscolo (2000) expressed it, students need to be 

able to think in their own language and then be able to reflect and reason on their 

thoughts in writing. Mr. Moss and Mrs. Stevens, provided this opportunity to their 

students as they learned new mathematical concepts.

Limitations of the Study

One of the biggest limitations of my study was that the setting was a private 

school. Private schools do not have to follow the curriculum mandates, testing schedules, 

or other structures that public schools follow. Therefore, the findings may not be a clear 

picture of how teachers utilize spoken and written communication in the mathematics 

classrooms in other settings. If I conducted the same study in a fourth or fifth-grade 

classroom in a public school, I am not sure it would yield the same results.

Another setting-related limitation of my study was that the class I observed was a 

multiage classroom. The fifth-graders in the class were in their second year with the 

same two teachers, so they possessed knowledge of Mr. Moss and Mrs. Stevens’
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procedures and expectations in terms of the climate of the classroom. Therefore, the 

fifth-grade students held at a slight advantage with speaking and writing in mathematics 

over the fourth graders who were still learning about how the dynamics worked.

The inability to observe and listen to all of the small group and partner talk in the 

classroom was also a limitation. As I was observing the class as a whole and taking field 

notes of the broad picture of the mathematics classroom, I may have missed valuable 

conversations that students were having in their small group discussions. If I had been 

able to observe or record the small group/peer discussions, I might have gathered more 

information on the types of talk that the students used with each other and ascertained 

any differences from the talk occurring in the larger class discussions. Such data might 

have possibly enhanced the findings and provided greater insight regarding the role of 

student communication in mathematical understanding.

Another limitation to my study involved the selection of participants. As part of 

my criteria for choosing case study participants, I ensured that I chose students who were 

writing at a level that was going to be readable for me as the researcher. Thus, I did not 

choose struggling writers for my study. One of my case study participants did have a 

psychological plan for helping with her writing, but her writing was readable; therefore, I 

chose her for my study. However, I eliminated another student in the class who was 

unable to write unless he typed on a computer, or he would just refuse to write. By 

excluding students whose writing was illegible or incomprehensible, I eliminated 

possible valuable data that might have come from talking with this student. My results
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might have been different if I had included students who were struggling or reluctant 

writers.

Finally, not interviewing the teachers about their purpose and intention for 

utilizing math notebooks posed another limitation of my study, for I was not able to 

include their thoughts in my data analysis. Although I did interview the teachers about 

their teaching philosophies and teaching history, I did not specifically inquire into the 

reasons and rationales for their process of incorporating student math notebooks. 

Soliciting these reasons might have given me a better understanding as to why the 

students had such freedom in their writing and why the teachers did not collect or 

comment on the students written work.

Recommendations for Future Research

In conducting my case study on the role of student communication in 

mathematical understanding, I noticed other ideas that could be studied in future research. 

These areas might provide valuable information as to the role that student communication 

plays in mathematical understanding that this study did not address. The following is a 

list of suggestions for future research:

•  Researchers might investigate peer conversations in depth, whether it occurs 

among partners or in small groups, in order to differentiate the type of talk 

occurring in small groups versus large class discussions and student writing;

• Currently, public schools are utilizing the Common Core State Standards that 

focus on communication in all content areas. However, implementation and 

professional learning of the CCSS is recent, and it would be interesting to
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conduct an investigation in a public school to determine if public school 

teachers are able to allow students the freedom in learning observed in the 

private school setting of this study.

• Based on my findings, the teachers asked questions more frequently than the 

students did. Determining the reasons teachers ask more questions than the 

students ask and if this affects the students’ understanding of mathematical 

concepts would be valuable in terms of understanding how questioning by 

both the teachers and students aids communication.

• Future research might include students who were struggling writers or 

uncomfortable sharing their thoughts aloud to ascertain how this would 

change the results of the types of concept formation that occurred, or if 

concept formation occurred at all.

•  Researchers might be interested in looking further into Halliday’s research on 

the seven functions of oral language to see if the functions translated into the 

written talk that the students used. For example, did the classroom talk 

facilitate the type o f written talk the students were using?

•  Further investigation of the potential of using feedback on students written 

math talk to change or enhance the content of the students’ writing is 

necessary. In this classroom, written feedback was not used, so it would be 

interesting to conduct an investigation in which students are provided with 

written feedback on their writing to determine if and how the inclusion of 

feedback changes the students’ thoughts or conceptual formation.
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Conclusion: The Role of Student Communication in Understanding Mathematics 

My case study began by focusing on the use of writing in mathematics to help 

students understand mathematical concepts, but I quickly noticed that the combination of 

spoken communication and written communication aided students’ understanding. By 

having the ability to express themselves through speaking and writing, the students were 

free to express themselves in more than one way. I discovered that some students felt 

more comfortable speaking about mathematical concepts, others felt more comfortable 

with writing, and many students were equally comfortable with both methods. 

Communication is a process in which one makes his or her thoughts known, and this can 

be accomplished by speaking or writing about those thoughts. Mr. Moss and Mrs.

Stevens gave their students every opportunity to make sense o f mathematical concepts by 

encouraging students to talk about the concepts as well as write about them.

When I was in elementary school, teachers did not give me a choice of how to 

communicate my mathematical knowledge. They told me to answer a number of 

problems from a textbook page, and the answers were either right or wrong. There was 

no discussion of the concept of multiplication, or fractions, or measurement. I remember 

experiencing the frustration of not being able to express that I did have an understanding 

of the concept, but maybe I was not following the steps or formula correctly. Mr. Moss 

and Mrs. Stevens’ students will likely never know this frustration because they are 

encouraged to share their thoughts by speaking or writing about them.
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Tift College of Education

Informed Consent
Writing to Learn in Constructing Conceptual Understanding in Mathematics

Your child is being asked to participate in a research study. Before you give your consent to volunteer 
your child, it is important that you read the following information and ask as many questions as 
necessary to be sure you understand what your child will be asked to do.

Investigators
Samara Zeigcr, a doctoral student attending Mercer University in Atlanta, GA, working toward her 
completion of a doctorate in Curriculum and Instruction, will be conducting a qualitative research study 
examining how fifth-grade students use writing to lcam in constructing conceptual understanding in 
mathematics.

Dr. Jane West, a faculty member at Mercer University in Atlanta. GA, is the faculty advisor for this

Purpose of the Research
This research study is designed to examine the use of writing to learn in constructing conceptual 
understanding in mathematics.

Your child is being asked to participate in this study because he/she is a fourth or fifth-grade student in

if you choose to allow your child to volunteer to participate in this study hc/shc will be asked to provide 
writing samples that would already be a part o f his/her classroom work, be willing to answer questions 
about his/her writing in mathematics, and take part in an interv iew about his/her thought processes when 
writing in mathematics. The interviews will be audio-recorded and video recorded.

Potential Risks or Discomforts
Participation in this study is strictly voluntary’, and will involve no potential risk or harm to your child. 
You arc free to not have your child take part in this study or stop taking part at any time. Your child 
may refuse to answer any of the questions asked in the interview.

If at any time you wish to withdraw from die study please contact Samara Zeigcr at 404-771 -7499 or Dr. 
Jane West at 678-547-6385.

Potential Benefits of the Research
There is no guarantee that your child will benefit from participation in this study, however, your 
willingness to allow your child to take part in this study will aid the researcher in understanding how the 
use o f writing to leam aids in constructing conceptual understanding in mathematics.

study.

classroom  during the tim e o f  m athem atics instruction.
Procedures

til**#
ijaala&cr
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Confidentiality and Data Storage
All information gathered from the study will be held in the strictest confidence and will be stored in a 
locked file box in the researcher’s home. The researcher will be the only individual vvith access to the 
information gathered from the interview. Each participant will be provided a non-idcnti liable 
pseudonym. Once the interviews have been transcribed the data will be stored for at least three years 
before being destroyed.

Audio or Video Tanine
The study will be audio and video-taped, which will later be transcribed by the researcher. Each 
participant will be given a pseudonym in this study.

Signature of Parent or Guardian of participant Date

Participant Name (Child's name Please Print) Date

Signature of Person Obtaining Consent Date

Rev. 7/I7/20W
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Till College of Education

Letter of Assent
Writing to Learn in Constructing Conceptual Understanding in Mathematics

You are being asked to participate in a research study. Before you give your consent to 
volunteer, it is important that you read the following information and ask as many questions 
as necessary to be sure you understand what you will be asked to do.

You are bcinu asked to participate in this research study because you are a fourth or lifth-itrade

student in c la ss . B y  sign in g  th is docum en t you  are agreeing  io  a llow

the researcher to use your writing samples produced during mathematics instruction or having to 
do with mathematical thinking. You are also agreeing to be audio and video taped about your 
thought processes during writing in mathematics. Participating in this study will not affect your 
grade and is strictly voluntary.

I  _______________________   agree to participate in the study entitled
(Print Name)

Writing to Learn in Constructing Conceptual Understanding in Mathematics.

Participant Signature Date

Signature of Person Obtaining Consent Date
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U N I V E R S I T Y
H it College o f Education 

Informed Consent
Writing to Learn in Constructing Conceptual Understanding in Mathematics

You are being asked to participate in a research study. Before you give your consent to volunteer, it is 
important that you read the following information and ask as many questions as necessary to be sure 
you understand what you will be asked to do.

Investigators
Samara Zeiger, a doctoral student attending Mercer University in Atlanta, GA, working toward her 
completion o f a doctorate in Curriculum and Instruction, will be conducting a qualitative research study 
examining bow fifth-grade students use writing to learn in constructing conceptual understanding in 
mathematics.

Dr. Jane Wert, a faculty member at Mercer University in Atlanta, GA, is the faculty advisor fortius 
study.

Purpose o f the Research
This research study is designed to examine the use o f writing to learn in constructing conceptual 
understanding in mathematics.

You are being asked to participate in this research study as teachers o f fourth ami fifth grade students at
Xxxxxxxxxxxxxxx School.
Procures
If you choose to volunteer to participate in this study you will be agreeing to allow the researcher to 
observe your classroom during ail areas o f instruction (for 2 days) and specifically mathematics 
instruction for the duration o f the study. You are also agreeing to be interviewed about your thoughts, 
views, and practices of using writing in mathematics. The interview will be audio taped to be 
transcribed by the researcher. You are also agreeing to aid the researcher in picking the three student 
participants for her study.

Potential Risks or Discomforts
Participation in this study is strictly voluntary, and will involve no potential risk or harm to you. You 
arc free to not take part in this study or stop taking part at any time. You may reftise to answer any of 
the questions asked in the interview.

If at any time you wish to withdraw from foe study please contact Samara Zeiger at 404-771-7499 or Dr. 
Jane West at 678-547-6385.

fpffitffl Pmfrti ff  tlit Rmareh
There is no guarantee that you will benefit from participation in this study; however, your willingness to
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take part in this study will aid the researcher in understanding how the use of writing to leant aids in 
constructing conceptual understanding in mathematics.

Confidentiality and Data Storage
All infonnation gathered from the study will be held in the strictest confidence and will be stored in a 
locked file box in the researcher’s home. The researcher will be the only individual with access to the 
information gathered from the interview, fiach participant will be provided a non-identifiable 
pseudonym. Once the interviews have been transcribed the data will be stored for at least three years 
before being destroyed.

Audio or Video Taping
The study will be audio and video-taped, which will later be transcribed by the researcher. Each 
participant will be given a pseudonym in this study.

Signature of Participant Date

Signature of Person Obtaining Consent Date

Rev. 7/I7J2Q09
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Interview 1: Questions for Cara
Garden Math
1. What do you mean by the “complications of science?”
2. What were the calculations you were doing and then crossed out? 
Reflection-Positive and Negative Numbers
1. Why was using + and — a twist?
2. You used dividend and divisor, but aren’t those division terms?
3. Why did you write about John and what he was doing?
Reflection- Multiplication
1. Why did you use the formula work = force x distance?
2. Why did you chose partial product instead of another way?
3. How did you know it was the right answer?
4. Why do you think you don’t usually get the right answer with partial product?
5. How did you know you carried wrong?
6. Why did you keep going even when you got the right answer? 
Reflection-Partial Product
1. What method has overwhelming steps?
2. All of “what” are connected?
Why We Play Math Games
1. What is repetitive and how do you zone out?
2. What has stuck in your head because of playing math games?

Interview 1: Questions for Jalen
Garden Math
1. Talk to me about the list you made.
2. What do you mean by “some are big and some are small?”
3. What does your last bullet point mean?
4. You give the area measurement, why not the perimeter?
5. Why is this the “best way?”
Reflection-Positive and Negative Numbers
1. Why is it a great way of learning if you’re outside?
2. Do you think working with a partner helps you understand math concepts better?
3. Why if you subtract a negative number with a positive do you get a positive? 
Reflection- Multiplication
1. Why do you think Mr. Moss got an idea to do math during energy class?
2. Why traditional way?
3. Why did you enjoy this?
Reflection- Partial Products
1. Which is the confusing part?
2. What is “your way?”
Why We Play Games in Math
1. What makes it educational?
2. How do you decide your weakness to make it a strength?
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3. Why is it better that you choose instead of the teachers?
4. If not a math game, what else?

Interview 1: Questions for Nadia
Garden Math
1. What do you mean by it’s scary?
2. Where were the 96 tiles? Why do you have a question mark after 96?
3. Can you explain your drawing?
Reflection- Positive and Negative Numbers
1. Why did it work better backwards?
2. What do you mean by your second bullet point?
3. Since you weren’t there the whole time, what didn’t you understand? 
Reflection- Multiplication
1. Where did you get your factors to multiply?
2. You feel like you know “what” but don’t really use them?
3. Why do you like lattice more if it is more work?
Why We Play Math Games
1. What do you mean by freedom in all learning?
2. What do you consider “hard stuff?”
3. If you’re studying multiplication why would you play geometry or addition and 
subtraction games?

Interview 1: Questions for Stacy
Garden Math
1. What’s a quadrangle?
2. How did you figure out the perimeter?
3. How did you figure out the area?
4. How did you come up with 49 plants?
Reflection-Positive and Negative Numbers
1. What was a pattern and fact family?
2. Why is 25-5 hard? How did you make it easier by doing -14+16 =12?
3. Why can you do 16-4 and still get the same answer?
Why We Play Math Games
1. Why don’t you know why you play math games?
2. Can you play these games at school or do you play them at home?
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Interview 2: Questions for Cara 
(Based on what she wrote for conference prep)

1. You listed prime and composite and after it you wrote “first time.” What did you 
mean? That you understood prime and composite numbers the first time?
2. So, it was like the first time you got it, it clicked with you?
3. With bike math you say, I realize math and science are connected. Is there any other 
time other than bike math that you realized that math and science were connected?
4. Why do you think it’s such a success for you guys when you are able to do real-world 
math?
5. You like dividing by one digit?
6. What is it about area and perimeter that is so challenging to you?
7. Why is homework a challenge?

Interview 2: Questions for Jalen 
(Based on what he wrote for conference prep)

1. Do you think that the fact that Garden Math was real-world math made it be more of a 
success for you, than if it had been something that you were just doing as a project or on 
a piece o f paper?
2. What was it about being able to do it for real that you think helped make it successful 
for you?
3 .1 noticed that with your successes it seems like those were more real-world and then 
when you looked at your challenges those were the ones that seemed a bit more 
confusing.
4. You said a challenge for you is doing homework in math. What are you thinking you 
might do to help meet this goal?

Interview 2: Questions for Nadia 
(Based on what she wrote for conference prep)

1. What is about homework and Dynamath that make them successes for you?
2. What do you like about it (Dynamath)?
3. What makes it (11 and 12 multiplication facts) difficult?
4. So even though it takes longer is it really a challenge?
5. Why do you think taking notes is helpful to you?

Interview 2: Questions for Stacy 
(Based on what she wrote for conference prep)

1. You said that your successes were multiplication, cause you feel way more confident 
about it. So what is it that helped you feel more confident?
2. So you had a strategy now, whereas last year...?
3. Is it important for something to be successful for you that you feel like there’s some 
sort of fun in it as opposed to just doing it?
4. So these two the standard multiplication and partial product you said are just confusing 
to you?
5. Where would you put long division now? Is it still a challenge?
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Interview 3
(The same questions were asked to all four case study participants)

1. Why do you write in math? What is the purpose?
2. Had you ever written in math before being in Mr. Moss and Mrs. Stevens’ class?
3. What do you get out o f writing in math? Does it help you learn or understand 
concepts?
4. What type of writing in math do you prefer and why?
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Type
(INT,
FN,
SW)

P
#

Line
#

Transcribed Text Function of 
Language

FN
Oct. 15

6 1-2 Mr. Moss and Mrs. Stevens are conversing about 
what exactly they want to do for math in terms of 
multiplication and using information from their field 
trip to Morgan Falls

Interactional

FN
Oct. 15

6 3 MULTIPLICATION is on the smart board Representational

FN
Oct. 15

6 9-11 Kids begin to shout out different ideas:
Lattice, partial product, repeated addition, symbols, 
zero property, exponents

Interactional

FN
Oct. 15

6 12-
13

Mrs. Stevens writes on the chart W hat do we want 
to learn/practice more about in multiplication?

Heuristic

FN
Oct. 15

6 14-
15

Mrs. Stevens asks the students to turn to the next 
page after their “what do you think you know” page 
and make a list of what they want to learn.

Heuristic

FN
Oct. 15

6 18-
19

Mrs. Stevens asks students to turn and share some 
things they want to learn more about from their list 
with someone near them.

Interactional
Heuristic

FN 6 20- As a class the following list is created from student Representational
Oct. 15 7 22

1-7
suggestions: 1. Multiplying large calculations 2. 
Methods of multiplication (partial product, 
traditional, lattice, horizontal) 3.strategies to attack 
and solve (lattice, mult, table) 4. Negative numbers 
5. Exponents (powers, sq. roots, squaring, cubing 6. 
Ways to show/model (arrays...what else?) 7. 
Properties o f mult. 8. Real world math with 
multiplication 9. Finding joy

Interactional

FN
Oct. 15

7 8-10 .. .one girl stated this aloud to the class by saying 
that students are at different comfort levels with 
multiplication

Representational
Personal

FN
Oct. 15

7 12-
16

There is a quick review of the three ways to do mult, 
and the students are asked to either do what they are 
comfortable with or tiy a new method. Mrs. Stevens 
starts by going over partial product and has the 
students help her define what this means on the 
white board- smaller part than the whole thing, 
smaller parts to answer multiplication

Representational
Interactional

FN
Oct. 15

7 18 Example of partial product is worked on the smart 
board

Representational

FN
Oct. 15

8 3-4 Mrs. Stevens writes Work= Force x Distance on the 
board to remind them of their energy formula

Representational
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FN
Oct. 15

8 5-8 The class decided to go outside like they had done 
yesterday and take a tape measure to measure the 
distance from the balcony where they had dropped 
bowling balls the day before to find the distance 
needed to see how much work it would take to list 
different sized bowling balls up the balcony.

Instrumental

FN
Oct. 15

8 11-
12

Tape measure was lowered down and it came to 
about 15 feet 5 inches so the class decided to round 
to 16 feet

Representational

FN
Oct. 15

8 12-
13

While on the balcony Mr. Moss asked what other 
math problem they could come up with using the 
same formula?

Heuristic

FN
Oct. 15

8 13-
14

A few students said “how much work it would take 
to lift Jalen?”

Interactional
Heuristic

FN
Oct. 15

8 14-
16

And Mr. Moss said, basically we have 20 different 
math problems if you all used your weight to see 
how much work it would take to lift you up the 
balcony.

Representational

FN
Oct. 15

8 17-
19

The students came inside and got out their science 
notebooks and then were asked to figure out how 
much work it would take to lift themselves up to the 
balcony?

Heuristic

FN
Oct. 15

9 9 Mrs. Stevens asked a student how much he weighed Heuristic

FN
Oct. 15

9 lO-
l l

. . .wrote this on the board and as a class they worked 
out how much work it would take to lift him only 
three feet off the ground instead of 16.

Interactional
Representational

FN
Oct. 15

9 12-
14

While doing the problem on the board for an 
example of partial product Mrs. Stevens made a 
computation error and used this as an opportunity to 
show the students that errors can and will occur in 
math.

Personal
Representational

FN
Oct. 15

9 16 Mrs. Stevens uses the word binomial and asks if 
anyone knows what that means?

Heuristic

FN
Oct. 15

9 17-
18

.. .student says “a bicycle has two wheels. Bi means 
two. Binomial means two numbers.”

Representational

FN
Oct. 15

9 19-
20

Mrs. Stevens asks the students to turn to their 
reflection sections and write about what they did 
today during math. Talk through math products. Do 
thinking on page for 10 minutes.

Regulatory

FN
Oct. 15

9 21-
22

One student asked for help talking through his 
thoughts because he doesn’t feel comfortable or 
good at writing about math problems.

Personal

FN
Oct. 16

1 8-11 Mrs. Stevens asked what they talked about 
yesterday and the students said:
What we want to learn
Partial product- sometimes you need to go back and 
practice because you can get confused in your own

Heuristic
Representational
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math thinking
FN
Oct. 16

1 14 Mrs. Stevens tells a student to repeat what she has 
been saying in her own words.

Representational

FN
Oct. 16

1 14-
18

She then asks the class as a whole: What is 
multiplication? Students reply:
Faster
Repeated Addition
Repeated Multiplication is exponents

Heuristic
Representational

FN
Oct. 16

2 6-13 Students read the definitions they found in the 
various texts and began to create a semblance o f a 
class definition on the white board. They made a 
list o f things that needed to be included in the 
definition: repeated addition, inverse of division, 
groups of, it’s a process, factor x factor = product.

Interactional
Representational

FN
Oct. 16

2 14 Mr. Moss says which definition he likes best of the 
ones they’ve read outloud.

Instrumental

FN
Oct. 16

2 15-
16

Jason says “a process where one factor tells you 
how many of the other facts to add together to create 
a product.”

Representational

FN
Oct. 16

2 17-
18

Cara says “a process where one number indicates 
how many times the number is to be added to itself 
to gain a product.”

Representational

FN
Oct. 16

2 19-
20

Other students share their definitions. Mrs. Stevens 
tells all the students to create their own definition 
and then they will share this with the group to come 
up with a class def.

Personal
Representational

FN
Oct. 16

2 22-
23

Mrs. Stevens asks if there is a difference between 
revealing, creating, or equaling? One student says, 
well, it reveals the product to you.

Heuristic
Representational

FN
Oct. 16

2 24-
25

Mrs. Stevens asks, “is it important to come up with 
the same definition? Or should you have a definition 
that you understand?”

Heuristic

\FN 
Oct. 16

3 1 Jason suggests putting all definitions together to 
come up with a central definition.

Instrumental

FN
Oct. 16

3 2-3 Stacy says they should have more than one 
definition so they have a back up o f needed (like in 
the dictionary)

Instrumental

FN
Oct. 16

3 9-10 They use the example again of lifting something up 
the balcony to keep in line with their science 
inquiry. They decide to use Mr. Moss as their 
object.

Representational

FN
Oct. 16

3 12-
13

She asks those students who need help to raise their 
hands.

Heuristic

FN
Oct. 16

3 16 Stacy asks for help with partial product. Personal

FN
Oct. 16

4 1-2 Students are told to write one sentence under their 
work about lattice method.

Representational
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FN
Oct. 17

4 14-
17

Mr. Moss says how happy he is that so many people 
turned in their homework and then explains there 
are different reasons for homework to be assigned: 1. 
practice/automatic
2. take it home and see if you can do it at home on 
your own

Instrumental
Regulatory

FN
Oct. 17

4 18-
21

He says homework is a good way to see where 
you’re getting confused and you can write any 
questions you might have right on your homework. 
Also, whenever homework is given they will go 
over it the next day so that if you have questions 
they can be answered or if  not too many people have 
questions can be answered 1-on-l

Regulatory

FN
Oct. 17

5 1 Mr. Moss asks if anyone has questions? A few 
students raise their hand.

Heuristic

FN
Oct. 17

5 1-2 A student said she got confused because she got two 
different answers when she did lattice and partial 
product.

Personal

FN
Oct. 17

5 2-4 Mr. Moss does the problem on the board both ways 
to help her see where she might have made her 
mistake.

Regulatory

FN
Oct. 17

5 6 Mr. Moss asks if there are any other questions and 
Melanie says she still doesn’t get partial product.

Heuristic
Personal

FN
Oct. 17

5 7-8 Mrs. Stevens asks if anyone wants to learn the 
standard algorithm? A few students raise their hands 
and say yes.

Instrumental

FN
Oct. 17

5 8 She goes over a sample problem on the board. Regulatory

FN
Oct. 17

5 15-
17

Mrs. Stevens says that standard algorithm combines 
steps unlike partial product. Looking at partial 
product side by side with standard she shows the 
students how there are different ways to get the 
same answer.

Regulatory

FN
Oct. 17

5 22-
23

Mrs. Stevens points to a small table at the side of the 
room and says she will be practicing lattice for any 
of those students who need help with this.

Regulatory

FN
Oct. 17

6 1-2 Mrs. Stevens asks Seth to help Stacy with the 
standard method because she is having difficulty 
and then she directs the other students to use 
whichever method they are most comfortable with.

Regulatory

FN
Oct. 17

6 3-7 Mrs. Stevens uses the table top as a white board 
with dry erase markers and has the three girls sit 
next to her around the table. She places a problem 
on the table and walks the girls through the lattice 
method step by step. Mrs. Stevens goes over all 
three methods to show that they will arrive at the 
same answer using each method.

Regulatory
Representational

FN 6 9-10 Cara says you can even draw a picture to find the Representational
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Oct. 17 answer, but finds as she starts to draw 25 circles 
with 31 dots in each circle how time consuming this 
would be.

FN
Oct. 17

6 16-
18

Cara does a nice job and is able to show her work 
and get the correct answer. Mrs. Stevens tells her to 
go back to her notebook and write a reflection on 
which method she likes best and why. She then asks 
Maria to do the same.

Regulatory

FN
Oct. 17

6 22-
23

Mrs. Stevens takes her step by step through the 
process again making a list o f what to do first, 
second, etc. and they go through how to find the 
answer once again.

Representational

FN
Oct. 22

3 20 “How does this relate to the math with the pumpkin 
from earlier?”

Heuristic

FN
Oct. 22

4 3-4 Mrs. Stevens pulls up a drawing with some 
questions from math workshop earlier and the 
question says “what do we need to know to find out 
how much energy there will be at impact?”

Representational
Heuristic

FN
Oct. 22

4 8 Mr. Moss asks if anything will happen to the 
concrete by dropping the pumpkin?

Heuristic

FN
Oct. 22

4 13-
14

“How much energy (work) will happen when we 
drop the pumpkin off our deck?”

Heuristic

FN
Oct. 22

4 13-
20

The students are asked to talk with their groups and 
come up with inquiry questions. They come up with

What would happen to the pumpkin?
How much damage?
How fast was the pumpkin traveling?
What if the pumpkin is rotten?

Interactional
Heuristic

FN
Oct. 22

4 21 Mr. Moss asks if there is a formula to find out GPE 
(Gravitational Potential Energy?)

Heuristic

FN
Oct. 22

5 1-2 By using the formula GPE = Force (weight) x 
height, how much energy would be used in dropping 
a 40 lb. pumpkin from 16 feet?

Heuristic

FN
Oct. 23

1 3-4 Mrs. Stevens asks the students to think about if they 
are in a place where they can work and then asks 
how it went with homework last night?

Instrumental
Heuristic

FN
Oct. 23

1 8-10 In going over the problem together the idea of 
commutative property came up because in doing the 
problem vertically Roger wasn’t sure if  he should 
put the 16 on the top or bottom o f the 65.

Interactional

FN
Oct. 23

1 11 Mrs. Stevens asked if the commutative property 
works for addition why does it also work for mult?

Heuristic

FN
Oct. 23

1 12-
15

Mrs. Stevens then calls on five students to come to 
her and get an index card that has either a 5, 3, X, =, 
or 15 on it. She asks them to make a number 
sentence that is correct. The students move 
themselves so that it says 5 x 3  = 15. She then has

Representational
Heuristic
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the students who are 5 and 3 flip spots and asks the 
class if that is still correct.

FN
Oct. 23

1 15-
16

Then she asks them to write in their math journals 
whey they can switch factors around in mult, and 
still get the same answer.

Representational
Heuristic

FN
Oct. 23

1 17-
18

After a few minutes she asks some students to share 
their thoughts and if they like another student’s 
ideas they can add them to their own def.

Interactional

FN
Oct. 23

2 4-5 Mrs. Stevens asks the students to show a thumbs up 
if  they understand how to do the problem after being 
shown in three different ways?

Heuristic

FN
Oct. 23

2 10 Mrs. Stevens asks how they will be able to figure 
out just the weight o f the pumpkin?

Heuristic

FN
Oct. 23

2 lO-
l l

Maria says subtract the person’s weight, which 
means you have to weigh the person by themselves 
first.

Representational

FN
Oct. 23

2 15-
17

.. .on their own they are to estimate the weight of 
each pumpkin. Then they are to talk to their group 
and come up with an estimate as a group.

Interactional

FN
Oct. 23

3 6-7 Mrs. Stevens pulls up the chart from earlier and asks 
why would everyone seem to be getting different 
weights for the actual weight of the pumpkins?

Instrumental
Heuristic

FN
Oct. 23

3 10 He has written the weight of each pumpkin on the 
smartboard

Representational

FN
Oct. 23

3 13-
17

Filbert 3 lbs.
George 17 lbs.
Billy Bob 26 lbs.
On the board they figure out the potential energy 
each pumpkin has being dropped off the balcony.

Representational
Instrumental

FN
Oct. 24

2 4 Mrs. Stevens starts by asking what is a multiple? Heuristic

FN
Oct. 24

2 6-11 At my table I heard:
Multiple o f 10, multiple cookies, number is repeated 
over and over, multiple pads of sticky notes, 
multiple means more than one

Interactional
Representational

FN
Oct. 24

2 13,
15-
16

Written on the smart board:
What is a multiple? Multiples of 12?
Do you agree that 24 is a multiple of 12? Is 24 a 
multiple of 2,12, 4?
Is eveiy number # a multiple o f 1?

Heuristic

FN
Oct. 24

3 3-7 Mrs. Stevens says to make a color key for each time 
you circle multiples. So we will start with twos. She 
says multiples of 2 are all even and you should see a 
pattern to start to emerge. Don’t get ahead of 
yourself. When you have finished circling all 
multiples of 2 give me your eyes and we can go 
onto threes together.

Regulatory

FN 3 7-14 Talk to your group-what do you notice? Interactional
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Oct. 24 -it’s skip counting by that # 
-all even
-skip counting/down by 10s
-all evens only
-skip counting by that #
-all second # is even

Representational

FN
Oct. 24

3 18 Ellen says she sees a diagonal with the 3s because 
it’s an odd number

Representational

FN
Oct. 29

1 7-9 ... I heard some say that they didn’t know how to do 
the problem they were given. Mr. Moss decided to 
go through the problem on the smart board.

Personal

FN
Oct. 29

1 lO-
l l

He said that 11/3 was going to tell us the speed of 
what? (They were looking for the speed of the 
rollercoaster that the students created from a kit)

Heuristic

FN
Oct. 29

1 14 Mr. Moss wrote on the smart board: Velocity 
(speed) = Distance/Time

Representational

FN
Oct. 29

1 15-
16

He asked the kids how far the rollercoaster went? 
They shouted 11 feet. And in how much time? 3.18 
seconds

Heuristic
Representational

FN
Oct. 29

1 18 Mrs. Stevens asks them how they can connect 
division to mult?

Heuristic

FN
Oct. 29

1 19-
20

Bella says “division is the opposite of mult.” Mrs. 
Stevens asks for another way to say this using math 
words?

Representational
Heuristic

FN
Oct. 29

1 22 Mr. Moss showed all the different ways that 11/3 
might look on the smartboard.

Representational

FN
Oct. 29

2 12-
14

The kids talked through the answer and realized that 
11/3 = 3 2/3 feet, but they were able to use the 
drawing and figure out that 2/3 of 12 is 8 and found 
the answer o f the problem to be 3ft. 8 in/sec.

Representational

FN
Oct. 29

2 15-
17

Mr. Moss asked them to write at the bottom of this 
page in their math notebook and to think about the 
formula distance/time and why the units of measure 
are feet/sec. What do you think about that?

Heuristic

FN
Oct. 29

2 20-
21

He then says again “write what you think. What are 
your thoughts? You can’t do this wrong. It’s your 
thoughts. You’re thinking on the page.”

Regulatory

FN
Oct. 29

2
3

23
1-2

Where ever you are in your math journey that’s ok. 
Just say how you are feeling. Do the best you can. 
Write down if you’re uncomfortable, but you need 
to write something.

Regulatory

FN
Oct. 29

3 3-4 Mr. Moss says “you might not understand it all 
together, but what do you get? Write whatever you 
think.”

Regulatory

FN
Oct. 29

3 7-9 Roger says “maybe I could measure the distance 
where I fired an arrow to the target. I could figure 
out the velocity at which the arrow is traveling.” 
Bria says “feet is a measurement of distance and

Representational
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seconds are a measurement of time.”
FN
Oct. 29

3 12 Mr. Moss says “what could we measure ourselves 
doing? How about running?”

Heuristic

FN
Oct. 29

3 13 Mr. Moss says they are going to their own 
experiment and measure their speed running 40yds.

Regulatory

FN
Oct. 30

2 6-7 Mrs. Stevens says the Joker Juice blend has 3 pears 
and 1 beet, which yields 18fl oz. Predict how many 
cups with ice you think you’d get? Most kids say 3 
or 4

Heuristic
Representational

FN
Oct. 30

2 9 So how did Ellen’s mom figure out how many fruits 
and veggies to buy?

Heuristic

FN
Oct. 30

2 12-
13

Melanie comes to the smart board and writes 3 pears 
x 20 and 1 beet x 20. Mrs. Stevens tells her to look 
again

Instrumental

FN
Oct. 30

2 15-
16

Stacy goes up to the board and writes 3 x ? She then 
tries to explain what she plans to do, but it is clear 
that she is getting stuck verbalizing her thoughts. 
Then she says well, 5x4 =20.

Instrumental

FN
Oct. 30

2 21 They determine that 15 pears and 5 beets = 20 
servings, but what if we want 40 servings?

Representational
Heuristic

FN
Oct. 30

2 21-
23

Roger immediately says you double it. And they 
come up with two multiplication problems to do so. 
15 x 2= 30 pears and 5 x 2 = 1 0  beets.

Representational
Heuristic

FN
Oct. 30

3 1-3 Mrs. Stevens asks how do you use mult, every day? 
Why is it important? I want you to see how it 
applies to your real life. Ellen’s mom just talked 
about how to use it in recipes. What else? Stacy says 
you use it when you’re shopping and talks about 
rounding with money.

Heuristic
Representational

FN
Oct. 30

3 4 What about pears? Pears are sold by the weight 
per/pound.

Heuristic

FN
Oct. 30

3 6 How many ounces for all 3 pears? They add up the 
oz.

Heuristic

FN
Oct. 30

3 6-8 and Mrs. Stevens takes this time to review decimals 
and shows that 6 is the same as 6.0 and when you 
add and subtract decimals you need to line them up 
and bring the decimal point straight down.

Regulatory
Representational

FN
Oct. 30

3 9 Mrs. Stevens asks how many oz. are in a pound? 
They say 16.

Heuristic

FN
Oct. 30

3 10-
12

So, if  a pound of pears is $2.00, how do we figure 
out what to pay for 19.5 oz? They subtract 16 oz. 
and know that they have one pound for $2.00 and 
are left with 3.5 oz. So how can we figure out what 
we pay for 3.5 oz?

Heuristic

FN
Oct. 30

3 13-
14

Once they have figured out that it will cost $2.50 for 
one serving they decide to figure out for 20 so they 
multiply $2.50 x5 and get $12.50.

Instrumental

FN 1 9-10 Your math journals are important because they are a Regulatory
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Nov. 11 record of your work throughout the year and we 
want to keep them nice.

FN
Nov. 11

1 13-
15

First open your math journal to a clean page in the 
reflection section and I want you to write about why 
you think we play math games? Why is this 
intentional? Write your thoughts about why we play 
games in math -o r what you know about why we 
play games in math.

Regulatory
Heuristic

FN
Nov. 11

1 20-
21

Mr. Moss says- talk it onto the page as a way to 
redirect those students who are talking instead of 
writing. Write to yourself on the page.

Regulatory

FN
Nov. 11

1 22 Seth asks almost immediately... if you’re done can 
you get a game?

Heuristic

FN
Nov. 11

2 2-3 Mr. Moss says it’s free writing, which means you’re 
writing the whole time, not evaluating ideas, just let 
them come to you on the page-just write. Now I’m 
going to be quiet so you can write.

Regulatory

FN
Nov. 11

2 21-
23

Tony is drawing different sized triangles on grid 
paper so Mr. Moss talks to him about how he could 
measure the area.

Regulatory

FN
Nov. 12

1 9-11 She says half the clock = how many minutes? The 
kids say “30.” Then she says the angle between 6-9 
is that acute or obtuse? There are shouts of both 
answers. What about 9-12? A few students say right 
angle. Mrs. Stevens asks, “which is how many 
minutes?” The students say “15.”

Heuristic
Representational

FN
Nov. 12

2 1 She says Dynamath is a great way to do math 
homework.

Regulatory

FN
Nov. 12

2 11-
lS

Mrs. Stevens says- talk to me about (points to 
factoring sheet they did previously). Students have 
various responses such as using colors, finding all 
the #s that leads up to 100, multiples of...

Representational

FN
Nov. 12

2 16 Mrs. Stevens asks- what’s a factor? Heuristic

FN
Nov. 12

2 16-
17

Thumbs up when you’re ready. Melanie says- like 
an addend, but with mult, a factor x factor = product

Regulatory
Representational

FN
Nov. 12

2 18 Mrs. Stevens uses various math terms to review 
such as an addend, factor, product, sum, etc.

Representational

FN
Nov. 12

2 19 Mrs. Stevens tells the students to watch as she 
shows them one way of factoring

Regulatory

FN
Nov. 12

2 22-
23

There are 24 minutes on the clock and they have to 
go to 3 different groups. How many minutes will 
you have at each group?

Heuristic

FN
Nov. 12

3 3-4 Stacy does her factor tree and explains how her 
factor worksheet helped her see a connection 
between prime factoring

Representational

FN 1 9-10 Open to your bike picture from yesterday-tum to Regulatory
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Nov. 14 someone new and tell them your favorite part of the 
picture where you found energy.

FN
Nov. 14

1 11 The students talk and share their pictures and 
discuss where they found energy

Interactional

FN 
Dec. 2

1 11-
12

Mrs. Stevens says- it’s exciting when you are 
checking your work with your group and there is a 
discrepancy because you guys get to discuss it and 
figure it out together.

Personal

FN
Dec. 2

1 13-
14

Mrs. Stevens asks-What are some o f the ways we 
organized #s before the break? Talk for 30 seconds 
to your neighbors.

Heuristic

FN
Dec. 2

1 14-
19

Students say: fact families, multiples-pattems in 
multiples, expanded, standard and word form, 
factoring, prime factorization

Representational

FN
Dec. 2

1 20 Mrs. Stevens says “prime factorization”- what is one 
way that it talks about how we can organize #s?

Heuristic

FN
Dec. 2

2 2 Mrs. Stevens asks what kind of number is 36? 
Students say composite and even.

Heuristic
Representational

FN
Dec. 2

2 3-4 The factor tree takes a number and breaks it down 
into prime and composite and the relationship 
between them.

Representational

FN
Dec. 2

2 5 Melanie says-“I forgot the difference between prime 
and composite?”

Personal
Heuristic

FN 
Dec. 2

2 5-7 Mrs. Stevens said she appreciated her honesty and 
asks the students to once again talk in their groups 
to come up with a definition of prime and composite 
and to feel free to use their math journals.

Personal
Representational

FN
Dec. 2

2 8-9 Let’s make a class def. o f prime. Nadia says it’s a 
number with only 2 factors (1 and itself). Students 
shout out examples of prime numbers 1, 23, 5, 3, 17,

Representational

FN
Dec. 2

2 lO-
l l

Mrs. Stevens asks, “what do we know about 
numbers that end in 2 or even numbers?” It will 
always be divisible by 2.

Heuristic
Representational

FN 
Dec. 2

2 11-
12

If it ends in 5 and 0- it’s divisible by 5 and if it ends 
in 0 it’s divisible by 5 and 10

Representational

FN
Dec. 2

2 13-
15

Mrs. Stevens tells students to shout out composite 
numbers. Definition o f composite is a number that 
has more than 2 factors. Mrs. Stevens asks them to 
talk in their groups about what a factor is.

Interactional
Representational

FN 
Dec. 2

2 18 On the smart board is written: factor x factor = 
product

Representational

FN
Dec. 2

2 22-
23

Students then share various definitions of factors- 2 
#s that when multiplied make a product or create a 
product.

Representational

FN
Dec. 2

3 14-
16

Turn to back of page or clean sheet of paper in your 
journal. Write about what you noticed from this 
activity. What does this have to do with factors and 
products- write what you observed during this

Regulatory
Heuristic
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activity.
FN
Dec. 2

3 17-
18

What did you notice about the relationship between 
the factors and the product you created?

Heuristic

FN
Dec. 2

3 19 If the question is throwing you-just write what you 
noticed.

Regulatory

FN
Dec. 2

3 20-
21

The students got a chance to share aloud some of 
their noticing. One of the main thoughts that came 
up over and over was that the number of cubes did 
not work as an array.

Representational

FN
Dec. 2

3 22-
23

Mrs. Stevens said that using materials that you have 
previously used in one way in a new way can be 
difficult.

Personal

FN 
Dec. 3

1 7 Mr. Moss- I loved how you guys were making fact 
family triangles when you were making numbers.

Personal

FN 
Dec. 3

1 8-9 When you got the blocks out yesterday and used the 
number 24 you had 6 blocks and 4 blocks, but what 
kind o f picture could you draw for a block 
representation of this?

Heuristic

FN 
Dec. 3

1 10 Give me a thumbs up if you want to draw this on the 
board. Seth came up and drew an array

Regulatory

FN 
Dec. 3

1 16-
17

We have made one rectangle for 24, now that you’re 
using tiles you’ve made an array of 24- work 
together at your table to come up with as many 
arrays as you can for 24.

Representational

FN 
Dec. 3

1 18-
21

Students start shouting out other possibilities at their 
tables:
4 rows of 6, 8 rows of 3, 12 rows of 2

Representational

FN 
Dec. 3

2 1-2 Melanie asked if she could get paper and write 
down a thought? Mr. Moss told her yes and use your 
math journal.

Heuristic

FN 
Dec. 3

2 6-7 Mr. Moss asks Cara for one of her arrays and he 
shows it on the smartboard grid paper.

Instrumental

FN 
Dec. 3

2 8-9 Mr. Moss asks them to check and see if all the 
factors for 24 are on the board. Then he asks if it is 
3 rows of 8 or 8 rows of 3?

Heuristic

FN 
Dec. 3

2 10-
12

Do this with some different #s, but everyone is to do 
their own recording. Send one person from your 
group to get a grid pad and a drawer of colored 
pencils

Regulatory

FN 
Dec. 5

1 2-3 Mrs. Stevens writes 12/5/ 2014 on the smart board 
and asks the students to make a problem with these 
#s- any problem you want, however, you might 
want to wow me with order o f operations.

Instrumental
Heuristic

FN 
Dec. 5

1 5-6 Tony asks “can you break up the numbers into like 1 
and 2? Mrs. Stevens says, no it has to be 12, 5,2014

Heuristic

FN 
Dec. 5

1 7-9 Mrs. Stevens creates her own problem on the board. 
She also creates a word problem to go with her

Representational
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computation. “If I have 12 groups of 5 candy canes 
and 2014 friends, how many friends will be 
disappointed that they don’t get candy canes?”

FN 
Dec. 5

1 lO-
l l

Mrs. Stevens asks how Seth’s problem is similar to 
hers and he said he added and she subtracted.

Heuristic

FN 
Dec. 5

1 12 Mrs. Stevens asks the students to write in words 
what they did in their journals.

Regulatory

FN 
Dec. 5

2 4-5 Mr. Moss says-the first time the doorbell rang it 
didn’t say how many cookies there were, we’re 
gonna relate this to division. Division is subtracting 
in groups.

Representational

FN 
Dec. 5

2 6-7 Mr. Moss says- let’s tell the stoiy using math #s, 6 
each and 2 people = 12cookies. What did they have 
to do to find out how many cookies each person 
would get?

Imaginative
Heuristic

FN
Dec. 5

2 7-8 On the board Mr. Moss writes three different ways 
to do division.

Representational

FN 
Dec. 5

2 9-10 One student says something about an improper 
fraction and Mrs. Stevens says that the fraction bar 
means division.

Representational

FN 
Dec. 5

2 17-
20

Mr. Moss says, in each section of the paper tell the 
story of what happened when the doorbell rang. You 
get to make up the rest o f the story from when 
grandma comes deciding how many cookies she 
brought on her tray. You will be using math 
problems and pictures in each section.

Imaginative

FN 
Dec. 5

3 1 Mr. Moss puts an example on the smart board for 
the students to follow

Representational

FN
Dec. 5

3 4-5 What if grandma brought 24 cookies? How many 
cookies are there in all? The students say 36. What 
if she brought 60 cookies? They’d have 72.

Heuristic

FN
Dec. 9

1 12-
13

Seth says that dividing by 4 won’t work for 25 bugs, 
but it will work the next day when Joe figures out to 
divide into 5 lines.

Representational

FN
Dec. 9

2 10 The students are to explain their solution using 
words and math sentences.

Representational

FN
Dec. 9

2 11-
16

Mr. Moss says- what if we were having a dinner 
party for our class? If there are 19 students, Mr. 
Moss and Mrs. Stevens (21), Ms. Z (22), Mrs. Mac 
(23), and Mr. U (24)
So we are having a dinner party where 24 people are 
invited and coming. Make sure you have written a 
reflection on the first problem. Then answer how 
many combinations you could make for 24 people at 
a dinner party?

Imaginative
Heuristic

FN
Dec. 10

1 11 What have we been talking about this week? 
Students say division.

Heuristic

FN 1 12- In the glossary o f the book it defines division as “to Representational
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Dec. 10 14 separate into equal parts”
A student says, but this doesn’t always happen. 
Another student says it can with fractions or 
decimals.

FN
Dec. 10

1 15 Mrs. Stevens says- not equal as in whole numbers, 
but equal as in groups.

Representational

FN
Dec. 10

1 16 Mrs. Stevens asks- “What can we divide?” Heuristic

FN
Dec. 10

1 16-
19

Some of us think division and get freaked out, but I 
have another book about clocks and calendars that 
talks about time, calendars, Stonehenge, # systems, 
Mayan calendar, and dividing the year. Mrs. Stevens 
says she started thinking about time zones, we can 
divide time.

Personal
Representational

FN
Dec. 10

1 20-
21

There are 365 days, into 12 parts (months) think 
about how many ways we can divide a year = 52 
weeks.

Representational

FN
Dec. 10

2 3-4 Mrs. Stevens says “here’s my question...what are 
other things in everyday life that you separate into 
equal parts?” Food, money...

Heuristic

FN
Dec. 10

2 5-6 Mrs. Stevens shows how one dollar can be divided 
into 4 quarters, 2 half dollars, 100 pennies, 10 
dimes, 20 nickels

Representational

FN
Dec. 10

2 7-8 Students are told to go back to their seats and make 
a list entitled “How I divide in my life” -  Do this by 
yourself and then we will think, pair, share

Regulatory

FN
Dec. 10

2 11-
12

Once the students have had a few minutes to make 
their list they can turn and talk to others at then- 
table.

Interactional

FN
Dec. 10

2 14-
15

Mrs. Stevens hands off the smartboard pen to a 
student and tells him to write something from his 
list on the board.

Regulatory

FN
Dec. 10

2 18-
21

On the smart board is written:
What do you know about division?
How do you feel about division?
Give an example of division at your level?

Heuristic
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Table M

Transcribed Field Notes and Codes

Type
(INT,
FN,
SW)

P
#

Line
#

Transcribed Text Codes

FN
Oct. 15

6 1-2 Mr. Moss and Mrs. Stevens are conversing about what 
exactly they want to do for math in terms of 
multiplication and using information from their field trip 
to Morgan Falls

TMT-MI

FN
Oct. 15

6 3 MULTIPLICATION is on the smart board TMT-MI

FN
Oct. 15

6 5 Students are asked to go to the mini-lesson area where 
there is chart paper.

CMT-PD

FN
Oct. 15

6 9-11 Kids begin to shout out different ideas:
Lattice, partial product, repeated addition, symbols, zero 
property, exponents

SMT-CD

FN
Oct. 15

6 12-
13

Mrs. Stevens writes on the chart W hat do we want to 
learn/practice more about in multiplication?

QTPT-PQ

FN
Oct. 15

6 14-
15

Mrs. Stevens asks the students to turn to the next page 
after their “what do you think you know” page and make 
a list of what they want to learn.

QTPT-PQ
SMT-WMT

FN
Oct. 15

6 18-
19

Mrs. Stevens asks students to turn and share some things 
they want to learn more about from their list with 
someone near them.

CMT-ID
QTPT-PQ
CMT-PW

FN
Oct. 15

6
7

20-
22
1-7

As a class the following list is created from student 
suggestions: 1. Multiplying large calculations 2. Methods 
o f multiplication (partial product, traditional, lattice, 
horizontal) 3.strategies to attack and solve (lattice, mult, 
table) 4. Negative numbers 5. Exponents (powers, sq. 
roots, squaring, cubing 6. Ways to show/model 
(arrays... what else?) 7. Properties of mult. 8. Real world 
math with multiplication 9. Finding joy

SMT-CD

FN
Oct. 15

7 8-10 .. .one girl stated this aloud to the class by saying that 
students are at different comfort levels with 
multiplication

SMT-CD

FN
Oct. 15

7 12-
lb

There is a quick review of the three ways to do mult, and 
the students are asked to either do what they are 
comfortable with or try a new method. Mrs. Stevens 
starts by going over partial product and has the students 
help her define what this means on the white board- 
smaller part than the whole thing, smaller parts to answer 
multiplication

CMT-ID

FN
Oct. 15

7 18 Example of partial product is worked on the smart board TMT-MI

FN 8 1-2 When kids have questions in the middle of a lesson so CMT-PD
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Oct. 15 that they don’t disrupt instruction they can write it on a 
post-it and hold onto it for later

FN
Oct. 15

8 3-4 Mrs. Stevens writes Work= Force x Distance on the 
board to remind them of their energy formula

TMT-MI

FN
Oct. 15

8 5-8 The class decided to go outside like they had done 
yesterday and take a tape measure to measure the 
distance from the balcony where they had dropped 
bowling balls the day before to find the distance needed 
to see how much work it would take to list different sized 
bowling balls up the balcony.

TMT-MI
CMT-PW

FN
Oct. 15

8 11-
12

Tape measure was lowered down and it came to about 15 
feet 5 inches so the class decided to round to 16 feet

TMT-MI

FN
Oct. 15

8 12-
13

While on the balcony Mr. Moss asked what other math 
problem they could come up with using the same 
formula?

QTPT-PPQ

FN
Oct. 15

8 13-
14

A few students said “how much work it would take to lift 
Jalen?”

QTPT-PPQ
SMT-CD

FN
Oct. 15

8 14-
16

And Mr. Moss said, basically we have 20 different math 
problems if you all used your weight to see how much 
work it would take to lift you up the balcony.

TMT-MI

FN
Oct. 15

8 17-
19

The students came inside and got out their science 
notebooks and then were asked to figure out how much 
work it would take to lift themselves up to the balcony?

QTPT-PPQ

FN
Oct. 15

8 20-
23

Mrs. Stevens wrote three problems on the smart board for 
the students to work on:
1. W= your weight x 16 ft.
2. W=16 pound ball x 16 ft.
3. W= 2,458 pound car x 16 ft.

CMT-ID

FN
Oct. 15

9 4 Students are told they can use any method they want to 
solve problem three

CMT-ID

FN
Oct. 15

9 5 . . .discuss problems together CMT-ID
CMT-PW

FN
Oct. 15

9 9 Mrs. Stevens asked a student how much he weighed QTPT-PQ

FN
Oct. 15

9 lO-
l l

.. .wrote this on the board and as a class they worked out 
how much work it would take to lift him only three feet 
off the ground instead of 16.

TMT-MI

FN
Oct. 15

9 12-
14

While doing the problem on the board for an example of 
partial product Mrs. Stevens made a computation error 
and used this as an opportunity to show the students that 
errors can and will occur in math.

TMT-MI

FN
Oct. 15

9 16 Mrs. Stevens uses the word binomial and asks if anyone 
knows what that means?

QTPT-PQ

FN
Oct. 15

9 17-
18

.. .student says “a bicycle has two wheels. Bi means two. 
Binomial means two numbers.”

SMT-CD

FN
Oct. 15

9 19-
20

Mrs. Stevens asks the students to turn to their reflection 
sections and write about what they did today during 
math. Talk through math products. Do thinking on page

CMT-PID
QTPT-RQ
SMT-WMT
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for 10 minutes.
FN
Oct. 15

9 21-
22

One student asked for help talking through his thoughts 
because he doesn’t feel comfortable or good at writing 
about math problems.

SMT-CQ

FN
Oct. 15

10 1-2 Students can write however they want. They can make a 
list with bullet points or sentences.

CMT-MA

FN
Oct. 16

1 8-11 Mrs. Stevens asked what they talked about yesterday and 
the students said:
What we want to leam
Partial product- sometimes you need to go back and 
practice because you can get confused in your own math 
thinking

SMT-CD

FN
Oct. 16

1 14 Mrs. Stevens tells a student to repeat what she has been 
saying in her own words.

CMT-ID
QTPT-CLQ
SMT-CD

FN
Oct. 16

1 14-
18

She then asks the class as a whole: What is 
multiplication? Students reply:
Faster
Repeated Addition
Repeated Multiplication is exponents

QTPT-PQ
SMT-CD

FN
Oct. 16

1 19-
21

Mrs. Stevens hands out three different math texts and 
asks three students to look for the definition of mult. She 
also hands out three dictionaries and asks the students to 
find the definition of mult, in there.

CMT-ID

FN
Oct. 16

2 1-3 Mrs. Stevens told a student to explain to me the facts that 
they have lining the wall. She was able to explain to me 
that they were die facts of the number and the square of 
each number was written on a post it note.

CMT-ID

FN
Oct. 16

2 6-13 Students read the definitions they found in the various 
texts and began to create a semblance of a class definition 
on the white board. They made a list o f things that 
needed to be included in the definition: repeated addition, 
inverse o f division, groups of, it’s a process, factor x 
factor = product.

SMT-CD

FN
Oct. 16

2 14 Mr. Moss says which definition he likes best o f the ones 
they’ve read outloud.

TMT-MI

FN
Oct. 16

2 15-
16

Jason says “a process where one factor tells you how 
many of the other facts to add together to create a 
product.”

SMT-CD

FN
Oct. 16

2 17-
18

Cara says “a process where one number indicates how 
many times the number is to be added to itself to gain a 
product.”

SMT-CD

FN
Oct. 16

2 18 Mrs. Stevens tells Cara to write this on the board. CMT-PD

FN
Oct. 16

2 19-
20

Other students share their definitions. Mrs. Stevens tells 
all the students to create their own definition and then 
they will share this with the group to come up with a 
class def.

CMT-ID
CMT-PW
SMT-CD
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FN
Oct. 16

2 22-
23

Mrs. Stevens asks if there is a difference between 
revealing, creating, or equaling? One student says, well, 
it reveals the product to you.

QTPT-CQ
SMT-CD

FN
Oct. 16

2 24-
25

Mrs. Stevens asks, “is it important to come up with the 
same definition? Or should you have a definition that you 
understand?”

QTPT-PPQ

FN
Oct. 16

3 1 Jason suggests putting all definitions together to come up 
with a central definition.

SMT-CD

FN
Oct. 16

3 2-3 Stacy says they should have more than one definition so 
they have a back up of needed (like in the dictionary)

SMT-CD

FN
Oct. 16

3 7-9 Mrs. Stevens tells them to start a new page in their notes 
section where she will quickly review lattice with them 
and then they can play with numbers.

CMT-PID

FN
Oct. 16

3 9-10 They use the example again o f lifting something up the 
balcony to keep in line with their science inquiry. They 
decide to use Mr. Moss as their object.

TMT-MI

FN
Oct. 16

3 11-
12

Once they have gone over the lattice method on the board 
using Mr. Moss as the example, Mrs. Stevens wants the 
students to try the numbers they used yesterday to make 
up their own problems.

CMT-PID

FN
Oct. 16

3 12-
13

She asks those students who need help to raise their 
hands.

QTPT-CLQ

FN
Oct. 16

3 16 Stacy asks for help with partial product. QTPT-CLQ
SMT-CQ

FN
Oct. 16

3 17 Mrs. Stevens reminds them to turn their journals 
sideways to use the lines to hold place value.

CMT-PD

FN
Oct. 16

4 1-2 Students are told to write one sentence under their work 
about lattice method.

CMT-PD
QTPT-RQ

FN
Oct. 17

4 14-
17

Mr. Moss says how happy he is that so many people 
turned in their homework and then explains there are 
different reasons for homework to be assigned: 1. 
practice/automatic
2. take it home and see if you can do it at home on your 
own

TMT-MI

FN
Oct. 17

4 18-
21

He says homework is a good way to see where you’re 
getting confused and you can write any questions you 
might have right on your homework. Also, whenever 
homework is given they will go over it the next day so 
that if you have questions they can be answered or if not 
too many people have questions can be answered 1-on-l

TMT-MI

FN
Oct. 17

5 1 Mr. Moss asks if anyone has questions? A few students 
raise their hand.

QTPT-CLQ

FN
Oct. 17

5 1-2 A student said she got confused because she got two 
different answers when she did lattice and partial 
product.

SMT-CQ

FN
Oct. 17

5 2-4 Mr. Moss does the problem on the board both ways to 
help her see where she might have made her mistake.

TMT-MI

FN 5 6 Mr. Moss asks if there are any other questions and QTPT-CLQ
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Oct. 17 Melanie says she still doesn’t get partial product. SMT-CQ
FN
Oct. 17

5 7-8 Mrs. Stevens asks if anyone wants to learn the standard 
algorithm? A few students raise their hands and say yes.

QTPT-CLQ

FN
Oct. 17

5 8 She goes over a sample problem on the board. TMT-MI

FN
Oct. 17

5 15-
17

Mrs. Stevens says that standard algorithm combines steps 
unlike partial product. Looking at partial product side by 
side with standard she shows the students how there are 
different ways to get the same answer.

TMT-MI

FN
Oct. 17

5 18-
19

She then tells the students to practice and do some on 
their own and really work on partial product.

CMT-PID

FN
Oct. 17

5 21 Students can make up their own numbers or problems. (A 
lot of students use dice for this)

CMT-MA

FN
Oct. 17

5 22-
23

Mrs. Stevens points to a small table at the side o f the 
room and says she will be practicing lattice for any of 
those students who need help with this.

TMT-MI

FN
Oct. 17

6 1-2 Mrs. Stevens asks Seth to help Stacy with the standard 
method because she is having difficulty and then she 
directs the other students to use whichever method they 
are most comfortable with.

CMT-PID
CMT=PW

FN
Oct. 17

6 3-7 Mrs. Stevens uses the table top as a white board with dry 
erase markers and has the three girls sit next to her 
around the table. She places a problem on the table and 
walks the girls through the lattice method step by step. 
Mrs. Stevens goes over all three methods to show that 
they will arrive at the same answer using each method.

TMT-MI

FN
Oct. 17

6 9-10 Cara says you can even draw a picture to find the answer, 
but finds as she starts to draw 25 circles with 31 dots in 
each circle how time consuming this would be.

SMT-PD

FN
Oct. 17

6 13 Mrs. Stevens tells each girl to practice 25x31 her 
preferred way.

CMT-PD

FN
Oct. 17

6 16-
18

Cara does a nice job and is able to show her work and get 
the correct answer. Mrs. Stevens tells her to go back to 
her notebook and write a reflection on which method she 
likes best and why. She then asks Maria to do the same.

CMT-PD
QTPT-RQ

FN
Oct. 17

6 22-
23

Mrs. Stevens takes her step by step through the process 
again making a list of what to do first, second, etc. and 
they go through how to find the answer once again.

TMT-MI

FN
Oct. 22

3 20 “How does this relate to the math with the pumpkin from 
earlier?”

QTPT-CQ

FN
Oct. 22

4 3-4 Mrs. Stevens pulls up a drawing with some questions 
from math workshop earlier and the question says “what 
do we need to know to find out how much energy there 
will be at impact?”

TMT-MI
QTPT-PPQ

FN
Oct. 22

4 8 Mr. Moss asks if anything will happen to the concrete by 
dropping the pumpkin?

QTPT-PPQ

FN
Oct. 22

4 13-
14

“How much energy (work) will happen when we drop the 
pumpkin off our deck?”

QTPT-PPQ
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FN
Oct. 22

4 13-
20

The students are asked to talk with their groups and come 
up with inquiry questions. They come up with :
What would happen to the pumpkin?
How much damage?
How fast was the pumpkin traveling?
What if the pumpkin is rotten?

CMT-ID
QTPT-PPQ
CMT-PW

FN
Oct. 22

4 21 Mr. Moss asks if there is a formula to find out GPE 
(Gravitational Potential Energy?)

QTPT-PQ

FN
Oct. 22

5 1-2 By using the formula GPE = Force (weight) x height, 
how much energy would be used in dropping a 40 lb. 
pumpkin from 16 feet?

QTPT-PPQ

FN
Oct. 23

1 3-4 Mrs. Stevens asks the students to think about if they are 
in a place where they can work and then asks how it went 
with homework last night?

QTPT-RQ

FN
Oct. 23

1 8-10 In going over the problem together the idea of 
commutative property came up because in doing the 
problem vertically Roger wasn’t sure if he should put the 
16 on the top or bottom of the 65.

TMT-MI

FN
Oct. 23

1 11 Mrs. Stevens asked if the commutative property works 
for addition why does it also work for mult?

QTPT-CQ

FN
Oct. 23

1 12-
15

Mrs. Stevens then calls on five students to come to her 
and get an index card that has either a 5,3, X, =, or 15 on 
it. She asks them to make a number sentence that is 
correct. The students move themselves so that it says 5 x 
3 = 15. She then has the students who are 5 and 3 flip 
spots and asks the class if that is still correct.

CMT-ID
CMT-MA
TMT-MI

FN
Oct. 23

1 15-
16

Then she asks them to write in their math journals whey 
they can switch factors around in mult, and still get the 
same answer.

QTPT-PQ

FN
Oct. 23

1 17-
18

After a few minutes she asks some students to share their 
thoughts and if they like another student’s ideas they can 
add them to their own def.

CMT-ID
CMT-PW
SMT-CD

FN
Oct. 23

2 1-3 Nadia is told to do the actual problem of 65 x 16 on the 
smart board and she chooses to do it lattice method. Cara 
did partial product and Jalen talks Mrs. Stevens through 
the standard algorithm.

CMT-ID
SMT-CD

FN
Oct. 23

2 4-5 Mrs. Stevens asks the students to show a thumbs up if 
they understand how to do the problem after being shown 
in three different ways?

QTPT-CLQ

FN
Oct. 23

2 8-9 There are 2 pumpkins and they need to weigh them using 
a scale and they will have to hold the pumpkin to weigh 
it.

CMT-MA

FN
Oct. 23

2 10 Mrs. Stevens asks how they will be able to figure out just 
the weight of the pumpkin?

QTPT-PPQ

FN
Oct. 23

2 lO-
l l

Maria says subtract the person’s weight, which means 
you have to weigh the person by themselves first.

SMT-CD

FN
Oct. 23

2 12-
14

Smarboard:
1. Weigh myself lbs.

CMT-PD
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2. Weigh self holding pumpkin lbs.
FN
Oct. 23

2 15-
17

.. .on their own they are to estimate the weight of each 
pumpkin. Then they are to talk to their group and come 
up with an estimate as a group.

CMT-ID
CMT-PW

FN
Oct. 23

2 18 Each group then actually had a turn to hold the pumpkins 
and figure out the actual weight.

CMT-MA

FN
Oct. 23

3 6-7 Mrs. Stevens pulls up the chart from earlier and asks why 
would everyone seem to be getting different weights for 
the actual weight of the pumpkins?

QTPT-CQ

FN
Oct. 23

3 10 He has written the weight of each pumpkin on the 
smart board

TMT-MI

FN
Oct. 23

3 13-
17

Filbert 3 lbs.
George 17 lbs.
Billy Bob 26 lbs.
On the board they figure out the potential energy each 
pumpkin has being dropped off the balcony.

TMT-MI

FN
Oct. 23

4 5-6 Students are then told to come in and write in their 
scientist notebook using the scientific method of what 
they observed.

CMT-PD

FN
Oct. 24

2 4 Mrs. Stevens starts by asking what is a multiple? QTPT-PQ

FN
Oct. 24

2 6-11 At my table I heard:
Multiple of 10, multiple cookies, number is repeated over 
and over, multiple pads of sticky notes, multiple means 
more than one

SMT-PD

FN
Oct. 24

2 13,
15-
16

Written on the smart board:
What is a multiple? Multiples of 12?
Do you agree that 24 is a multiple o f 12? Is 24 a multiple 
of 2, 12,4?
Is every number # a multiple o f 1?

QTPT-PQ

FN
Oct. 24

2 17-
18

Mrs. Stevens says let’s play around with numbers of 
awhile and then come u with some rules about multiples.

CMT-ID

FN
Oct. 24

3 3 The worksheet is projected on the smartboard. TMT-MI

FN
Oct. 24

3 3-7 Mrs. Stevens says to make a color key for each time you 
circle multiples. So we will start with twos. She says 
multiples of 2 are all even and you should see a pattern to 
start to emerge. Don’t get ahead of yourself. When you 
have finished circling all multiples of 2 give me your 
eyes and we can go onto threes together.

CMT-PID

FN
Oct. 24

3 7-14 Talk to your group-what do you notice? 
-it’s skip counting by that #
-all even
-skip counting/down by 10s
-all evens only
-skip counting by that #
-all second # is even

QTPT-PQ
SMT-PD

FN 3 15- Choose a new color go onto 3 s, watch up her-say the CMT-PID
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Oct. 24 17 mult, facts in your head as you circle to practice your 
facts. Again start looking for patterns you see and then 
move onto 4s and so on.

FN
Oct. 24

3 18 Ellen says she sees a diagonal with the 3s because it’s an 
odd number

SMT-CD

FN
Oct. 24

3 19-
20

As students finish circling they are to write about the 
patterns they see in the blank space on the bottom of the 
page and the back.

CMT-PID

FN
Oct. 29

1 7-9 ... I heard some say that they didn’t know how to do the 
problem they were given. Mr. Moss decided to go 
through the problem on the smart board.

TMT-MI
SMT-CQ

FN
Oct. 29

1 lO-
l l

He said that 11/3 was going to tell us the speed of what? 
(They were looking for the speed of the rollercoaster that 
the students created from a kit)

QTPT-PQ

FN
Oct. 29

1 14 Mr. Moss wrote on the smart board: Velocity (speed) = 
Distance/Time

TMT-MI

FN
Oct. 29

1 15-
16

He asked the kids how far the rollercoaster went? They 
shouted 11 feet. And in how much time? 3.18 seconds

QTPT-PQ

FN
Oct. 29

1 18 Mrs. Stevens asks them how they can connect division to 
mult?

QTPT-CQ

FN
Oct. 29

1 19-
20

Bella says “division is the opposite of mult.” Mrs. 
Stevens asks for another way to say this using math 
words?

QTPT-CQ
SMT-CD

FN
Oct. 29

1 22 Mr. Moss showed all the different ways that 11/3 might 
look on the smartboard.

TMT-MI

FN
Oct. 29

2 2-5 Mr. Moss decided to help them actually see how to put 
11 items into 3 groups. He had a table of boys all put 
their feet up on the table, which made 10 feet and then he 
put in one of his own. They then bunched their feet 
together into threes and realized that there were two feet 
left that could not be bunched.

TMT-MI
CMT-PW

FN
Oct. 29

2 lO-
l l

12 inches in a foot and 12 can be divided by three. Mr. 
Moss drew a picture of this on the smart board.

TMT-MI

FN
Oct. 29

2 12-
14

The kids talked through the answer and realized that 11/3 
= 3 2/3 feet, but they were able to use the drawing and 
figure out that 2/3 of 12 is 8 and found the answer of the 
problem to be 3ft. 8 in/sec.

SMT-CD
CMT-PW

FN
Oct. 29

2 15-
17

Mr. Moss asked them to write at the bottom of this page 
in their math notebook and to think about the formula 
distance/time and why the units of measure are feet/sec. 
What do you think about that?

QTPT-RQ
SMT-WMT

FN
Oct. 29

2 20-
21

He then says again “write what you think. What are your 
thoughts? You can’t do this wrong. It’s your thoughts. 
You’re thinking on the page.”

CMT-PD

FN
Oct. 29

2
3

23
1-2

Where ever you are in your math journey that’s ok. Just 
say how you are feeling. Do the best you can. Write 
down if you’re uncomfortable, but you need to write 
something.

CMT-PD
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FN
Oct. 29

3 3-4 Mr. Moss says “you might not understand it all together, 
but what do you get? Write whatever you think.”

CMT-PD

FN
Oct. 29

3 7-9 Roger says “maybe I could measure the distance where I 
fired an arrow to the target. I could figure out the velocity 
at which the arrow is traveling.” Bria says “feet is a 
measurement o f distance and seconds are a measurement 
of time.”

SMT-CD

FN
Oct. 29

3 12 Mr. Moss says “what could we measure ourselves doing? 
How about running?”

QTPT-PQ

FN
Oct. 29

3 13 Mr. Moss says they are going to their own experiment 
and measure their speed running 40yds.

TMT-MI

FN
Oct. 29

3 22-
23

Mr. Moss puts down a piece of rope to create a starting 
line and then Mrs. Stevens asks the students to go stand 
where they estimate 40 yds. to be.

CMT-PD

FN
Oct. 29

4 1 Jalen walks with Mr. Moss and the wheel to measure out 
40yds. and then drops the finish line.

CMT-MA

FN
Oct. 29

4 4 The first group of students run and their partners time 
them.

CMT-MA

FN
Oct. 29

4 5-6 Those who did get a time were told to write the time with 
sharpie on their hand.

CMT-PD

FN
Oct. 29

4 7-8 They were told to go to the nearest 10th of a second. Used 
Jalen as an example. His time was 7.112 so round it to 
7.1

CMT-ID

FN
Oct. 29

4 9 They switched and the person who ran was now the timer CMT-MA

FN
Oct. 29

4 18 When the students got inside they were told to write in 
their math journals

CMT-PD

FN
Oct. 29

4 19-
23

On the smartboard were the following directions: 
1. date, 2. Times you got running,
3. write a brief description of what we just did and 
anything else you want to write, 4. Title your page

CMT-PD

FN
Oct. 30

2 6-7 Mrs. Stevens says the Joker Juice blend has 3 pears and 1 
beet, which yields 18fl oz. Predict how many cups with 
ice you think you’d get? Most kids say 3 or 4

QTPT-PQ

FN
Oct. 30

2 9 So how did Ellen’s mom figure out how many fruits and 
veggies to buy?

QTPT-PPQ

FN
Oct. 30

2 12-
13

Melanie comes to the smart board and writes 3 pears x 20 
and 1 beet x 20. Mrs. Stevens tells her to look again

TMT-MI

FN
Oct. 30

2 15-
16

Stacy goes up to the board and writes 3 x ? She then tries 
to explain what she plans to do, but it is clear that she is 
getting stuck verbalizing her thoughts. Then she says 
well, 5x4 =20.

SMT-CD

FN
Oct. 30

2 20 Mrs. Stevens goes to a table and places out 4 cups along 
with 3 pears and 1 beet.

TMT-MI

FN
Oct. 30

2 21 They determine that 15 pears and 5 beets = 20 servings, 
but what if we want 40 servings?

QTPT-PPQ

FN 2 21- Roger immediately says you double it. And they come up SMT-CD
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Oct. 30 23 with two multiplication problems to do so. 15 x 2= 30 
pears and 5 x 2  = 10 beets.

FN
Oct. 30

3 1-3 Mrs. Stevens asks how do you use mult, every day? Why 
is it important? I want you to see how it applies to your 
real life. Ellen’s mom just talked about how to use it in 
recipes. What else? Stacy says you use it when you’re 
shopping and talks about rounding with money.

QTPT-PQ

FN
Oct. 30

3 4 What about pears? Pears are sold by the weight 
per/pound.

QTPT-PPQ

FN
Oct. 30

3 6 How many ounces for all 3 pears? They add up the oz. QTPT-PPQ

FN
Oct. 30

3 6-8 and Mrs. Stevens takes this time to review decimals and 
shows that 6 is the same as 6.0 and when you add and 
subtract decimals you need to line them up and bring the 
decimal point straight down.

TMT-MI

FN
Oct. 30

3 9 Mrs. Stevens asks how many oz. are in a pound? They 
say 16.

QTPT-PQ

FN
Oct. 30

3 10-
12

So, if  a pound of pears is $2.00, how do we figure out 
what to pay for 19.5 oz? They subtract 16 oz. and know 
that they have one pound for $2.00 and are left with 3.5 
oz. So how can we figure out what we pay for 3.5 oz?

QTPT-PPQ

FN
Oct. 30

3 13-
14

Once they have figured out that it will cost $2.50 for one 
serving they decide to figure out for 20 so they multiply 
$2.50x5 and get $12.50.

TMT-MI

FN
Nov. 11

1 9-10 Your math journals are important because they are a 
record of your work throughout the year and we want to 
keep them nice.

TMT-MI

FN
Nov. 11

1 13-
15

First open your math journal to a clean page in the 
reflection section and I want you to write about why you 
think we play math games? Why is this intentional? 
Write your thoughts about why we play games in math -  
or what you know about why we play games in math.

QTPT-RQ

FN
Nov. 11

1 20-
21

Mr. Moss says- talk it onto the page as a way to redirect 
those students who are talking instead of writing. Write 
to yourself on the page.

CMT-PD
SMT-WMT

FN
Nov. 11

1 22 Seth asks almost immediately.. .if you’re done can you 
get a game?

QTPT-CLQ

FN
Nov. 11

2 2-3 Mr. Moss says it’s free writing, which means you’re 
writing the whole time, not evaluating ideas, just let them 
come to you on the page-just write. Now I’m going to be 
quiet so you can write.

CMT-PD

FN
Nov. 11

2 11-
12

Cara and Bria play Blokus- a pattern game where you try 
to block your opponent’s color and make the largest area 
and get rid of all your pieces first.

CMT-MA
CMT-PW

FN
Nov. 11

2 15-
20

Other kids are playing darts where they add and multiply 
numbers for their scores. 2 groups of girls are playing 
with pattern blocks and making patterns. A group of 4 
boys are playing a game called Pentago where you need

CMT-MA
CMT-PW
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to get five of your colored marble in a row, while at the 
same time after making a move, turning one of the 4 
quadrants 90 degrees. Nadia and Stacy are trying to make 
a domino line, bit it keeps falling before they finish.

FN
Nov. 11

2 21-
23

Tony is drawing different sized triangles on grid paper so 
Mr. Moss talks to him about how he could measure the 
area.

TMT-MI

FN
Nov. 12

1 6-7 She has them look at the clock and see how long it is 
until 2:30. Students shout all kinds of crazy answers like 
an hour and 30 minutes, 42 minutes, etc.

CMT-ID

FN
Nov. 12

1 9-11 She says half the clock = how many minutes? The kids 
say “30.” Then she says the angle between 6-9 is that 
acute or obtuse? There are shouts o f both answers. What 
about 9-12? A few students say right angle. Mrs. Stevens 
asks, “which is how many minutes?” The students say 
“ 15.”

QTPT-PQ
SMT-CD

FN
Nov. 12

1 14-
19

Mrs. Stevens says the three things they will be look at in 
math are:
1. Dynamath (an entire magazine of word problems)
2. Factoring
3. Prime Factorization
Mrs. Stevens asks the 4th graders to raise their hands 
because they have a good idea about prime factorization 
since they worked on this last week while the 5th graders 
were at Rock Eagle.

CMT-PID

FN
Nov. 12

2 1 She says Dynamath is a great way to do math homework. TMT-MI

FN
Nov. 12

2 ll-
lS

Mrs. Stevens says- talk to me about (points to factoring 
sheet they did previously). Students have various 
responses such as using colors, finding all the #s that 
leads up to 100, multiples of...

CMT-ID
SMT-CD

FN
Nov. 12

2 16 Mrs. Stevens asks- what’s a factor? QTPT-PQ

FN
Nov. 12

2 16-
17

Thumbs up when you’re ready. Melanie says- like an 
addend, but with mult, a factor x factor = product

SMT-CD

FN
Nov. 12

2 18 Mrs. Stevens uses various math terms to review such as 
an addend, factor, product, sum, etc.

TMT-MI

FN
Nov. 12

2 19 Mrs. Stevens tells the students to watch as she shows 
them one way o f factoring

CMT-ID

FN
Nov. 12

2 22-
23

There are 24 minutes on the clock and they have to go to 
3 different groups. How many minutes will you have at 
each group?

QTPT-PPQ

FN
Nov. 12

3 3-4 Stacy does her factor tree and explains how her factor 
worksheet helped her see a connection between prime 
factoring

SMT-WMT

FN
Nov. 14

1 9-10 Open to your bike picture from yesterday-tum to 
someone new and tell them your favorite part of the 
picture where you found energy.

CMT-PID
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FN
Nov. 14

1 11 The students talk and share their pictures and discuss 
where they found energy

SMT-PD

FN
Nov. 14

2 6-9 Here’s what we’re going to do- 3 things in the next 30 
minutes:
1. Choose any number you want and do prime 
factorization, 2. Factoring, 3. Bike math

CMT-PD

FN
Nov. 14

2 11-
13

Each of you will get a piece of yellow paper and on one 
side you will make a factor tree and write about what you 
did. On the second size choose any number and make a 
factor rainbow- write about what you did. I don’t want 
the procedure but WHY you did what you did.

CMT-PD

FN
Nov. 14

2 14-
16

Mrs. Stevens says that Jalen and Seth measured around 
the track and it was 1,324 feet, which is one lap around 
the bike track. So take the number of laps you did and 
figure out how many feet you traveled.

CMT-ID

FN
Nov. 14

2 17-
18

You will take the # o f laps x 1, 324 feet to determine the 
total distance traveled in feet. And what if I wanted to 
know how many miles or parts of a mile? Mile = 5,280 
feet

CMT-ID

FN
Nov. 14

2 19-
20

Bike math needs to be in their math journal next to then- 
drawing from yesterday.

CMT-PD

FN 
Dec. 2

1 4-5 .. .go ahead and check your work with inverse operation 
or use a calculator

CMT-PID

FN 
Dec. 2

1 11-
12

Mrs. Stevens says- it’s exciting when you are checking 
your work with your group and there is a discrepancy 
because you guys get to discuss it and figure it out 
together.

TMT-MI
CMT-PW

FN
Dec. 2

1 13-
14

Mrs. Stevens asks-What are some of the ways we 
organized #s before the break? Talk for 30 seconds to 
your neighbors.

QTPT-PQ
CMT-PW

FN
Dec. 2

1 14-
19

Students say: fact families, multiples-pattems in 
multiples, expanded, standard and word form, factoring, 
prime factorization

SMT-PD

FN
Dec. 2

1 20 Mrs. Stevens says “prime factorization”- what is one way 
that it talks about how we can organize #s?

QTPT-PQ

FN
Dec. 2

2 2 Mrs. Stevens asks what kind of number is 36? Students 
say composite and even.

QTPT-PQ

FN
Dec. 2

2 3-4 The factor tree takes a number and breaks it down into 
prime and composite and the relationship between them.

TMT-MI

FN 
Dec. 2

2 5 Melanie says-“I forgot the difference between prime and 
composite?”

QTPT-CQ
SMT-CQ

FN
Dec. 2

2 5-7 Mrs. Stevens said she appreciated her honesty and asks 
the students to once again talk in their groups to come up 
with a definition of prime and composite and to feel free 
to use their math journals.

CMT-ID
CMT-PW

FN
Dec. 2

2 8-9 Let’s make a class def. of prime. Nadia says it’s a 
number with only 2 factors (1 and itself)- Students shout 
out examples o f prime numbers 1, 23, 5,3, 17,

CMT-ID
SMT-CD
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FN
Dec. 2

2 lO-
l l

Mrs. Stevens asks, “what do we know about numbers that 
end in 2 or even numbers?” It will always be divisible by 
2.

QTPT-PQ
SMT-CD

FN
Dec. 2

2 11-
12

If it ends in 5 and 0- it’s divisible by 5 and if it ends in 0 
it’s divisible by 5 and 10

TMT-MI

FN
Dec. 2

2 13-
15

Mrs. Stevens tells students to shout out composite 
numbers. Definition o f composite is a number that has 
more than 2 factors. Mrs. Stevens asks them to talk in 
their groups about what a factor is.

CMT-ID
QTPT-PQ
SMT-PD

FN
Dec. 2

2 18 On the smart board is written: factor x factor = product TMT-MI

FN
Dec. 2

2 22-
23

Students then share various definitions of factors- 2 Us 
that when multiplied make a product or create a product.

SMT-CD

FN
Dec. 2

3 1-2 Mrs. Stevens pulls up the smart board camera and plays 
with some blocks (see pics) creates a fact family

TMT-MI

FN
Dec. 2

3 4 Mrs. Stevens says that each table is going to get cubes 
and they should write the number 24 on a post it

CMT-PD

FN
Dec. 2

3 6-8 Once the students have used the blocks to create a fact 
family they are recording it in their math journals. They 
are only to write the fact families in their journals not die 
representation of the blocks.

CMT-PID

FN
Dec. 2

3 11-
12

Mrs. Stevens showed examples of other students work in 
their math journals by holding up different examples of 
students work.

TMT-MI

FN
Dec. 2

3 14-
16

Turn to back of page or clean sheet o f paper in your 
journal. Write about what you noticed from this activity. 
What does this have to do with factors and products- 
write what you observed during this activity.

CMT-PID
QTPT-CQ

FN
Dec. 2

3 17-
18

What did you notice about the relationship between the 
factors and the product you created?

QTPT-CQ

FN
Dec. 2

3 19 If the question is throwing you-just write what you 
noticed.

CMT-PD

FN
Dec. 2

3 20-
21

The students got a chance to share aloud some of their 
noticing. One of the main thoughts that came up over and 
over was that the number of cubes did not work as an 
array.

SMT-CD

FN 
Dec. 2

3 22-
23

Mrs. Stevens said that using materials that you have 
previously used in one way in a new way can be difficult.

TMT-MI

FN 
Dec. 3

1 7 Mr. Moss- I loved how you guys were making fact 
family triangles when you were making numbers.

TMT-MI

FN 
Dec. 3

1 8-9 When you got the blocks out yesterday and used the 
number 24 you had 6 blocks and 4 blocks, but what kind 
o f picture could you draw for a block representation of 
this?

QTPT-PPQ

FN 
Dec. 3

1 10 Give me a thumbs up if you want to draw this on the 
board. Seth came up and drew an array

QTPT-CLQ

FN
Dec. 3

1 11-
12

The array shows how the factors make the product TMT-MI
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FN
Dec. 3

1 16-
17

We have made one rectangle for 24, now that you’re 
using tiles you’ve made an array of 24- work together at 
your table to come up with as many arrays as you can for 
24.

CMT-ID
CMT-PW

FN
Dec. 3

1 18-
21

Students start shouting out other possibilities at their 
tables:
4 rows of 6, 8 rows of 3, 12 rows of 2

SMT-CD

FN
Dec. 3

2 1-2 Melanie asked if she could get paper and write down a 
thought? Mr. Moss told her yes and use your math 
journal.

QTPT-CLQ

FN 
Dec. 3

2 3 Draw the fact family triangle on your table w/ dry erase 
markers for each array.

CMT-PID

FN 
Dec. 3

2 6-7 Mr. Moss asks Cara for one of her arrays and he shows it 
on the smartboard grid paper.

CMT-PD

FN 
Dec. 3

2 8-9 Mr. Moss asks them to check and see if all the factors for 
24 are on the board. Then he asks if it is 3 rows o f 8 or 8 
rows of 3?

QTPT-PPQ

FN
Dec. 3

2 10-
12

Do this with some different #s, but everyone is to do their 
own recording. Send one person from your group to get a 
grid pad and a drawer of colored pencils

CMT-PD
CMT-PW

FN 
Dec. 3

2 13-
14

Mr. Moss puts a few different numbers on the board: 36, 
16, 48 and says he would love to see them do all 3 of 
these numbers.

CMT-ID

FN 
Dec. 5

1 2-3 Mrs. Stevens writes 12/5/ 2014 on the smart board and 
asks the students to make a problem with these #s- any 
problem you want, however, you might want to wow me 
with order of operations.

CMT-PID
QTPT-PPQ

FN 
Dec. 5

1 5-6 Tony asks “can you break up the numbers into like 1 and 
2? Mrs. Stevens says, no it has to be 12, 5, 2014

QTPT-CLQ

FN 
Dec. 5

1 7-9 Mrs. Stevens creates her own problem on the board. She 
also creates a word problem to go with her computation. 
“If I have 12 groups of 5 candy canes and 2014 friends, 
how many friends will be disappointed that they don’t get 
candy canes?”

TMT-MI

FN 
Dec. 5

1 lO-
l l

Mrs. Stevens asks how Seth’s problem is similar to hers 
and he said he added and she subtracted.

QTPT-CQ

FN 
Dec. 5

1 12 Mrs. Stevens asks the students to write in words what 
they did in their journals.

CMT-PD
QTPT-RQ

FN
Dec. 5

2 4-5 Mr. Moss says-the first time the doorbell rang it didn’t 
say how many cookies there were, we’re gonna relate this 
to division. Division is subtracting in groups.

TMT-MI

FN
Dec. 5

2 6-7 Mr. Moss says- let’s tell the story using math #s, 6 each 
and 2 people = 12cookies. What did they have to do to 
find out how many cookies each person would get?

TMT-MI
QTPT-PPQ

FN 
Dec. 5

2 7-8 On the board Mr. Moss writes three different ways to do 
division.

TMT-MI

FN 2 9-10 One student says something about an improper fraction TMT-MI
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Dec. 5 and Mrs. Stevens says that the fraction bar means 
division.

SMT-CD

FN
Dec. 5

2 17-
20

Mr. Moss says, in each section of the paper tell the story 
of what happened when the doorbell rang. You get to 
make up the rest o f the stoiy from when grandma comes 
deciding how many cookies she brought on her tray. You 
will be using math problems and pictures in each section.

CMT-PID

FN 
Dec. 5

2 21-
22

The book has the doorbell ring and more and more 
people arrive making it so the amount o f cookies is 
continuously being divided each time more people arrive.

TMT-MI

FN 
Dec. 5

2 22-
23

In the first box, put the title of the book and your name- 
in the next 4 boxes- do all 3 ways of division and draw 
picture

CMT-PD

FN 
Dec. 5

3 1 Mr. Moss puts an example on the smart board for the 
students to follow

TMT-MI

FN 
Dec. 5

3 4-5 What if grandma brought 24 cookies? How many cookies 
are there in all? The students say 36. What if  she brought 
60 cookies? They’d have 72.

QTPT-PPQ

FN
Dec. 9

1 12-
13

Seth says that dividing by 4 won’t work for 25 bugs, but 
it will work the next day when Joe figures out to divide 
into 5 lines.

SMT-CD

FN
Dec. 9

1
2

17-
22
1-2

How the game is played:
-There is one large piece o f white paper 
-Stacy rolls a 5 and lays out 5 orange squares 
-15 small tiles in a bowl and the students divide the tiles 
evenly among the # rolled
-both students write down the division problem on their 
own white paper
-you want a remainder: you keep the remaining tiles 
-if remainders are kept then the number of tiles in the 
bowl change
-play until they can’t divide anymore and the winner is 
the one with the most remainders

CMT-MA
CMT-PW

FN
Dec. 9

2 3 Mr. Moss tries to get the students attention and has them 
look at the word problem on the smart board

CMT-ID

FN
Dec. 9

2 4-5 Mr. Moss says for them to turn to a page in their math 
journal and title it dinner party division-date the page- 
attempt to work the problem

CMT-PD

FN 
Dec. 9

2 6 Once they solve the problem they are to explain their 
process and solution.

CMT-PID

FN
Dec. 9

2 10 The students are to explain their solution using words and 
math sentences.

CMT-PD
SMT-WMT

FN
Dec. 9

2 11-
16

Mr. Moss says- what if we were having a dinner party for 
our class? If there are 19 students, Mr. Moss and Mrs. 
Stevens (21), Ms. Z (22), Mrs. Mac (23), and Mr. U (24) 
So we are having a dinner party where 24 people are 
invited and coming. Make sure you have written a 
reflection on the first problem. Then answer how many

QTPT-PPQ
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combinations you could make for 24 people at a dinner 
party?

FN
Dec. 10

1 11 What have we been talking about this week? Students say 
division.

QTPT-PQ

FN
Dec. 10

1 12-
14

In the glossary of the book it defines division as “to 
separate into equal parts”
A student says, but this doesn’t always happen. Another 
student says it can with fractions or decimals.

SMT-CD

FN
Dec. 10

1 15 Mrs. Stevens says- not equal as in whole numbers, but 
equal as in groups.

TMT-MI

FN
Dec. 10

1 16 Mrs. Stevens asks- “What can we divide?” QTPT-PQ

FN
Dec. 10

1 16-
19

Some of us think division and get freaked out, but I have 
another book about clocks and calendars that talks about 
time, calendars, Stonehenge, # systems, Mayan calendar, 
and dividing the year. Mrs. Stevens says she started 
thinking about time zones, we can divide time.

TMT-MI

FN
Dec. 10

1 20-
21

There are 365 days, into 12 parts (months) think about 
how many ways we can divide a year = 52 weeks.

TMT-MI

FN
Dec. 10

2 1-2 Our schedule divides up the day and how you chose to 
use your time- you chose if you tune in or out

CMT-PD

FN
Dec. 10

2 3-4 Mrs. Stevens says “here’s my question...what are other 
things in everyday life that you separate into equal 
parts?” Food, money...

QTPT-PQ

FN
Dec. 10

2 5-6 Mrs. Stevens shows how one dollar can be divided into 4 
quarters, 2 half dollars, 100 pennies, 10 dimes, 20 nickels

TMT-MI

FN
Dec. 10

2 7-8 Students are told to go back to their seats and make a list 
entitled “How I divide in my life” -  Do this by yourself 
and then we will think, pair, share

CMT-PID
CMT-PW

FN
Dec. 10

2 11-

12
Once the students have had a few minutes to make their 
list they can turn and talk to others at their table.

CMT-PW

FN
Dec. 10

2 14-
15

Mrs. Stevens hands off the smartboard pen to a student 
and tells him to write something from his list on the 
board.

CMT-PD
SMT-WMT

FN
Dec. 10

2 16-
17

Once you have written your list and on the smart board, 
turn the page and write about what you know about 
division and also write a division problem.

CMT-PD

FN
Dec. 10

2 18-
21

On the smart board is written:
What do you know about division?
How do you feel about division?
Give an example of division at your level?

QTPT-RQ

FN
Dec. 10

2 22-
23

Mrs. Stevens says if a student needs a sample division 
problem she will write one on a post it for them if they 
need it.

CMT-PD
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Types: Codes:

FN= Field Notes QTPT= Questions to Provoke Thought

SW= Student Work 

INT= Interview

•  RQ = Reflection questions
•  PQ = Preparatory questions
•  CQ = Connection Questions
•  PPQ = Problem Posing Questions
•  CLQ = Clarifying Questions 

TMT= Teacher M ath Talk

•  MI= Mathematics Instruction 
CMT= Contexts for Math Talk

•  PD= Procedural Directions
•  ID= Instructional Directions
• PID= Combination o f procedural and instructional
•  M A= Mathematics Activities
• PW = Peer Work 

SMT= Student M ath Talk

•  CD= Class Discussions
• WMT= Written M ath Talk
•  CQ= Clarifying Questions
• PD= Peer Discussions

Figure N. Legend for Codes Used to Transcribe Field Notes


