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Abstract 

Vocabulary and communication are essential components of mathematics that should be 

addressed in the classroom. Knowledge of mathematical vocabulary has been argued as a 

necessary building block for students to engage in purposeful discourse. However, previous 

studies primarily focus on vocabulary instruction strategies specifically for English Language 

Learners and early childhood students. Discourse in mathematics education continues to be a 

major theme in national standards publications. Both empirical and theoretical studies have 

shown that discourse allows students to build conceptual knowledge by participating in 

purposeful conversations. Further, previous research has found that learners are given the 

opportunity to increase their own ability when using social interactions as a gateway to develop 

higher mental functions that aid in transitioning from thought to word and visa versa. Since 

mathematics curricula are often influenced and developed using national standards documents as 

foundational resources, it is important to explore the types of vocabulary and the levels of 

discourse that are currently being used in the classroom. 

This study considers the cases of four mathematics teachers to focus on what types of 

vocabulary are used and what levels of discourse are evident in high school mathematics 

classrooms. Data sources included video-recorded observations and classroom artifacts including 

teacher-created materials and the district-provided curriculum. Qualitative analysis techniques 

were used in this study. The results of this study showed that the cognitive demand of tasks 

influenced the level of teacher discourse along with levels of student discourse. Students 

continued to use the lowest levels of discourse in response to low levels of teacher discourse, 

cognitive demand of tasks, and discourse interactions. However, students used higher levels of 

discourse when teachers used high cognitive demand tasks and high levels of teacher discourse. 
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The results of this study also showed that students ' use of vocabulary mirrored their teacher 's 

use of vocabulary. Finally, teachers who used the lowest levels of discourse used technical 

vocabulary more frequently than their students did and had the highest overall frequency of 

vocabulary words within their lessons. 
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Chapter 1 

INTRODUCTION 

Discourse in mathematics education continues to be a major theme in national standards 

documents (e.g. , National Council of Teachers of Mathematics, 1989, 1991 , 2000; Common 

Core State Standards for Mathematics [CCSSM] , 2010). While the need for cognitively 

challenging discourse is well recognized as a technique to enhance student learning in 

mathematics, critical examination of vocabulary and its use in classroom discourse have recently 

been acknowledged as equally important (Lee & Herner-Patnode, 2007; Shields, Finlan, & 

Portman, 2005; Thompson & Rubenstein, 2000). However, there are gaps in previous research 

regarding the use of vocabulary in secondary mathematics classrooms. This study contributes to 

the field of mathematics education by exploring current discourse and vocabulary trends in high 

school mathematics classrooms. 

Classroom discourse can be viewed as a spectrum ranging from univocal to dialogic. 

Dialogic discourse refers to utterances that include two or more differing thoughts. Traditionally, 

mathematics has been taught using a teacher-directed approach in which the discourse used has 

been classified as authoritative, monologic, and univocal. The words authoritative, monologic, 

and univocal are used synonymously throughout this study in that all three oppose dialogic 

discourse by denying other voices; the focus of conversation is one point of view with the 

absence of different ideas (Bakhtin, 1981 , 1993; Gadanidis, Kotsopoulos, Guembel, 2006; 

Mortimer & Scott, 2003). 

Both the National Council of Teachers of Mathematics (NCTM) standards (2000) and the 

Common Core State Standards for Mathematics (CCSSM, 2010) are guiding school reform from 

a behaviorist to a constructivist approach. The authors of both standards documents propose that 
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teachers should focus on guiding students to build conceptual understanding along with 

procedural fluency rather than exclusively focusing on rote memorization of procedures. 

Pimentel and McNeill (2013) claim that just because reform movements call for a change in 

classroom discourse from monologic to dialogic, they alone are not enough to change teacher 

and student behaviors. 

Stigler and Hiebert (1999, 2009) report that most classrooms in the U.S. still focus on 

procedural understanding. They found that, even when teachers accept the challenge to change 

their practice, many do so in limited ways (Son & Kim, 2015 , 2016). Past research has 

continually reported findings of primarily monologic classroom discourse with scarce dialogic 

conversations (Lobato, Clarke, & Ellis, 2005 ; National Center for Educational Statistics, 1999, 

2000, 2001 ; Stigler & Hiebert, 1998; Truxaw & DeFranco, 2008; U.S. Department of Education, 

2000). 

This may be due to teachers' previous experience as students, what Lortie ( 197 5) coined 

as the ' apprentice of observation' or beliefs about mathematics education (Nathan & Koedinger, 

2000; Raths & McAninch, 2003 ; Richardson, 1996). It has been shown that teachers are more 

likely to rely on the teaching strategies that were presented to them while they themselves were 

students (Ball, 1988; Liljedahl, Rolka, & Rosken, 2007; Lortie, 1975; Skott, 2001 ; Tobin, 

Tippins, & Gallard, 1994; Wilkins, 2008). Because mathematics has been predominantly taught 

through authoritative discourse (Lobato, Clarke, & Ellis, 2005 ; National Center for Educational 

Statistics, 1999, 2000, 2001 ; Stigler & Hiebert, 1998; Truxaw & DeFranco, 2008; U.S. 

Department of Education, 2000), mathematics teachers tend to be less familiar with a teaching 

model that uses dialogic discourse. Likewise, Gallimore and Tharp (1990) concluded that if 

teachers did not facilitate mathematical conversations, it was due to the fact that the teachers 
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themselves were never taught how to conduct such instructional conversations and, therefore, did 

not know how (Truxaw & DeFranco, 2008). Ball (1996) highlights the challenge teachers face 

when they themselves were not taught using dialogic discourse methods but are still expected to 

successfully facilitate dialogic classroom discourse. 

On the other hand, reform movements have made the call for student-centered 

pedagogical approaches that are more aligned with dialogic discourse. A possible reason for this 

transitional push is that previous studies have found evidence that properly facilitated 

mathematical discussions result in improved student understanding (Mercer & Sams, 2006; 

Truxaw & DeFranco, 2007; Williams & Baxter, 1996). Additionally, various studies indicate that 

purposeful discourse in mathematics classrooms leads to an increase in performance on 

achievement assessments (Hiebert & Weame, 1993; Koichu, Berman, & Moore, 2007; Kosko, 

2012; Kosko & Miyazaki, 2009, 2012; Mercer & Sams, 2006). 

Nathan and Knuth (2003) suggest that teachers struggle with their roles in orchestrating 

student-centered discourse within their classrooms because the following tend to be difficult for 

them: stepping back as students develop ideas, knowing the appropriate time to be the 

mathematical authority, and having the skills to facilitate student discussion. Such instructional 

skills are drastically different than those needed for the historically more common pedagogical 

model of the teacher primarily explaining and demonstrating procedures with the use of 

monologic discourse. 

According to the NCTM, vocabulary and communication are essential components of 

mathematics that should be addressed in every classroom. The authors of the NCTM Curriculum 

and Evaluation Standards (1989) claim that high school mathematics classrooms should foster 

environments that continue the development of verbal communication to build conceptual 

3 



TEACHER AND STUDENT DISCOURSE 

understanding of mathematical ideas. The objective is not to have students memorize isolated 

vocabulary terms and definitions but to foster student thinking about mathematical relationships, 

derive mathematically accurate definitions, and demonstrate mathematical understanding 

through means of shared written and verbal communication. The authors of the NCTM's 1991 

and 2000 standards stayed congruent to the NCTM 1989 standards by continuing to 

acknowledge the importance of vocabulary and communication. 

Additionally, forty-two states, the District of Columbia, and four U.S . territories have 

adopted the Common Core State Standards for Mathematics (CCSSM, 2010). The CCSSM 

includes two sets of standards: content standards and standards of mathematical practice. The 

authors of the CCSSM maintained a certain level of consistency with previous standards 

published by NCTM in the third mathematical practice (MP3) that suggests students should 

"construct viable arguments and critique the reasoning of others" (2010, p. 3). When teachers 

devote effort to address MP3 , students should be able to "understand and use stated assumptions, 

definitions, and previously established results in constructing arguments .. . [and to] justify their 

conclusions, communicate them to others, and respond to the arguments of others" (CCSSM, 

2010). This practice might be considered less demanding than the previous NCTM standards in 

which it was implied that students be required to derive definitions. Instead, MP3 is suggesting 

that teachers should expect students to understand and appropriately use vocabulary when 

engaging in mathematical discourse. 

Another practice that is also relevant to this study is the sixth mathematical practice 

(MP6) that encourages students to "attend to precision" (2010, p. 3). When students engage in 

being precise they use appropriate symbols, labels, units of measure and more importantly for 

this study, communicate their ideas to others in a precise manner. To do this, students must give 
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attention to accurate and appropriate definitions while discussing their solution methods and 

ideas with others. 

More recently, the NCTM published a document entitled Effective Mathematics Teaching 

Practices (2014) that consists of eight teaching strategies to improve students' mathematical 

abilities . Of the eight effective teaching practices, there exists one that is specifically relevant to 

this study titled "facilitate meaningful mathematical discourse." Within this practice, teachers are 

encouraged to promote purposeful discussions about mathematical content in a way that provides 

students with an opportunity to build a shared understanding through analysis of student solution 

methods and argumentation. 

Problem Statement 

Although discourse is a familiar topic in mathematics education research, it is a broad 

topic. Foundational topics that are related and essential to consider for the study of discourse 

include areas such as vocabulary, notation, and syntax. Vocabulary in mathematics has been 

argued to be a building block needed for students to engage in purposeful discourse (Shields, 

Findlan, & Portman, 2005). Mathematics is known to be a language comprised of different types 

of vocabulary, some of which is specific to the field of mathematics and others that are more 

commonly used in everyday language (Monroe & Panchyshyn, 1995). Knowing mathematical 

vocabulary and being able to use it fluently provides students with an opportunity to move 

beyond being passive learners to becoming critical problem solvers. Dunston and Tyminski 

(2013) expose why vocabulary is important by describing it as a predictor of content learning 

and comprehension; they explain that a deficit in vocabulary knowledge can negatively affect a 

student's comprehension of mathematical concepts and content. Despite the fact that previous 

research has uncovered the relationship between mathematics vocabulary and content 
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knowledge, there still exists a gap between research regarding high school teachers ' and 

students ' use of mathematics vocabulary. 

Purpose of the study 

Since mathematics curricula are developed or at least heavily influenced, using national 

standards documents as foundational resources, it is necessary to explore how their expectations 

related to discourse are implemented in the classroom. For that reason, in this study I conducted 

an exploratory study of how high school mathematics teachers use vocabulary and discourse to 

promote student engagement within lessons. 

Research Questions 

More specifically, to better understand teachers ' pedagogical approach using 

mathematical vocabulary and discourse, this study considers the following questions : 

1) How is vocabulary addressed in high school mathematics classrooms during whole 

class discussions? 

2) What level of discourse is evident in high school mathematics classrooms during 

whole class discussions? 

Significance of the Study 

With the current paradigm shift in mathematics education, the need for understanding of 

how teachers are responding to the call of increased cognitive demanding discourse and 

precision in language is undeniable. The theoretical significance of this study stems from the 

need for carefully conceptualized and operationalized measures to improve instructional practice 

and inform educational policy (Jang, 2010). This study will help to bridge the gap in the current 

research base by improving our current understanding of secondary teachers' and students ' use 

of mathematical discourse and vocabulary. 

6 
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The theoretical significance of this study could lead to practical implications since the 

findings and discussion sections may result in suggestions for mathematics teachers who are 

seeking to increase purposeful discourse and the use of content-specific vocabulary in their 

classroom. These findings might provide information that could potentially guide teachers 

toward changing their practice to align with current reform movements. Additionally, findings 

could inform professional development providers by providing insight as to which teacher moves 

promote discourse and how teachers might foster precision in language when communicating 

ideas. 

Summary 

Reform movements in mathematics education have highlighted the importance of moving 

from a behaviorist approach to a constructivist approach, which in tum translates to transitioning 

from a mono logic style of teaching to a dialogic style. This realignment has been proven as a 

difficult feat for teachers who have not experienced this model of teaching or for those who may 

hold varying beliefs about discourse and vocabulary in mathematics as a school subject. A study 

of teachers ' and students ' use of mathematical discourse and vocabulary holds great potential in 

understanding ways to improve classroom alignment to educational policy along with student 

engagement. 

The remaining four chapters seek to answer this question: How are mathematical 

vocabulary and purposeful discourse addressed in secondary classrooms? In Chapter 2, using a 

sociocultural view and Bakhtin' s theory as theoretical backdrops, a review of literature will 

outline the current research base surrounding discourse in mathematics and mathematical 

vocabulary. The literature review establishes a context for the study within current research and 

provides the theoretical underpinnings for the study. Chapter 3 describes the methodology, 
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including information regarding the participants, data collection instruments and analysis 

methods involved in this study. Chapter 4 provides the results of this study. Finally, Chapter 5 

discusses the limitations of the study, implications of the findings for teachers, professional 

development programs and researchers. 
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Chapter 2 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

Chapter 1 presented an overview of reform movements with respect to discourse in 

mathematics classrooms in addition to an argument that mathematics vocabulary is necessary for 

developing content understanding. This chapter begins with the theoretical underpinnings of this 

study. It then provides a detailed description of previous findings regarding mathematical 

discourse and vocabulary. These previous research findings provide me with a foundation to 

analyze data and findings ; they also provide an opportunity to identify gaps in what is known so 

that this study is able to contribute to the field. 

Studies of general classroom discourse have been used as a springboard for researchers to 

delve deeper into the more targeted area of mathematical discourse. Within the studies of 

mathematical discourse, vocabulary has emerged as an important, necessary field of 

investigation. Although previous studies have focused on mathematical discourse, more recent 

research investigations have expanded to include exploration of vocabulary (Pierce & Fontaine, 

2009; Bay-Williams & Livers, 2009; Livers & Bay-Williams, 2014; Riccomini, Smith, Hughes, 

Fries, 2015); however, these publications focus on how to teach mathematics vocabulary rather 

than explore how it is used and the most beneficial ways to use vocabulary to build students ' 

conceptual understanding. Because this study uses mathematical vocabulary as the primary 

focus, it is important to review literature to situate the study within discourse. 

Theoretical Framing 

In U.S. education, one topic of concern involves determining the best practices that 

should be implemented to increase student achievement. One objective that has remained 

consistent since the 1989 publication of the National Council of Teachers of Mathematics ' 
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(NCTM) Curriculum and Evaluation Standards for School Mathematics is the call for student 

collaboration and small group interactions. Around that time, the constructivist approach became 

a popular trend in mathematics education and has been since the 1990s; however, it has not 

gained the ground in classrooms that one might expect. 

Although reform movements consistently incorporate student cooperation as a 

predominant goal, such student engagement has not been largely employed considering the 

popularity of a traditional teacher-directed approach in school mathematics (Stigler & Hiebert, 

1999, 2009). Often students are passive learners who learn procedures through rote 

memorization rather than concepts by exploration. Findings have highlighted the following 

reasons for its lack of advancement: (a) teachers feel pressure from high-stake assessments 

(Raymond, 1997) and the related teacher evaluations (Martin, 2016), (b) teachers believe the 

process of converting to a sociocultural approach from the conventional pedagogical approach is 

challenging for both the teacher and students (Ball, 1996), and ( c) student collaboration is time 

consuming (Kosko & Wilkins, 2015). 

With the most recent reform movement, the adoption of the Common Core State 

Standards for Mathematics (CCSSM, 2010), we once again see a call for high-discourse, 

collaborative settings. A Vygotskian approach would align classroom instruction with the 

behavioral expectations suggested by the authors of the Standards for Mathematical Practice 

(CCSSM, 2010). Specifically, there are two standards for mathematical practices that promote 

student discourse: MP3 , construct viable arguments and critique the reasoning ofothers and 

MP6, attend to precision. 

The expectations within MP3 suggest that students construct arguments by following a 

logical progression of mathematics. Teachers should encourage students to justify conclusions 
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and facilitate students ' communication with their peers. While engaging in such practices, 

students should be using reasoning skills to compare the effectiveness of their own arguments 

with the rationale of others. The expectation of MP6 is that students communicate their ideas to 

others in a comprehendible manner. When considering MP6, teachers should focus on students ' 

ability to appropriately use mathematical vocabulary when explaining their reasoning (Pace, 

2015). This means that students must use clear and concise mathematical language. To 

accomplish this, students are expected to explore and use symbols and tools to assist their 

communication. Embedded in this mathematical practice is the importance of mathematical 

definitions and language as necessary prerequisites to communicate precisely. 

Considering the research focus of this study is mathematical vocabulary in high school 

classrooms, there are two theories that could be considered applicable. The first is Lev 

Vygotsky' s (1978) belief in the importance oflanguage through social interactions. He proposed 

that language develops thought and coined the term "sociocultural theory." Within this 

sociocultural theory, Vygotsky claimed that "language is the main tool that promotes thinking, 

develops reasoning, and supports cultural activities like reading and writing" (Vygotsky, 1978, p. 

82). 

Using Vygotsky' s sociocultural theory as a framework for mathematics education is not a 

new trend. Educational researchers have been using a Vygotskian perspective as the theoretical 

underpinning in an attempt to understand student learning since the 1980s (Forman, 1992). This 

research has ranged from studying tools used for semiotic mediation (Ball, 1995; Cobb, Wood, 

& Yackel, 1993; Bartolini Bussi & Mariotti, 2005; Radford, 2003) to case analyses that have 

used Vygotsky' s sociocultural theory of cognitive development (Jones, K., Jones, J.L. , & 

Vermette, 2010; Steele, 2001). Through this study, I hope to contribute to this field by exploring 
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current trends with respect to social settings, mathematical discourse and proper use of 

vocabulary. Like Truxaw and colleagues (2008), I chose to adopt Pirie and Schwarzenberger's 

(1988) definition of mathematical discourse-that is, "purposeful talk on a mathematics subject 

in which there are genuine contributions and interaction" (p. 460). 

By focusing on how the use of mathematical vocabulary fosters communication of 

mathematical topics, this study aligns with Vygotsky's view that language has a considerable 

influence on cognitive development. This is because Vygotsky (1962) identified that words are 

the most basic units of meaning. He claimed that knowledge of words and their definitions 

allows students to build meaning and coherently communicate ideas. 

While the importance of purposeful discourse in mathematics education has been 

exposed, many have couched the concept of collaboration in Vygotsky' s sociocultural theory 

(Truxaw & DeFranco, 2008). In addition to the importance oflanguage, Vygotsky (1962) 

claimed that social environments foster conceptual development. According to Imm and 

Stylianou (2012), Vygotsky' s sociocultural theory implies that researchers should not look solely 

at vocabulary but also at how it is utilized within a community of learners. Research has found 

that learners are given the opportunity to increase their own ability when using social interactions 

as a gateway to develop higher mental functions that aid in transitioning from thought to word 

and visa versa (Bruce, 2007; Forman, Minick, & Stone, 1993; Gresham & Shannon, 2017; 

Miller, 2013 ; Pourdavood & Patrick Wachira, 2016; Vygotsky, 1978, 1934/1987; Wells, 1999; 

Wertsch, 1985, 1991 , 1998). For this reason, it is important to analyze classroom discourse 

between the teacher and students while exploring both teacher and student use of mathematical 

vocabulary. 
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While Vygotsky' s theories of cognitive development are applicable, I argue that 

Bakhtin' s (1981 , 1993) ideas are equally relevant; however, the implications ofBakhtin's 

theories in mathematics education have been largely unexplored. This may be due to Bakhtin's 

disinterest in education or his focus on linguistic constructs. More recently, educational 

researchers are blurring the lines between disciplines as Moschkovich (2010) asserts, "borrowing 

concepts from other disciplines is a productive approach for integrating language into the study 

of mathematics learning" (p. 4). 

The underlying theme to Baktin's novel approach is dialogism. Dialogic discourse allows 

one to enter a dialogue with another as Bakhtin (1993) explains, "A single voice ends nothing 

and resolves nothing. Two voices is the minimum for life, a minimum for existence" (p. 252). 

Bakhtin claimed that dialogic discourse is living, as it is comprised of non-neutral utterances that 

embody previous voices, as well as voices present, and anticipate future responses. Classrooms 

that include both teacher and student voices during purposeful discourse are considered dialogic. 

On the contrary, monologic discourse assumes a fixed authoritarian voice. It does not allow for 

other ideas nor does it consider that any exist. When educators dominate the mathematical talk in 

the classroom, the discourse is monologic, and the teacher assumes an authoritarian position. 

One of the most important aspects of Bakhtin' s notion of dialogic discourse is the 

existence of opposing voices. Heterglossia describes the phenomena of "two or more voices or 

discourses, generally expressing alternative or conflicting perspectives" (Shields, 2007, p. 1). 

Without multiple voices to express alternate views, it would not be possible to hear, or 

understand, other positions. If there is no contradiction to one's ideas, it is impossible to develop 

a comprehensive understanding, as the individual will only be familiar with a single perspective. 

In his writings, Bakhtin ( 1981) exposes his contradiction to a mono logic way of living by stating 
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[an] orientation toward the listener is an orientation toward a specific world of the 
listener; it introduces totally new elements into his discourse; it is in this way, after all, 
that various different points of view, conceptual horizons, systems for providing 
expressive accents, various social ' languages ' come to interact with one another. (p. 382) 

Heteroglossia also describes the constant struggle between internally persuasive discourse and 

authoritarian discourse and between centripetal and centrifugal forces. Bakhtin claimed that there 

are always two forces in a dialogic battle: (a) "centripetal force which aims at centralizing and 

unifying meaning" which is used by a "social group to impose its own monologic, unitary 

perceptions of truth" and (b) "centrifugal force - the force ofheteroglossia - which stratifies and 

fragments ideological thought into multiple views of the world" (Morris, 1994, p. 15). 

Internally persuasive discourse (IPD) can be understood as "a dialogic regime of the 

participants' testing ideas and searching for the boundaries of personally-vested truths" (Matusov 

& von Duyke, 2009). IPD is in direct contrast to externally authoritative discourse in that it 

consists of more than one speaker's perspective; dialogue is interwoven with another's ideas and 

viewpoints. Matusov and von Duyke (2009) claim that using an IPD approach in the classroom 

provides teachers with the opportunity to abandon an explicit pedagogical approach. Rather than 

the teacher taking an authoritarian role by transmitting information, students are able to question 

ideas and thoughts in an attempt to develop their own truths after considering other perspectives. 

Adopting an IPD pedagogical approach may cause conflict in many teachers' beliefs of their 

roles in the classroom. To use IPD, the teacher has to abandon control and join the discussion 

without authority. Another reason that may cause avoidance by educators is the belief that this 

pedagogical approach could result in chaos with little cognitive development (Matusov, 2007). 

This is not to say that only internally persuasive discourse should be used in the 

classroom; there should be a balance between IPD and authoritative discourse, similar to the 

needed balance between centrifugal and centripetal forces. Centrifugal forces are parallel to IPD 
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in that they support creativity whereas centripetal forces focus on correct answers with no 

flexibility to explore and judge incorrect methods. As Bakhtin (1981) states, "every utterance 

participates in the 'unitary language ' (in its centripetal forces and tendencies) and at the same 

time partakes of social and historical heteroglossia (the centrifugal, stratifying forces)" (p. 75). 

Conventional pedagogical approaches in mathematics are heavily populated with authoritarian 

discourse minimizing opportunities for students to utilize IPD. Through use of a Bakhtinian style 

classroom, the struggle of these forces can reach a more balanced equilibrium. 

Research on Discourse in Mathematics Classrooms 

With the call for more dialogic classrooms, the mathematics education research 

community has defined discourse in mathematics as being more inclusive than just oral 

communication. For example, aspects such as symbolic representations (Brizuela & Cayton, 

2008; Malisani & Spagnolo, 2009; McNeil et al. , 2010; Vlassis, 2008) and gestures (Chen & 

Herbst, 2013 ; Morgan & Alshwaikh, 2012) have been considered valid ways in which students 

and teachers communicate mathematical ideas. O 'Halloran (1998) claims "mathematics is 

construed through the use of the semiotic resources of mathematical symbolism, visual display in 

the form of graphs and diagrams, and language" (p. 360). However, for the sake of brevity and 

considering this study' s focus is vocabulary in mathematics classrooms, only language and oral 

communication will be considered when looking at discourse. 

Further, Sherin (2002) identified two facets of mathematical discourse. She describes 

them as the process of mathematical discourse and the content of mathematical discourse. When 

analyzing the process of mathematical discourse, I will explore participation and participation 

patterns in class discussion by both the teacher and students. When investigating the content of 
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mathematical discourse, I will focus on the "mathematical substance of the comments, questions, 

and responses that arise" (p. 206). 

Levels of Discourse 

The four distinct levels of pedagogical approaches with respect to mathematical discourse 

are uni vocal, partial uni vocal, emerging dialogical, and dialogical. We will now explore each 

further. 

Teachers that use a univocal level explain mathematical concepts and procedures from 

one voice. This is the most authoritative method of communicating. The teacher focuses on 

conveying information to students by explicit explanation or showing them how to do the math 

(Frykholm, 1999; Scott & Mortimer, 2005). Teachers at this level are most concerned with their 

students calculating correct answers and do not support open discussions about the concepts or 

procedures. There is a lack of student-to-student discourse as well as whole class discussions. 

Teachers with this level of approach also believe that it is the teacher's job to point out incorrect 

answers by providing a correct explanation rather than allow other students to correct each other 

in the fear that they will also be wrong or confuse the student more (Chapin, O 'Connor, & 

Anderson, 2003). 

The next level, partial univocal, is not as authoritative as univocal; however, it is still 

authoritative and less dialogic in nature. Teachers that utilize this level of discourse can be 

described as those who dominate classroom discussions; they do not facilitate student-to-student 

discourse during whole class discussions nor do they encourage students to consider each other's 

ideas. They use the IRE model to communicate correct mathematical processes; however, they 

ask questions in which there is only one correct answer. These teachers funnel their students ' 

thinking and their questions do not explore student thinking (Beame, 1999). Rather the questions 
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are posed in a way that teachers can evaluate whether or not students understand the concepts. 

Like teachers with univocal beliefs, these teachers do not support student-to-student interactions. 

Although teachers at this level do not facilitate these types of discussions, they may allow 

student-to-student conversations in pairs or small groups. However, the teacher does not 

facilitate the conversations and does not elaborate on them either. Instead, they still believe in 

providing explicit step-by-step processes so that students can correctly answer questions. 

Teachers who employ the emerging dialogical level approach value both student-to

student and whole class conversations; however, when students participate in whole class 

conversations they speak directly to the teacher. Although the teacher does not facilitate student

to-student interactions during whole class discussions, the teacher provides opportunities for 

students to acknowledge others ' ideas by asking questions such as, "Does anyone agree or 

disagree?" These teachers believe that it is important to probe student thinking and support 

students ' articulation of their thinking; however, the conversations are limited to either teacher 

assistance or student sharing as a whole class without students talking to each other during the 

whole class discussion (Cobb et al. , 1997). 

The least authoritative level, dialogical, describes teachers who allow mathematical 

concepts to come to fruition through purposeful discourse. They expect their students to converse 

in small group discussions as well as whole class discussions. Instead of the whole class 

conversation being sharing in nature, it is meant for students to elaborate or argue each others' 

ideas by engaging in student-to-student discourse. This type of discussion has more than one 

view and requires students to have a common language in order to communicate ideas. Here 

students are expected to explore mathematical ideas with each other, share alternative solution 

methods and critique each other in order to construct mathematical knowledge. 
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In 2005 , the Oregon Mathematics Leadership Institute published the OMLI Classroom 

Observation Protocol as a tool to explore what levels of discourse students engage in within 

mathematics classrooms. The purpose of using the tool was to gather evidence of the types of 

mathematical discourse that students engage in while thinking about mathematical concepts or 

procedures. The OMLI Classroom Observation Protocol was used by the Oregon Mathematics 

Leadership Institute to gather evidence of the following: (a) Modes of Discourse, (b) Types of 

Mathematical Discourse, and ( c) Tools for Mathematical Discourse. The modes of discourse 

focus on who the intended audience was when each student spoke. The types of mathematical 

discourse outlined the different levels of student discourse and the tools for mathematical 

discourse described the tools students used to communicate (i.e. , verbally, using gestures, or 

images, etc.). The OMLI Classroom Observation Protocol was adapted for this study to include 

teacher discourse, vocabulary use and teacher characterization of vocabulary. For sake of brevity 

I only considered modes of discourse and types of mathematical discourse from the original 

form. 

IRE vs. IRF 

Both empirical and theoretical studies (Goos, 2004; Lampert & Blunk, 1998; Morgan, 

1996; Thompson & Rubenstein, 2000; Wood, Williams, & McNeal, 2006; Walshaw & Anthony, 

2008) have shown that discourse allows students to build conceptual knowledge by participating 

in purposeful conversations. Additionally, Cazden (1988) identified that "[t]he three-part 

sequence of teacher initiation, student response, teacher evaluation (IRE) is the most common 

pattern of classroom discourse at all grade levels" (p. 29). 

There have been conversations about whether or not the IRE model of discourse is the 

most beneficial pattern to develop students ' content understanding. More specifically, Nassaji 
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and Wells (2000) explored the different outcomes of the last part of the three-sequence 

conversation (Nassaji & Wells, 2000; Wells, 1999, 2000). They claim that there is more than one 

way that the teacher can use the third move. For example, if teachers use it to pose questions 

rather than evaluate students' responses, they have the ability to "solicit the students' opinions 

and conjectures" and therefore "encourage a more dialogic and exploratory stance to the topic 

under consideration" (p. 381). Truxaw and colleagues (2008) claim that if the last step is 

evaluative, then the discourse is more likely to be mono logic; however, if the last step is a 

follow-up question, then the discourse will likely be dialogic. Mortimer and Scott (2003) build 

on this idea by claiming that teachers use an alternative triadic discourse pattern, IRF that 

sometimes turns into IRFRF, where the RF steps continue between the teacher and student. Here 

the "F" stands for feedback meaning that the teacher does not simply evaluate the student, but 

provides elaborative feedback to illicit a student response to make the discourse more purposeful 

and dialogic. 

Using Cazden' s pattern of discourse and the work of others (Lampert & Blunk 1998; 

Truxaw & DeFranco, 2008), Imm and Stylianou (2012) further analyzed how discourse affects 

learning outcomes in mathematics and found that there are different levels of discourse within 

various classrooms. Imm and Stylianou (2012) classified classrooms as low discourse 

classrooms, high discourse classrooms, or hybrid discourse classrooms. Their findings suggest 

that low discourse classrooms fostered procedural understanding rather than conceptual 

understanding. Furthermore, low discourse classrooms did not focus on students' mathematical 

knowledge; rather, the teacher's mathematical knowledge took center stage in these classrooms 

in an authoritative manner. In contrast, the expectation within high discourse classrooms is that 

students construct mathematical knowledge rather than rely on the teacher as the mathematical 
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authority. Students are expected to ask questions and actively participate in whole-class and 

student-to-student discussions while the teacher facilitates these conversations by prompting 

students to justify and explain their mathematical reasoning, guiding students to gain conceptual 

understanding. Lastly, teachers who used a hybrid discourse model used both low discourse and 

high discourse pedagogical moves. Imm and Stylianou (2012) found that although classroom 

discussions in hybrid discourse classrooms included many important ideas and conceptual 

understanding, the teacher tended to lead the conversation towards procedural fluency. This 

shows that although students had the flexibility to discuss their mathematical reasoning, the 

teacher was ultimately the mathematical authority within the classroom. 

For this study, previous research (Cazden, 1988; Mortimer & Scott, 2003 ; Imm & 

Stylianou, 2012) was used to create a backdrop for analyzing discourse patterns in secondary 

mathematics classrooms. The purpose of using the discourse patterns is to identify the type of 

discourse classrooms that exist at the secondary level and to determine if other themes exist 

within different types of classrooms. 

Promoting Purposeful Discourse 

When Casa, McGivney-Burelle, and DeFranco (2007) set out to develop an instrument to 

measure pre-service teachers' attitudes towards school mathematics discourse, they uncovered 

that there exists a multitude of methods that teachers use to effectively incorporate discourse. 

Among the different methods, Casa and colleagues (2007) found there are three main areas over 

which teachers have direct control that impact how discourse is implemented in the classroom. 

These include: the teacher 's role, the type of mathematical task, and the classroom environment 

(NCTM, 1991 ; Rahal & Melvin, 1998; Casa et al. , 2007). 
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The NCTM's (2014) Principles to Actions posited that mathematics teachers should pose 

purposeful questions to: advance students' reasoning about mathematical concepts and 

connections, use evidence of student thinking to continuously adjust instruction to support and 

extend students' thinking, support productive struggle as students grapple with mathematical 

ideas and relationships, encourage all students in problem solving, and make connections 

between problem solving strategies. Teachers of mathematics should also facilitate meaningful 

mathematical discourse to build shared language and understanding of mathematical ideas and 

strategies. Teachers can facilitate students' discussions by using a variety of instructional 

strategies, such as posing questions that do not simply rely on regurgitation of facts and 

procedures. For instance, they can instead ask questions that are higher in cognitive demand 

(Clement, 1997), and they can expect students to explore and explain alternative solution 

strategies (Chazan & Ball, 1995; Hiebert & Weame, 1993). In summary, mathematics teachers 

have recently been challenged to abandon traditional pedagogical techniques that adopt an 

authoritative voice and instead embrace the complex task of adjusting instruction to incorporate a 

more dialogic approach by choosing purposeful tasks that elicit deeper mathematical 

understanding through discourse, productive struggle, and flexibility in instruction. Teachers 

should make these adjustments deliberately to support student development rather than trying to 

accommodate recent reforms. 

In order for students to engage in purposeful discourse while teachers facilitate student

to-student and whole-class discussions, mathematics teachers must implement tasks that promote 

reasoning and problem solving (NCTM, 2014). This means that the tasks must be high in 

cognitive demand in order to engage students in "solving and discussing tasks that promote 

mathematical reasoning and problem solving and allow multiple entry points and varied solution 
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strategies" (NCTM, 2014, p. 10). When students are challenged with problem-solving tasks of 

this nature, teachers are placing higher-level cognitive demands on the students. Further, teachers 

should choose tasks that have the potential to strengthen student engagement by drawing on 

students ' prior knowledge and experiences (Cross et al. , 2012; Kisker et al. , 2012; Moschkovich, 

2010) by understanding how contexts, culture, and language affect student engagement. These 

types of tasks also encourage students to be actively engaged while interacting with classmates 

and in their learning (NCTM, 2000; Prevost, 1996). 

If the task has multiple entry points along with varied solution strategies, it provides the 

opportunity for the teacher to actively select and sequence student solutions (in an attempt to 

connect different solution methods), create an environment where students critique each other, 

and comment on the efficiency of different strategies. This lays the foundation for teacher 

opportunities to further promote effective discourse when reconvening the students into a whole 

class discussion in an attempt to further students ' mathematical reasoning of mathematical ideas 

(NCTM, 1991 , 2000, 2014; Ball, 1991 ; Prevost, 1996). It should be noted that if a teacher 

chooses a task that holds all the above properties, it is not guaranteed that purposeful discourse 

will come to fruition. Previous studies have found that high cognitive demand tasks are difficult 

to implement and are often transformed into low cognitive demand tasks with over-scaffolding 

on the part of the teacher (Borko, Davinroy, Bliem, & Cumbo, 2000; Goldsmith, Doerr, & 

Lewis, 2014; Stein, Grover, & Henningsen, 1996; Stigler & Hiebert, 2004, NCTM, 2014). 

Stein and Smith (1998) outlined four categories of cognitive demand: memorization, 

procedures without connections to concepts or meaning, procedures with connections to 

concepts and meaning, and doing mathematics. The first two categories (i.e. , memorization and 

procedures without connections to concepts or meanings) are considered low-demand tasks, 
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while the second two (i.e. , procedures with connections to concepts and meaning and doing 

mathematics) are considered high-demand tasks. These categories served as the primary lens to 

analyze artifacts and tasks posed during observation sessions. 

According to Stein and Smith (1998), memorization tasks are best identified by the recall 

of previously learned facts. In such tasks, no procedure is present; there is solely reliance on 

memory. The second low-demand category of tasks is referred to as procedures without 

connections and is marked by individuals using procedures to obtain correct answers with 

disregard to possible connections to concepts. This is commonly referred to in algebra as "plug

and-chug" tasks where students follow a certain set or sequences of steps without any thought as 

to why they are performing the steps or what these steps represent. The first of the high-level 

categorization for tasks is denoted by procedures with connections. In them, individuals use 

procedures to delve deeper to understand concepts and mathematical relationships. The second 

high-demand level categorization for tasks, doing mathematics, refers to situations that require 

students to explore solutions that may have multiple entry points causing a deep analysis of the 

content. 

In addition to the teacher 's role and type of mathematical task posed during instruction, 

the way in which the teacher has cultivated the classroom environment is an essential facet to 

promoting mathematical discourse. As mentioned earlier, the traditional lecture style of teaching 

that utilizes an authoritative voice does not allow for a balance in mathematical authority. Rather 

than mathematical reasoning being the validity of a solution, the teacher evaluates student 

responses as correct or incorrect. A classroom environment that promotes discourse has to be 

both rigorous and nurturing of students ' thoughts and contributions (Ball, 1991 ; Brown & 

Renshaw, 1999; Chazan & Ball, 1995; Lappan, 1997; Prevost, 1996). In order for the 

23 



TEACHER AND STUDENT DISCOURSE 

environment to take on a dialogic approach, all students must be expected and encouraged to 

participate in both student-to-student discussions as well as whole-class conversations (Arthurs 

& Duarte, 2000; NCTM, 2000). Teachers may foster this type of environment by valuing student 

opinions, explanations, and justifications during these discussions. Additionally, teachers should 

welcome students ' initiation of discussions (Eichner & Roth, 1991 ). 

Teachers can foster dialogic discussions by encouraging student-generated questions. In 

fact, student-generated questions can serve many different functions . According to Chin and 

Osborne (2007), when students ask questions, they provide evidence that they are grappling with 

mathematical concepts and trying to make connections to previous learning. The authors identify 

questioning as a technique for students to focus their attention on new concepts, activate their 

prior knowledge, and help them identify what they understand or do not know. Another function 

that student questions serve is that they allow the teacher to gauge students ' current 

understanding. Chin and Osborne (2007) claim that student questions reveal the quality of 

students ' conceptual understanding, if students possess any confusion about topics and students ' 

interests with respect to concepts. 

Fostering student questions is a pedagogical approach that could support alignment with 

the CCSSM. If students ask quality questions that extend their knowledge of concepts, the 

teacher has the ability to distance herself or himself from being the mathematical authority and to 

tum the classroom into a dialogic environment. Although the importance of student questions is 

relevant within mathematics education given the CCSSM mathematical practices, such as MP3 

where students are expected to question in order to critique their own reasoning and the 

reasoning of others, there is seemingly little to no existing research with respect to student 

questions in mathematics education. Some have attributed this lack of research to the recent 
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focus on teachers ' questioning techniques (Shahrill, 2013 ; Walsh & Sattes, 2016) or the 

historical rareness of student-generated questions (Dillon, 1988; Graesser & Person, 1994). 

There is, however, research on student questions within science education. Chin and 

Brown (2002) identified that there are many different types of student questions. The authors 

used two broad categories, basic information questions and wonderment questions, based on the 

work of Scardamalia and Bereiter (1992). After inductive analysis, they developed two 

subgroups of basic information questions: factual and procedural. Basic information questions 

were oflower cognitive demand than wonderment questions. The authors identified/actual 

questions as closed in nature and only required recall of information. Procedural questions 

referred to inquiries about how to carry out a procedure or ask for clarification with respect to a 

specific procedure (Chin & Brown, 2002). 

On the other hand, wonderment questions were of higher cognitive demand. The 

categories that have been established by previous research (Chin & Brown, 2002) include: 

Comprehension ,prediction, anomaly detection and planning or strategy. Students generate 

comprehension questions to seek explanations about a mathematical idea. Prediction questions 

reflect students' curiosity and were identified when a student posed, "What would happen if. .. ?" 

Anomaly detection questions were student-generated questions that expressed skepticism. 

Finally, planning or strategy questions referred to the questions students asked when they were 

exploring strategies without a teacher provided procedure. These questions built on prior 

knowledge and required an extension of learning, included conjectures or predictions and 

reasoning (Chin & Brown, 2002). 

One purpose of this study is to explore how discourse is implemented in secondary 

mathematics classrooms during whole class discussions. Regardless of the level of discourse 
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evident during observations, it is important to also consider: The role that the teacher chose 

during whole class discussions, the types of tasks the teacher posed to the students, and whether 

the environment encouraged student ideas and questions. For this study, the role that the teacher 

takes will be determined by the duration of teacher utterances versus the duration of student 

utterances. The type of tasks used will be determined using Stein and Smith's (1998) cognitive 

demand of tasks framework. Finally, the environment will be determined by the frequency of 

student-generated questions . 

Research on Vocabulary in Mathematics Classrooms 

Although discourse is a familiar concern in mathematics education research, it is a broad 

topic. Foundational topics that are related and essential to consider for the study of discourse 

include vocabulary, notation, and syntax. Recently, research has focused on how to teach 

vocabulary in the classroom (Hughes, Powell, & Stevens, 2016; Kenyon, 2016; Riccomini et al. , 

2015). For example, Herbel-Eisenmann (2009) highlights the use of vocabulary to guide students 

to deeper understanding rather than merely scratching the surface. Vocabulary in mathematics 

has been argued as a building block necessary for students to engage in purposeful discourse 

(Shields, Findlan, Portman, 2005). Roe, Stoodt, and Bum (1995) maintain that a key component 

to understanding concepts is the development of mathematical language through vocabulary. 

Similarly, Thompson and Rubenstein (2000) propose that students use language to process 

mathematical ideas, which leads to mathematical meaning making. In short, the mathematics 

education research community has provided evidence of a relationship between mathematical 

vocabulary and students ' ability to communicate ideas through shared discourse. 

Miller (1993) states, "Without an understanding of the vocabulary that is used routinely 

in mathematics instruction, textbooks, and word problems, students are handicapped in their 
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efforts to learn mathematics" (p. 312). Miller (1993) uses this characterization to explain that 

students may possess enough procedural information to solve problems, but their ability to 

respond may be hindered if they lack vocabulary fluency. Like Miller (1993), Cass (2009) 

explains "without the correct mathematical vocabulary, students have difficulty engaging in 

meaningful discussions" (p. 152). The focus of Cass ' argument is students ' ability, or lack 

thereof, to contribute to classroom discourse. The lack of knowledge of mathematical vocabulary 

may discourage students from communicating ideas, depriving them of the opportunity to build 

conceptual knowledge through dialogue. 

There are four categories of vocabulary that aid in the development of mathematical 

concepts: technical, sub-technical, general and symbolic (Monroe & Panchyshyn, 1995). Like 

any content area, mathematics includes not only technical vocabulary that is content-specific 

( e.g. , "asymptote" or "quadratic") but also sub-technical vocabulary that students may have 

heard in their everyday lives ( e.g., "degrees" and "factor"). Sub-technical vocabulary has a 

congruent, but ultimately different, meaning when used in the context of mathematics as 

compared to its use in real life (Thompson & Rubenstein, 2000; Biemiller, 2001 ; Gifford & 

Gore, 2008). In order for students to be successful in mathematics, explicit distinctions must be 

made from everyday language and mathematics language. Students are most familiar with 

general vocabulary as it is closest to everyday language; however, these words are not always 

taught in reading class or found in grade level reading materials (e.g., "more than" or "at least"). 

Lastly, symbolic vocabulary includes alpha-numeric symbols along with other symbols and 

abbreviations that are neither part of the alphabet or numeral system (e.g.," ,r" or "<"). Due to 

the complex nature of vocabulary in mathematics, it follows that there exists a need to consider 

vocabulary in school mathematics classrooms. 
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Problems of Current Research Literature on Discourse and Vocabulary 

Previous studies that have explored vocabulary in mathematics classrooms primarily 

focus on vocabulary instruction strategies (Bruce, Mraz, Nichols, Rickelman, & Wood, 2009; 

Fisher & Frey, 2008; Monroe & Orme, 2002; Monroe & Panchyshyn, 1995; Sherman, 

Richardson & Yard, 2015). The purpose of these articles is to outline practical suggestions of 

how to increase students' use of mathematical vocabulary (Bravo & Cervetti, 2008; Bromley, 

2007; Schleppergrell, 2007). Not only do vocabulary publications focus on instruction rather 

than current use, most of their publish dates are prior to the CCSSM. This indicates a need to 

analyze the current trend in mathematical vocabulary in secondary classrooms since the adoption 

of the new standards. 

Another noticeable trend in mathematical vocabulary publications is the focus on early 

childhood students (Rubenstein & Thompson, 2002; Rudd, Lambert, Satterwhite, & Smith, 

2009) and English language learners (Coggins, 2007; Gutierrez, 2002; Moschokovich, 2012). 

More specifically, authors focus on the effects of improving mathematical vocabulary knowledge 

in arithmetical achievement (Johnson, 1944). Due to the audience of these articles, many of them 

have been published in linguistic journals rather than mathematics education journals. 

There also exists a gap in the research literature regarding possible implications 

mathematics vocabulary acquisition may have on students' conceptual understanding. Monroe 

and Panchyshyn (1995) claim that teaching vocabulary in mathematics is essential to develop 

understanding as it provides access to concepts. Riccomini and colleagues (2015) not only 

support the claim that vocabulary affords access to concepts, they extend this idea by claiming 

that vocabulary knowledge is essential for students to communicate high order mathematical 

reasoning. Previous research has suggested a relationship between mathematics vocabulary 
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knowledge and mathematics comprehension (Shields et. al, 2005); however, the authors claim a 

gap in the research exists between understanding the importance of mathematics vocabulary and 

vocabulary knowledge instruction by teachers . 

Summary 

The author of this study agrees with previous research in that discourse and vocabulary 

are necessary for conceptual understanding. However, previous studies that focus on 

mathematical discourse and vocabulary predominantly identify its importance, discuss 

difficulties for teachers and students, or propose teaching strategies deemed successful to change 

the classroom dynamic from low discourse to high discourse classrooms. This study adds to the 

research base in that I will analyze teachers ' and students ' current use of discourse and 

mathematical vocabulary. The following chapter describes the design of the study including the 

participants, instruments and data collection methods, and the methods of analysis. 
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Chapter 3 

METHODOLOGY 

The first two chapters established the need for a study that explores secondary 

mathematics teachers ' and students ' use of discourse and vocabulary. This chapter is divided into 

four sections. The first section describes the participants and then the background information 

that is applicable to this study. The next section describes the procedures taken to gain school 

access as well as recruitment details. The third section describes the data collection and sources 

that were employed during this study. The last section gives a detailed description of how the I 

analyzed the data from each source including qualitative methods. 

Research Design Overview 

This study used a collective case study design (Creswell, 2013; Yin, 2009) to investigate 

how secondary teachers address discourse and vocabulary in mathematics classrooms. A 

collective case study involves a logic-of-replication design, in which the study consisted of four 

different participants as cases with the same study design for each case (Creswell, 2013; Yin, 

2009). I chose to perform a collective case study model to illustrate the type of vocabulary used 

and the level of discourse evident in secondary mathematics classrooms using multiple cases. 

Qualitative research methods (e.g. , classroom observations and post-observation 

questionnaires) were used to explore themes in secondary mathematics classrooms with respect 

to cognitively challenging discourse and precise vocabulary. Classic works on qualitative 

research (e.g., Glesne, 2011 ; Spradley, 1980) informed much of the data collection and analysis 

methods for this study. An overview of the research design can be found in Table 1. Four 

teachers were selected based on their teaching schedule and current courses taught. Classroom 
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observations, post-observation questionnaires and artifacts were collected from each teacher for 

this dissertation study. 

Table 1 
Overview ofStudy Design 

Qualitative Research Study 
Participants • 4 teachers from a suburban school in the Pacific Northwest 

• 1 class of students for each teacher participant 
Data Collection • Recruiting questionnaire 

• 3 video-recorded classroom observations for each teacher 
• Post-observation questionnaires completed after each of the 

lessons 
• Artifacts ( e.g. , teacher made materials including warm-ups 

and review sheets and the district-provided curriculum) 
Analytical Framework • Type of lesson 

• Teacher level of discourse 
• Student level of discourse 
• Amount of teacher vs. student talk 
• Vocabulary type used 
• Teacher response to vocabulary 

Table 1 provided an overview of participants, data collection and analytical framework in 

this study. The following sections provide further details on the qualitative research methods of 

the study. 

Participants 

Data was collected from a convenience sample consisting of four high school 

mathematics teachers and one set of classroom students for each teacher. I proposed the study to 

eight secondary mathematics teachers, four of which agreed to participate. The criteria that were 

considered during purposeful sampling include the following in their respective order: (a) current 

courses being taught and (b) time restrictions and scheduling considerations. All four teachers 

were selected to participate in that two teachers, Mrs. Shultz and Ms. Wolfe, were currently 

teaching Integrated Mathematics I (Mathematics Vision Project [MVP] , n.d.) and the other two 
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teachers, Mr. Hayford and Mr. Brugnoli were teaching Geometry (using the MVP curriculum). 

This provided me with a constant variable in the case that comparisons might be made. Mrs. 

Shultz, Ms. Wolfe, Mr. Hayford and Mr. Brugnoli (all pseudonyms) all work for the same school 

district as I; however, they teach at a different high school campus, but at the same high school 

as each other, Kennedy High School (also a pseudonym). 

The school district, of which Kennedy High School is a part, recently adopted a new 

three-year mathematics curriculum to start at the beginning of the 2016-2017 academic year. 

While the district's curriculum adoption committee convened to decide on the best curriculum to 

adopt, two of Kennedy High School 's mathematics teachers piloted the current curriculum 

(during the previous academic year) that was eventually adopted. Both Mrs. Schultz and Ms. 

Wolfe were members of the district 's curriculum adoption committee. The district finalized its 

decision to adopt the MVP curriculum by recommendation of the committee. Of the four teacher 

participants, Mrs. Schultz and Mr. Brugnoli used the current curriculum during the previous 

academic year. Also, approximately half of the Geometry students have experience working 

through the current curriculum; however, this was the first year of exposure to the current 

curriculum for the other students. Because of the recent curriculum adoption, a year-to-year 

rollout of the curriculum has been implemented and for the first year of full implementation both 

Geometry and Algebra 2 kept their titles, but the Algebra course was changed to the title 

Integrated Mathematics I. Additionally, both the Mathematics Integrated I and Geometry 

teachers used the MVP curriculum. As time moves forward, Geometry and Algebra 2 will 

change titles to Integrated Mathematics II and Integrated Mathematics III, respectively, and 

Integrated Mathematics III teachers will use the Mathematics Vision Project curriculum. Before 

the adoption of the new curriculum, the pathway for students to earn three years ofhigh school 
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mathematics credit was to take Algebra, Geometry and Algebra 2 ( or another mathematics 

course that would satisfy a third year of mathematics). After the adoption, the district converted 

this pathway to an integrated model eliminating the isolation of topics. The updated pathway is 

no longer separated into two algebra courses and one geometry course; instead, it consists of 

three courses that each include the following topics: number sense, algebra, geometry, 

probability and statistics. 

Previous research has found that participating in professional development opportunities 

that highlight different models of instruction using student-centered and dialogic discourse have 

been useful when trying to align instruction to reform movements that move away from 

authoritative discourse (Oliveira, 2010). All teachers had the same opportunities for professional 

development including whole day sessions presented by the teachers development group (TDG), 

which included a studio teacher from the high school. The studio teacher is a current 

mathematics teacher who works closely with a TDG consultant to plan and enact a mathematics 

lesson during the regular school day. The lesson focuses on implementing the eight standards of 

mathematical practice (CCSSM, 2010) and is observed by other mathematics teachers in the 

district then reflected upon within whole group discussions including the TDG consultant, the 

studio teacher, and observation teachers. At the time of this study, the district had been 

implementing TDG trainings for the mathematics department for three years. During these 

trainings, the studio teacher worked closely with the TDG presenter to plan and implement a 

lesson for other teachers to observe and analyze using the mathematical practices. The focus of 

these professional development sessions was to promote conceptual development through 

discourse and student engagement. Other professional development opportunities that the 
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participants had access to were afterschool, in-service sessions that were course specific. During 

these sessions teachers would discuss curriculum and assessments. 

Participant information pertinent to this study is (a) the course observed, (b) years of 

teaching experience, ( c) years of experience teaching with the current curriculum and ( d) level of 

involvement in professional development. Years of teaching experience is included because 

mathematics teachers have recently been required to make a paradigm shift from univocal 

teacher approaches to more dialogic practices. The years of experience teaching with the current 

curriculum is included because it provides more information about previous teaching experience 

as the previous curriculum was teacher-centered whereas the current curriculum is more aligned 

with the CCSSM standards for mathematical practice. Research states that in order to implement 

the new standards, institutions will have to make major adjustments to curriculum and instruction 

(Kober & Rentner, 2012). Previous studies also claim that professional development 

opportunities have significant influence on teachers ' transition to the CCSSM (Bostic & Matney, 

2013). An overview of participant characteristics can be found in Table 2. 

Mrs. Shultz has been teaching mathematics for 18 years and currently teaches Integrated 

Mathematics I, Pre-Calculus and Pre-Calculus (taught for college credit in the high school). At 

the time of this study, she had been teaching Integrated Mathematics I with the current 

curriculum for one and a half years. She has been attending the TDG trainings for three years and 

served as the studio teacher the second year of implementation. Mrs. Shultz also attended all in

service professional development opportunities that focus on the Integrated Mathematics I 

curriculum. The course that was observed from Mrs. Shultz was Integrated Mathematics I and 

consisted of 24 students, 13 of whom were male. Of the 24 students, 23 were freshmen and one 

was a sophomore. Lastly, four students had individual education programs (IEPs ). 
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Ms. Wolfe has also been teaching mathematics for 18 years and currently teaches 

Integrated Mathematics I and Algebra 2. At the time of this study, she had been teaching 

Integrated Mathematics I with the current curriculum for a half year. Ms. Wolfe no longer 

attends the TDG trainings; however, she served as the studio teacher during the first year of 

implementation. Although she does not attend the TDG trainings, she does attend the in-service 

sessions provided by the district that focus on the Integrated Mathematics I curriculum. I 

observed her teaching Integrated Mathematics I which consisted of 21 students, 14 of whom 

were male. Of the 21 students, 17 were freshman, two were sophomores, one was a junior and 

another was a senior. One student enrolled in Ms. Wolfe's class had an IEP. 

Mr. Hayford has been teaching mathematics for 23 years and currently teaches Geometry, 

Geometry Support, AP Calculus AB and Pre-Calculus. The Geometry Support class consisted of 

students who struggle with mathematics and received teacher recommendation during the 

previous year. Students took this course concurrently with Geometry. Course work for this class 

generally supported the work being done in Geometry while focusing on identifying and 

targeting students' gaps in mathematical knowledge and skills . During observations, he had a 

half-year experience teaching Geometry with the new curriculum. Mr. Hayford attended the 

TDG trainings during the first year of professional development but has since discontinued 

attendance. He does however attend the in-service trainings that focus on the Geometry 

curriculum. I observed one of his Geometry classes for this study. Mr. Hayford's Geometry class 

consisted of 26 students. Of the 26 students, 11 were male. The grade level distribution for Mr. 

Hayford' s Geometry class included the following: 5 freshman, 20 sophomores and 1 junior. One 

student had an IEP. 
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Mr. Brugnoli had 13 years of experience teaching mathematics. He currently teaches 

Integrated Mathematics I, Geometry and Statistics. During observations, he had one and a half 

years experience teaching Geometry with the current curriculum. Mr. Brugnoli has attended all 

three years of TDG trainings and volunteered to serve as the studio teacher during the third year 

of implementation. In addition, Mr. Brugnoli attends all in-service professional development 

opportunities provided by the district that focus on the Geometry curriculum. I decided to 

observe his Geometry class in order to have two participants teaching each of the Integrated 

Mathematics I and Geometry courses. Mr. Brugnoli's class consisted of21 students, 13 of whom 

were male. Of the 21 students, 5 were freshmen, 12 were sophomores and 4 were juniors. Two of 

Mr. Brugnoli 's Geometry students had IEPs. 

Table 2 
Characteristics ofStudy Participants 

Participant Course Observed/Grade level 
Mrs. Shultz • Integrated Mathematics I 

• Grades 9 - 11 

Ms. Wolfe • Integrated Mathematics I 
• Grade 9 

Mr. Hayford • Geometry 
• Grades 9 - 12 

Mr. Brugnoli • Geometry 
• Grades 9 - 11 

Teaching Experience 
• 18 years of experience 
• 1.5 years with current curriculum 
• Former Studio teacher 
• Attends all TDG training 
• Attends in-service training 
• 18 years of experience 
• 0.5 years with current curriculum 
• Former Studio teacher 
• Attends all in-service training 
• 24 years of experience 
• 0.5 years with current curriculum 
• Attends all in-service training 
• 13 years of experience 
• 1.5 years with current curriculum 
• Current Studio teacher 
• Attends all TDG training 
• Attends all in-service training 
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Data Collection Procedure 

I collected data from a school within a suburban district, Kennedy High School, located 

in the Pacific Northwest of the United States. According to the state 's Education Department, 

this school served approximately 1, 173 students each year in Grades 9 through 12 in 2014 and 

2015. About 20% of the student population is of minority descent; furthermore, 28% of the 

student body is considered to come from economically disadvantaged homes (with 28% of 

students eligible for free lunch and 4% of students eligible for reduced price lunch). 

Recruitment 

Data collection spanned a two and a half month period between April and June during the 

spring of 2017. Prior to the study, I scheduled an appointment to meet with the Kennedy High 

School principal to discuss the study and gained appropriate consent from the principal and the 

district's data and assessment committee. The University at Buffalo IRB consent form and the 

School Permission to Conduct Research can be found in Appendix A. After principal consent, I 

gained appropriate teacher participant consent by attending a Kennedy High School mathematics 

department meeting to recruit teacher participants. 

During recruitment of prospective teacher participants, they were given an information 

sheet and consent form (Appendix B: Teacher Consent Form) that explained the study and 

participant commitments. I chose participants by identifying those who teach the same courses 

and then analyzing their schedules. The chosen participants were given a random number to 

identify their materials when submitting completed questionnaires in an attempt to keep data 

confidential. Once participants were chosen, I contacted each to set up a time to visit their 

classrooms to speak with students about the study and give each student an information sheet and 

consent form for students (Appendix C: Student Consent Form) and parents (Appendix D: Parent 
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Consent Form) to indicate their willingness to participate or opt-out. Students were told that their 

participation was optional and that none of the data collected would influence their mathematics 

grade. They were provided a release and sealable envelope along with the consent forms and told 

to hand-in their completed forms in the sealed envelope regardless of their decision to their 

teacher. This was to further provide assurance that their decision would not impact their grade 

and ensure that the teachers were not aware of which students were participating in the study. 

To ensure that the participants did not feel forced to participate in the study against their 

wills (Bogdan & Biklen, 2007), I chose to recruit educators who teach in a high school that is 

different than the one where she is employed. The purpose of this choice was two-fold: (a) 

teachers were less likely to feel influenced than if they had been in a study with a colleague in 

the same high school and (b) I was unknown to students, so they were less likely to feel pressure 

to participate in order to protect or impact their grade. When recruiting teachers, it was made 

clear that participation in this study was optional, all information was confidential, and their 

decision to participate or opt-out would not influence their yearly teacher evaluations. Further, 

when recruiting students, it was made clear that participation in the study was optional, all 

information would be confidential and their decision to participate or opt-out would not affect 

their grades. 

Researcher Role 

According to Spradley' s (1980) levels of participant observer, my degree of involvement 

during observations primarily occurred at a "low" degree, as the role of passive participant by 

finding a designated "observation post" that was out of the way of instruction to take field notes. 

When students were working in small groups, I toured the room to more closely listen to student 

discourse. During this time there were two occasions in Mr. Hayford's class that I intervened 
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because the students had mathematical misconceptions that were not being addressed. Other than 

these two occurrences, I had no interactions with the teacher or the students during observations. 

The video recording of the lesson started as soon as the teacher began the lesson and stopped 

within the last three minutes after the teacher had closed the lesson when students were putting 

away their materials. 

Research Instruments 

Three sets of data were collected from the four teachers via: (a) a recruiting 

questionnaire, (b) observations with post-observation questionnaires, and ( c) artifacts, including 

curriculum and teacher-made materials for students. 

Recruiting Questionnaire 

The first instrument, Recruiting Questionnaire, consisted of two distinct sections. It can 

be found in Appendix E. The first section asked participants about their current teaching 

schedule and which courses they were currently teaching. This was to guide me as to which 

participants would be most accessible due to time restrictions and scheduling conflicts during 

observations. Additionally, this allowed me to select participants that teach the same course in an 

attempt to keep mathematical topics consistent during observations. 

The second section asked participants for demographic information such as : years of 

professional teaching experience, years of professional teaching experience in mathematics, 

highest level of education completed, and gender. These items were adopted from Truxaw and 

colleagues (2008) and included within this study for reasons stated earlier. 

Observations with Post-observation Questionnaires 

The purpose of classroom observations was two-fold: (1) determine how teachers address 

discourse within the classroom and (2) identify if vocabulary plays a vital role in communication 
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in the classroom. Each teacher completed a post-observation questionnaire after each observed 

lesson. 

In addition to video-recording the lesson, I used a Classroom Observation Discourse and 

Vocabulary Form (Appendix G), adapted from the Oregon Math Leadership Institute (OMLI), to 

record lesson episodes and evidence of mathematical discourse and mathematical vocabulary. 

Although discourse has been defined to include verbal, non-verbal and written language (Gee, 

1999), the primary focus of this instrument is spoken communication, which is aligned with this 

study. The original OMLI Classroom Observation Protocol (Weaver, Dick, Higgins, 

Marrongelle, Foreman, & Miller, 2005) had to be adapted for two reasons . First, it was meant to 

exclusively document the quantity and quality of student mathematical discourse. Since this 

study was meant to focus on both teachers' and students ' mathematical discourse, it was adjusted 

to include teachers ' mathematical talk. Second, because this study was meant to also include 

more detailed information regarding vocabulary, additional coding schemas and columns needed 

to be developed to include vocabulary during observations. Table 3 provides an overview of the 

guidelines for completing each column of the Classroom Observation Discourse and Vocabulary 

Form. Codes and detailed descriptions for each field are included later in this chapter. However, 

Appendix F includes a quick reference guide regarding codes used for the Classroom 

Observation Discourse and Vocabulary Form. 

Table 3 
General Instructions for Classroom Observation Discourse and Vocabulary Form 

Field 
Episode1 

Explanation 
Check ONE column that best describes how students are grouped 
for the episode. Column options include: Large group, Pairs/small 
group, Individual. 

Start/End Times 

Transcript** 

Record the time of day that each talk tum starts and when it ends 
to the nearest second. 
Transcribe each teacher and student utterance. 
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Pattern** Record the pattern of discourse during each episode. 
Options include: TI= Teacher initiation, SR= Student response, 
TE = Teacher evaluation, TF = Elaborative feedback. 

Mode* Record who the speaker is and who the intended audience is. 
Options include: T-S = Teacher to student, T-G = Teacher to group 
or class, S-T = Student to teacher, S-S = Student to student, S-G = 
Student to group or class, IND= Individual reflection. 

Discourse Record if the teacher is interactive. 
Interaction** Options include I= Interactive and NI= Non-Interactive. 
Teacher Level of Record the level of teacher discourse. 
Discourse** Options include: U = Univocal, PU = Partial univocal, ED = 

Emerging dialogic, D = Dialogic. 
Student Level of Record the type each turn of student talk. 
Discourse* Options include: A= Answering, S = Making a Statement or 

Sharing, E = Explaining, Q = Questioning, C = Challenging, R = 
Relating, P = Predicting or conjecturing, J = Justifying, G = 
Generalizing, IR = Individual reflecting. 

Vocabulary Record every incident of teacher or student use of vocabulary 
Codes** observed. Write the vocabulary word in addition to assigning a 

category for every vocabulary word spoken by the teacher and the 
students. 
Options include: TECH = Technical, SUB = Sub-technical, GEN = 
General, SYM = Symbolic. 

Teacher Response Record the teacher 's response to vocabulary use during each 
to Vocabulary** observation. 

Options include: PI= Passively ignores, AI= Actively ignores, 
ADD = Addresses, F = Addresses family words, M = 
Misleads/incorrect. 

1A change in the grouping is a good indicator that an episode has ended and a new one is about 
to begin. 
*These fields and explanations were revised from those in the original OMLI Classroom 
Observation Protocol. 
**These fields and explanations were developed and introduce for the purpose of this study. 
They were not part of the original OMLI Classroom Observation Protocol 

Due to the comprehensive nature of the Classroom Observation Discourse and 

Vocabulary Form, I conducted repeated observations of the video-recordings to make reliable 

ratings and coding. During the first viewing of the video-recordings, preliminary data such as 

episode type, start/end times and episode description were recorded. The second viewing served 

as a means to record patterns and transcribe all discourse during the observation session. A third 
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viewing was conducted to distinguish between the types of student questions asked. I then 

analyzed data to code the remaining two categories: Discourse Codes and Vocabulary Codes. 

There was also a post-observation questionnaire that each teacher participant completed 

after each field observation that asked the following questions: "Did this lesson tum out different 

from what you planned?"; "If so, in what ways?"; "How typical was this lesson for the 

students?"; "What do you think students learned from this lesson, and what they still need to 

learn?"; "What challenges did you confront in encouraging students to engage in mathematical 

discourse?"; "What do you plan to do in the next lesson with these students?" The purpose of 

these questions was to gain further insight to the teacher 's reflection about the lesson. The post

observation questionnaires were completed and returned to me within 48 hours. 

Artifacts 

The purpose of collecting class materials was to organize classroom observations. It also 

allowed for analysis of the cognitive demand of the tasks. Class materials were also analyzed to 

determine if they had an influence on the level of discourse within the classroom. The artifacts 

that were collected during this study were student materials from each observation session; most 

teachers used the same curriculum materials; however, there were lessons for which the 

participants created supplemental materials. 

Coding and Analysis Methods 

Due to the various sources of collection, data including a recruitment questionnaire, three 

post-observation questionnaires, observations and collection of artifacts, qualitative methods of 

analysis were used to find emerging themes. The observations were most useful in providing 

insights to how vocabulary was addressed (Research Question 1) and what level of discourse was 

evident in the classroom (Research Question 2). Additionally, the artifacts aided in the 
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exploration of the cognitive demand of tasks in relation to classroom discourse (Research 

Question 2). 

Classroom Discourse and Vocabulary Coding 

Observations and classroom artifacts were useful when using qualitative data analysis 

methods. I first created field notes during class observations in addition to using the Classroom 

Observation Discourse and Vocabulary Form and then reviewed the collected data following the 

field observations. The collected data from observations and artifacts were used to identify 

emerging themes and answer the research questions that guided this study. 

An analysis of the completed Classroom Observation Discourse and Vocabulary Form 

was most useful in analyzing field observations. An explanation of the coding system, which was 

used for classroom discourse and classroom vocabulary, follows shortly. The reason for using a 

coding schema during the classroom observations was two-fold. The first reason was to allow me 

to quickly and accurately record evidence of mathematical discourse and vocabulary. The second 

was to maintain consistency amongst classroom observation data collection. 

The data from field notes taken during the classroom observations were analyzed in three 

phases, with analyses for patterns, discourse, and vocabulary. After considering the patterns of 

discourse, I analyzed classroom discourse using four categories: (a) modes of mathematical 

discourse, (b) classroom interactions, ( c) types of student discourse, and ( d) teacher levels of 

discourse. Finally, analysis focused on considering: (a) the category of vocabulary words and (b) 

the teacher's characterization of vocabulary. The following sections describe each analysis phase 

in detail. 

Patterns of discourse. In the first analysis phase, I analyzed the structure of the 

discourse patterns noted in the lessons using Cazden' s (1988) IRE model. This model uses the 
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following trichotomy of categories to organize classroom discourse: "teacher initiation (I), 

student response (R), and teacher evaluation of the student response (E)" (Imm & Stylianou, 

2012, p. 133). Due to previous research findings that suggest that there are alternative teacher 

moves for the third step of the sequence (Nassaji & Wells, 2000; Wells, 1999, 2000, Mortimer & 

Scott, 2003), I included another code for teacher feedback (F), in addition to coding for teacher 

initiation, student response, and teacher evaluation. 

Modes of mathematical discourse. The various modes of mathematical discourse during 

an episode describe who spoke an utterance and the intended audience for the utterance. For 

purposes of this paper, an utterance refers to "any stretch of talk, by one person, before and after 

which there is silence on behalf of that person" (Harris, 1951 , p. 14). I used each stretch of talk 

or utterance from a person ( whether from the teacher or a student) as the unit of analysis for 

modes of mathematical discourse. It was possible for an utterance to take on multiple codes if the 

intended audience changed during a stretch of talk. For example, a teacher might have been 

addressing the entire classroom of students then ended the utterance by asking one particular 

student a question. The teacher's utterance in this case would have two codes since the first 

intended audience was all students and the second intended audience was one student. The 

following table provides the coding schema including the code, definition and explanation for 

modes of mathematical discourse. 

Table 4 
Coding Schema for Modes ofMathematical Discourse Adapted from OMLI (Weaver, Dick, 
Higgins, Marrongelle, Foreman, & Miller, 2005) 

Code Definition Explanation 
T-S Teacher to Student The teacher primarily addresses one student even though 

the entire class or group hears the teacher's comments. 
T-G Teacher to Group The teacher addresses a small group of students or the 

entire class. 
S-T Student to Teacher The student primarily addresses the teacher even though 

the entire class or group hears the student's comments. 
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S-S Student to Student The student addresses another student. 
S-G Student to Group The student addresses a small group of students or the 

entire class. 
IND Individual Reflection The student utters his or her reflections about 

mathematics 

Note that this table was adapted from OMLI to include the modes of mathematical discourse that 

relate to both the teacher and the students. 

Classroom interactions . The classification of the nature of classroom discourse as being 

either dialogic or authoritative was not dependent on the number of people interacting. 

Mathematical talk can be considered dialogic whether it is uttered individually or between 

people. The difference between dialogic and authoritative approaches is that the former 

represents more than one point of view. 

This point leads to another dimension that was considered when studying the classroom 

interactions. Talk can be interactive, in the sense of allowing the consideration of others' ideas, 

or non-interactive in the sense of excluding others' thoughts. Although this dimension could 

apply to both teachers and students, I focused on the teachers' utterances as the unit of analysis . 

The interactive/non-interactive dimension is binary in nature; either the teacher 

acknowledges another's voice or does not. The following table includes the notation system 

including the code, definition, and explanation for this dimension. 

Table 5 
Coding Schema for Classroom Interactions 

Code Definition Explanation 
Interactive The teacher acknowledges another's response. 

NI Non-Interactive The teacher does not acknowledge another's response. 

Types of student discourse. Purposeful mathematical discourse is a continuous process 

in which students engage in various types of discourse at different cognitive levels. Student 

contributions may be of low cognitive demand when their utterances simply answer a question or 
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make a statement with no explanation. On the other hand, students may increase the cognitive 

demand of discourse by explaining, questioning, justifying, or challenging the mathematical 

ideas. The first three (i.e. , explaining, questioning, and justifying) involves students ' discussion 

their own ideas or the ideas of others; however, challenging is more likely to be dialogic in 

nature since it typically involves only the ideas of others. Further, by increasing the cognitive 

demand, students have the opportunity to lead discussions to form new generalizations or 

conjectures. Table 6 provides the coding, level, definition, explanation, and a representative 

example for each of the various types of student mathematical discourse I documented during 

classroom observations. The unit of analysis was each student utterance. 

Table 6 
Coding Schema for Types ofStudent Discourse Adapted from OMLI (Weaver, Dick, Higgins, 
Marrongelle, Foreman, & Miller, 2005) 

Code Level Definition Explanation Representative example 
A 1 Answering A student gives a short answer to "I wrote angle, angle, 

a direct question from the teacher side." 
or another student. 

s 2 Making a A student makes a simple "It's not between A and 
Statement or statement or assertion, or shares B ." 
Sharing his or her work with others and 

the statement or sharing does not 
involve an explanation of how or 
why. For example, a student 
reads what she wrote in her 
journal to the class. 

E 3 Explaining A student explains a "Because the A came 
mathematical idea or procedure first. And it's like the 
by stating a description of what same exact angle." 
he or she did, or how he or she 
solved a problem, but the 
explanation does not provide any 
justification of the validity of the 
idea or procedure. 

Q 4 Questioning A student asks a question to "When it says to list the 
clarify his or her understanding transformations, does that 
of a mathematical idea or mean the steps?" 
procedure. 
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J 5 Justifying 

IR 6 Individual 
Reflecting 

G 7 Generalizing 

R 8 Relating 

C 9 Challenging 

p 10 Predicting or 
Conjecturing 

A student provides a justification 
for the validity of a mathematical 
idea or procedure by providing 
an explanation of the thinking 
that led him or her to the idea or 
procedure. The justification may 
be in defense of the idea 
challenged by the teacher or 
another student. 
A student makes a statement that 
indicates his or her own 
understanding of a concept or 
procedure. 
A student makes a statement that 
is evidence of a shift from a 
specific example to the general 
case. 

A student makes a statement 
indicating that he or she has 
made a connection or sees a 
relationship to some prior 
knowledge or experience. 
A student makes a statement or 
asks a question in a way that 
challenges the validity of a 
mathematical idea or procedure. 
The statement may include a 
counter example. A challenge 
requires someone else to 
reevaluate his or her thinking. 
A student makes a prediction or a 
conjecture based on their 
understanding of the 
mathematics behind the problem. 
For example, a student may 
recognize a pattern in a sequence 
of numbers or make a prediction 
about what might come next in 
the sequence or state a 
hypothesis a mathematical 
property they observe in the 
problem. 

"Angle AEQ is an 
opposite interior angle 
and then that angle is a 
vertical angle of angle 
FEH." 

"Oh, I understand it 
now." 

"When the angle of 
reference is B, the sine is 
the same as the cosine 
when the angle of 
reference is A." 
"So I got the same 
answer, but in a very 
different way." 

"Okay, but why wouldn't 
a translation then a 
reflection work?" 

"I think that tangent will 
always be the reciprocal." 
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Teacher levels of discourse. Classroom observations of teachers ' discourse were coded 

using the levels of discourse (i.e. , univocal, partial univocal, emerging dialogic , dialogic) 

described in Chapter 2. The primary reason for this was so that I could explore any relationships 

between the teachers ' level of discourse and the students ' types of discourse. Additionally, it 

allowed for comparisons between the teacher participants when considering emerging themes. 

Each teacher utterance was used as a unit of analysis. Table 7 provides information on the code, 

level, definition, and explanation and then supplies a representative example for the levels of 

teacher discourse during field observations. 

Table 7 
Coding Schema for Levels ofTeacher Discourse 
Code Level Definition Explanation Representative Example 

U 1 Univocal The teacher explains "So the thing about the 
mathematical ideas and scale factor, in order for it 
explicitly shows how to solve to do it's job, it has to 
mathematical problems using a apply to every aspect, the 
step-by-step process. side lengths of the shape. 

We can't just pick and 
choose. If we pick and 
choose, we change the 
shape." 

PU 2 Partial The teacher asks questions to "Are there any missing 
Univocal check students ' mathematical side lengths here?" 

reasoning or to guide them to a 
correct solution. 

ED 3 Emerging The teacher encourages students "Take a minute, grab 
Dialogical to explore multiple ways of some thinking from 

thinking about mathematics and someone at your table. 
to share their thoughts with one We ' ll randomly draw for 
another. someone's thinking in a 

minute." 
D 4 Dialogical The teacher engages students in "Explain to Jennifer what 

a conversation with one another you wrote down there. 
to justify their mathematical Listen to what she 
thinking and argue about has ... the difference in 
mathematical ideas. what you two wrote." 
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Category of vocabulary words. As described in Chapter 2, there are four categories of 

vocabulary that are used in mathematics classrooms to aid in the development of mathematical 

concepts. Since one of the primary research questions guiding this study considers how 

vocabulary is addressed in mathematics classrooms, I recorded the technical, sub-technical, 

general, and symbolic vocabulary words ( or phrases) spoken by both the teacher and students as 

the units of analysis. Table 8 includes the code, definition, explanation and a representative 

example for each category of vocabulary. 

Table 8 
Categories of Vocabulary 
Code Definition Explanation Representative Example 

T Technical Vocabulary that is mathematics "Pre-image" 
specific. 

ST Sub-technical Vocabulary words that have "Factor" 
congruent, but ultimately different 
meanings depending on if the word 
is used towards a specific 
mathematical concept or a topic that 
is not mathematics related. 

G General Words that are used in everyday "Shape" 
language. 

S Symbolic Symbols including alphabet symbols, "Triangle ABC" or "Four 
numerals, non-alphabet symbols and squared plus six squared 
abbreviations. This could be one equals c squared" 
word or a phrase. 

Teacher characterization of vocabulary. Another layer I used to analyze field notes 

was to organize data by investigating how the teacher characterized vocabulary. During a 

preliminary study (Martin, 2016), I used a general inductive analysis approach (Thomas, 2006) 

so that the data from classroom discussions were qualitatively analyzed to uncover any emerging 

themes. Without having a pre-generated list of categories, using an inductive approach allowed 

me to make sense of the data through frequent occurrences. Using data from classroom 

discussions, Martin (2016) first developed a list of categories based on how the teacher 

49 



TEACHER AND STUDENT DISCOURSE 

interacted with students regarding the mathematical vocabulary embedded in each task. After 

categorizing the tasks, I collaborated with a second coder to develop appropriate titles for each 

characterization. In the Martin (2016) study, the author inductively identified five categories: 

passively ignores , actively ignores , addresses , addresses family words , and misleading/incorrect, 

each of which are described in Table 9. These categories were used to code the teachers ' 

responses to vocabulary during classroom observations within this study. 

To analyze the characterization of vocabulary, clear definitions were identified and used 

to code observations of how the teacher used, brought attention to, or lacked using any 

applicable vocabulary when demonstrating how to solve mathematical problems or discussing 

mathematical ideas. The table below includes the code, definition, and explanation for each 

category. Representative situations for each are given below Table 9. 

Table 9 
Teacher Response to Vocabulary 

Code Definition Explanation 
PI Passively Ignores The teacher does not reference the vocabulary evident in 

the task posed. 
AI Actively Ignores The teacher does not reference the vocabulary, but also 

guides students to use a problem-solving strategy that is 
irrelevant to the term. 

A Addresses The teacher explicitly directs attention to the vocabulary 
in the task posed. 

F Addresses Family Words The teacher brings students attention to words that are 
closely related to the vocabulary word embedded in the 
task. 

M Misleads/Incorrect The teacher uses vocabulary to incorrectly explain 
content or misleads students of the true meaning of the 
concept. 

The category passively ignores refers to when the teacher does not reference the 

vocabulary evident in the task posed. Instead, the teacher solves the problem with no use, nor 

any mention, of the vocabulary. For example, a task prompts students to calculate the relative 
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error in calculating the area of a rectangular floor, but the teacher tells students to use the 

formula "difference over actual" with no discussion regarding terms such as "relative error" or 

"area." 

The category actively ignores refers to situations when the teacher does not reference the 

vocabulary but, rather, uses a problem-solving strategy that is irrelevant to the term. For 

example, consider a task that explicitly states that two quantities vary directly. However, the 

teacher uses equivalent fractions to solve the problem. In this case, there is evidence that the 

teacher purposefully uses a different method to formulate a solution that the vocabulary in the 

task suggested. 

The category addresses applies to situations in which the teacher explicitly directs 

attention to the vocabulary in the task posed. For instance, if a task describes a cylinder with 

given parameters and asks students to calculate the volume, the teacher may then use correct 

mathematical vocabulary when referring to the formula such as fielding a discussion on what a 

cylinder looks like, including the terms: base, diameter, radius, and height. 

The last category of teacher response to vocabulary is addresses family words. Family 

words describe terms that are related to each other. An example of the use of family words from 

the preliminary study was if a task used the word "product," the teacher would ask students to 

define family words. The family words that might be considered in this situation include: sum, 

difference, and quotient since they all describe related arithmetic operations. Vygotsky (1962) 

proposes that students benefit from the use of family words by maintaining familiarity among 

new and old words (Monroe & Panchyshyn, 1995). 

Finally, there may be times that the teacher uses vocabulary to incorrectly explain content 

or mislead (coded as misleads/incorrect) students of the true meaning of the concept. For 
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example, if a multiple-choice question is written to assess students ' ability to identify the vertex 

and axis of symmetry of a quadratic function given a graph, the teacher may first guide students 

to determine the vertex and then tell them to look at the multiple-choice answers to eliminate 

choices that contained the wrong ordered pair as the vertex. Next, the teacher may direct 

students ' attention to the x-coordinate of the vertex and tell students to choose the answer that 

correctly identified the x-coordinate value as the axis of symmetry to further eliminate incorrect 

choices. In this case, the teacher does not provide students with an explanation that highlights the 

connection between the vertex and axis of symmetry of a quadratic function. Further, the teacher 

does not assess if students understand what the axis of symmetry is or if they can identify the 

axis of symmetry given a graph. 

Example of Coded Transcript 

The following excerpt illustrates a coded transcript from a whole class discussion during 

which there are four speakers, the teacher (T) and three students, Laura (L), Jayda (J) and Gabe 

(G). Highlighted sections indicate teacher utterances and vocabulary. 

General information about the observation was recorded in the first three columns in 

Figure 1: Episode Type, Start/End Times and Transcript. The first column has three sub-columns 

to indicate what type of episode was observed. As indicated in the first column, this was a large 

group discussion. The teacher led this discussion with the entire class after having given students 

time to work individually. The second column was used to record time stamps for each utterance 

during the discussion. The specific utterances are listed in the third column. 
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Episode Type Discourse Codes Vocabulary Codes 

§< 
0 

c5 
CJ eo 
8 
~ 

~ a 
~ §< 
.:::: 0 

~ c5 

~ 
.g 

j 
"O 
.:: 

"1l 
----.. Vl 
...., OJ ,_ a 
l:l --C/l E--< Transcript 

Vl 
C,_ 
CJ 
~ 
C1l 

0.. 

CJ 
"O 
0 

~ 
-~-

CJ 

~ 
E--< 

~ 

cl 
>
CJ 
~ 

B Word/Phrase 

Q
0 eo 
CJ 

~ u 
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0.. er, 
CJ 
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B 
:x: 38:16-38:17 T: Hey, so Laura this is you isn't it? TI T-S I PU 

38:17-38:18 L: Yeah. SR S-T A 
38:18-38:20 T: Okay, so tell me what you were thinking. TI T-S I PU 
38:20-38:37 L: So first I started out doing like six squared SR S-T J "six squared plus four 

_Qlus four squared equals c squared, but then I'm 
like okay well, I can't use the numbers ...so if 

squared equals c 
squared" SYM 

38:38-38:40 

38:41-38:42 
38:42-38:45 

those sides equal x two minus x one squared, 
then that's what you _Qut in and do the same for 
y. 
T: And then you got y two minus y one, also 
squared? 
L: mmhmm (nods in agreement) 
T: Equals c squared. So let's have a look at that 

TF 

SR 

T-S 

S-T 
T-S/ 

I 

NI 
A 

PU 

ED 

"numbers" 
"sides" 
"equal x two minus x one 
squared" 
"put in" 
''y'' 
"y two minus y one" 

GEN 
SUB 
SYM 

GEN 
SYM 
SYM 

AI 
PI 

and then I have a different one for you to look T-G "squared" SYM 

38:46-38:47 
38:48-39:01 

at. 
J: Sox one minus x two squared? 
T: uhuh (nods in agreement) plus y two minus y 
one squared equals c squared. Now I want to 

S-T 
T-S/ 
T-G/ 

NI/ 
Q 

U/ 
ED 

"equals c squared" 
"x one minus x two 
squared" 
"plus y two minus y one 

SYM 
SYM 

SYM 
show you what Gabe wrote, because his is squared equals c 
slightly different. And Gabe, how is yours squared" 
different? TI T-S I 

39:03-39:04 G:Um ... SR S-T A 
39:04-39:05 
39:06-39:22 

T: From the one we just saw? 
G: I put parenthesis around x two minus x one 

TF 
SR 

T-S 
S-T 

I 
J 

ED "parenthesis" 
"x two minus x one" 

SYM 
SYM 

and I squared it ... [pause] ... like after it. Like you "squared" SYM 
don't square each one. You square the whole. "square" SYM 

39:22-39:23 
39:23-39:24 

T: Did you guys all hear that? 
Students say "yeah." 

TI 
SR 

T-G 
G-T 

I 
A PU "square" 

"whole" 
SYM 
GEN 

Figure 1. Example of Coded Transcript. 
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The fourth column was used to record patterns of classroom discourse. As seen in Figure 

1, four of the utterances were coded as teacher initiation (TI) indicating that the teacher initiated 

the discussion. There were also two utterances that were coded as teacher feedback (TF) 

signifying that the teacher provided a comment or question to encourage the student to continue 

his or her thoughts. Of the seven student utterances, six were student responses (SR) to either 

teacher initiation or feedback. Note that there were two utterances that were not coded. This was 

because the predetermined categories did not apply to either utterance. 

The fifth column, with its four sub-columns, was used to code and analyze classroom 

discourse. The first sub-column of this section, Mode, was used to indicate who the speaker was 

and who the intended audience was. The teacher spoke to an individual student (T-S) in seven 

instances, and there are six examples of when a student spoke with the teacher as the intended 

audience (S-T). The whole class was the intended audience during three of the teacher' s 

utterances (T-G), while the whole class responded once to the teacher (G-T) . It is worth 

mentioning that two of the teacher 's utterances have multiple codes shown by a forward slash (/). 

This indicates that the intended audience changed during her tum of talk. For example, during 

time stamp 38:42-38:45 the teacher finished her statement to Laura (T-S) then addressed the 

entire class (T-G). 

The second sub-column, I-NI, was used to code and analyze classroom interactions using 

only teacher utterances. As seen in Figure 1, six utterances were coded as interactive (I) 

indicating that the teacher anticipated a response. There were also two utterances that were coded 

as non-interactive (NI) signifying that the teacher did not allow for a response. The utterance 

during time stamp 38:42-38:45 was coded as both non-interactive and interactive (indicated by a 

forward slash) . During this time, the teacher answered a student's question with a statement and 
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did not allow for a response representing a non-interactive utterance. However, the second part 

of the utterance was interactive since it requested a response from the student, Gabe. 

The third sub-column, (S) Type, was used to code the student level of discourse during 

discussions. As seen in Figure 1, four utterances were coded as answering (A) indicating that the 

student(s) responded to teacher prompts using a short answer. Students were justifying (J) a 

mathematical idea in two instances. Lastly, Jayda' s utterance was coded as questioning (Q) 

indicating that she asked a question. 

The last sub-column, (T) Level, was used to code the teacher level of discourse. There 

were three utterances coded as emerging dialogic (ED) indicating that the teacher was 

acknowledging others' ideas by encouraging students to share their thoughts. Four utterances 

were coded as partial univocal (PU) because the teacher asked made a comment or asked a 

question to assess students. During time stamp 38:48-39:01 , the utterance was coded as both 

univocal (U) and emerging dialogic (indicated by a forward slash) because the teacher explicitly 

told a student the mathematical answer using uni vocal discourse then encouraged Gabe to 

explain his solution to the whole class using emerging dialogic discourse. 

The sixth column, with its three sub-columns, was used to code mathematical vocabulary. 

The first column, Word/Phrase, was used to record any mathematical word or phrase used to 

communicate mathematical thinking. The second sub-column, Category, was used to code the 

type of vocabulary for each word/phrase recorded in the previous sub-column. Of the 17 

word/phrase entries, 13 were coded as symbolic (SYM) indicating that the vocabulary included 

symbols or numerals. Three of the words/phrases were coded as general (GEN) vocabulary 

indicating the use of everyday language to communicate mathematical ideas. Finally, there is one 

example of sub-technical (SUB) vocabulary when a student used the word "sides" which can be 

55 



TEACHER AND STUDENT DISCOURSE 

applied towards a mathematical concept or a topic that is not mathematics related. The last sub

column, (T) Response, was used to record any observations of the teacher' s response to 

vocabulary. There was one occasion that the teacher passively ignored (PI) the student's use of 

general language, the student used the phrase "put in" rather than the sub-technical vocabulary 

"substitute." It was also noted that both the students and the teacher continued to say "x one" and 

"y one" to communicate "x subscript one" and "y subscript one" ( or even the abbreviated form 

"x sub one" and "y sub one"), which was coded as actively ignores (AI). 

Inter-rater Reliability 

To ensure the reliability of the coding process, one-third of the observations were 

randomly selected and coded by a second researcher. The second coder used the same 

descriptions provided in the Classroom Observation Discourse and Vocabulary Form to code 

each teacher and student utterance including each vocabulary word uttered during observations. 

The second coder also had access to relevant sections of the theoretical framework to gain 

further insights to each coding schema. The inter-rater reliability was computed with Scott's Pi 

since all the data included only nominal level variables and there were only two coders 

(Lombard, Snyder-Duch & Bracken, 2002). A coefficient between 0.4 - 0.7 is deemed as 

substantial, whereas a coefficient between O. 7 - 1.0 is considered high reliability. For the four 

lessons that were coded by a second coder, inter-rater reliability for all categories was found to 

be acceptable including discourse patterns (rr = 0.93), discourse interaction (rr = 0.85), level of 

teacher discourse (rr = 0.75), level of student discourse (rr = 0.84) and type of vocabulary (rr = 

0.82). After Scott's Pi was calculated for each category, both the second coder and I met and all 

coding differences were settled by consensus. 
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Task Coding 

The artifacts collected during observations included both the adopted curriculum 

materials and teacher-generated supplemental materials. Some of the supplemental materials 

served as warm-ups to a lesson, extensions of tasks, guided notes in lieu of the adopted materials, 

and review sheets. The materials were dissected to isolate classroom tasks. 

Considering the call for conceptual understanding in both the NCTM standards 

documents and the CCSSM, I included another level of analysis involving classification of the 

teachers' approach to problem solving during instruction. As outlined in Chapter 2, the type of 

mathematical task can influence the level of discourse in the classroom. Previous studies have 

found that students are exposed to more learning opportunities if the mathematical tasks require 

higher cognitive demand, reasoning, and communication. I used the four categories of cognitive 

demand outlined by Stein and Smith (1998) to code tasks : memorization,procedures without 

connections to concepts or meaning, procedures with connections to concepts and meaning, and 

doing mathematics. To increase the reliability of task coding, I consulted with a person who has 

a Ph.D. in Mathematics Education to determine the cognitive demand of four tasks. Since there 

was 100% agreement, the rest of the tasks were coded independently. Table 10 includes the 

definition, level, explanation and a representative example for each cognitive demand. 

Table 10 
Cognitive Demand ofTasks 

Code Definition Level Explanation Representative Example 
M Memorization Lower-Level The task requires State the Pythagorean 

Demands students to reproduce Theorem. 
previously learned facts. 

PWOC Procedures Lower-Level The task is procedural in Use the Pythagorean 
without Demands nature. It has no Theorem to find missing 
connections connection to the side lengths of a right 

concepts that underpin triangle. 
the procedures. The 
focus of the task is to 
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compute correct answers 
rather than develop 
conceptual 
understanding. 

PWC Procedures Higher-Level The task requires Calculate areas of 
with Demands students to use squares to develop an 
connections procedures to develop a understanding of the 

deeper level of Pythagorean Theorem. 
understanding of 
mathematical concepts. 
The task uses multiple 
representations to 
develop meaning. 

DM Doing Higher-Level The task does not Generalize the distance 
Mathematics Demands suggest a pathway. It formula. 

requires students to 
consider relationships 
between mathematical 
structures, concepts, and 
procedures. 

Methods of Analysis 

There were three stages of analysis after all transcripts were coded. The first stage 

consisted of compiling and analyzing relative frequencies for each code including: (a) teacher 

level of discourse, (b) student level of discourse, ( c) discourse patterns and ( d) types of 

vocabulary used by both the teacher and students. Other data analyzed included the amount of 

time ( duration in minutes) that teacher and student utterances accounted for during each lesson. 

This stage of analysis took approximately 20 hours for each teacher participant. In addition to 

analyzing the codes for each participant, an overall cross-case comparison was conducted. 

The second stage of analysis included a cross-case comparison of all teacher participants 

using the type of lessons as the lens of comparison. This analysis took approximately 15 hours to 

complete. Likewise, the third stage of analysis, which also took approximately 15 hours to 
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complete, consisted of another cross-case comparison of all teacher participants using the types 

of tasks used during the observations as the lens of comparison. 

Summary 

This chapter provided information about procedures, participants, data collection and 

sources, and data analysis for the proposed study. First, this chapter gave an overview of the 

school demographics along with how I gained access to the site. Then, the study participants 

were described. Next, the data collection sources were described including questionnaires, 

observations, and artifact collection. Next, the methods of data coding analysis, for observations 

and tasks were described. The next chapter will provide the results of this study. 
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Chapter 4 

FINDINGS 

The previous chapters included the justification for the study, grounded the study in 

theory, and provided information on the study's participants, data collection, and data analysis 

methods. In this chapter, I now discuss the findings from the study. 

This chapter is organized into four sections that provide results for each teacher 

participant. Each section is divided into five sub-sections. In the first sub-section, results for the 

types of lessons observed are presented including: (a) the placement of lesson with respect to the 

learning unit, (b) information how students were grouped, and ( c) the types of mathematical 

tasks assigned during the lesson. In the next three sub-sections, results related to teacher 

discourse, student discourse, and teacher-student discourse interactions, including the volume of 

discourse and the turns of talk are provided. These first four sub-sections will help to answer the 

second research question: What level ofdiscourse is evident in high school mathematics 

classrooms? Finally, the last sub-section includes results related to teacher and student 

vocabulary; it will help answer the first research question: How is vocabulary addressed in 

secondary mathematics classrooms? 

Mrs. Schultz 

Type of lessons observed for Mrs. Schultz. During the three observations with Mrs. 

Schultz, she taught two middle-of-the-unit lessons, and one introduction lesson. Table 11 below 

provides an overview of each lesson. 

Table 11 
Overview ofLessons During Mrs. Schultz's Observations 

Observation Type of Lesson Unit Number of Tasks 
1st observation Middle-of-the-unit Construction, Congruence & Proof 3 
2nd observation Introduction Connecting Algebra & Geometry 3 
3rd observation Middle-of-the-unit Modeling Data 3 
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During the first observation, Mrs. Schultz 's students were working through a unit titled 

"Construction, Congruence & Proof" Mrs. Schultz implemented a self-created lesson to teach 

students how to use the Hypotenuse-Leg (HL) criterion to prove triangles are congruent. This 

lesson was an extension of the fourth lesson of the unit, which Mrs. Schultz taught the previous 

day. During the previous class, students learned other congruency criteria that may be used to 

prove two triangles are congruent (i.e. , finding congruent combinations, such as angle-angle

side, angle-side-angle, side-angle-side and side-side-side), as well as two criteria that are not 

sufficient by themselves for proving triangles are congruent (i.e. , the angle-angle-angle and side

side-angle combinations). The lesson was comprised mostly of whole class discussions with two 

distinct occurrences where students worked individually or in small groups (groups of two, three 

or four students). In Mrs. Schultz ' s classroom, student desks were organized into groups of four. 

The lesson during the first observation consisted of three tasks. Mrs. Schultz wrote the 

directions for the first task on the board before students entered the room. The directions read, 

"List all the types of triangle congruencies we found yesterday that work. List the types of 

triangle congruencies we found that did not work." This task was rated to be oflow cognitive 

demand (memorization) , since it required students to recall congruency facts they had learned the 

previous day and accounted for 31 % ( approximately 12 minutes) of the class time. 

The cognitive demand of the second task was also determined to be of low cognitive 

demand (procedures without connections) because it required students to perform procedures but 

it did not require students to make connections to the underlying mathematical concepts. During 

the second task, students were asked to find the missing side lengths of two right triangles. 

Before students started to work through the task, Mrs. Schultz asked the class, "Can anyone give 
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me a hint on how we might do that?" A student responded, "You might want to use the 

Pythagorean theorem." This interaction resulted in the task requiring little cognitive effort for an 

accurate solution. After students had completed the second task, Mrs. Schultz led a whole class 

conversation to make connections between applying the Pythagorean Theorem and the use of the 

HL criterion to prove the two triangles were congruent. The second task, including the whole 

class discussion accounted for 52% ( approximately 21 minutes) of the class time. 

Following the whole class discussion, during the third task, students were directed to 

prove that two more triangles were congruent using the same technique. Students did not have to 

perform any algorithmic procedures, but they did have to make use of the HL criterion that Mrs. 

Schultz had just described. The third task was deemed to be of low cognitive demand 

(procedures without connections) because there was little ambiguity about how to complete the 

task and accounted for 17% (approximately 7 minutes) of the class time. 

During the second observation, Mrs. Schultz ' s students were working through a unit 

titled "Connecting Algebra & Geometry." Mrs. Schultz taught a lesson to develop the distance 

formula based upon the students ' prior knowledge of the Pythagorean Theorem. This was the 

first lesson of the unit, and she faithfully implemented the curriculum as written. The lesson 

consisted of three tasks and mostly whole class discussions with students working independently 

during five separate occasions. 

To launch the lesson, Mrs. Schultz read a scenario to introduce students to a real-life 

problem, which was used as the context for the first two tasks. The first task required students to 

find the length of a slanted line segment on the Cartesian plane. Students worked independently 

to find a solution. This task was rated to be of high cognitive demand (procedures with 

connections) because the mathematical task was represented in a problem situation and because 
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students were not prompted with an explicit procedure to solve the problem. Once a few students 

had an accurate answer, Mrs. Schultz led a whole class discussion to check for students' 

understanding. The first task, including the whole class discussion accounted for 3 7% 

( approximately 15 minutes) of the class time. 

After the whole class discussion, students were prompted to independently find the length 

of another slanted line segment on the same plane. This task was determined to be of low 

cognitive demand (procedures without connections) due to its repetitive and algorithmic nature 

and accounted for 25% (approximately 10 minutes) of the class time. Although the students were 

exposed to the algorithmic solution method during the first task and whole class discussion, 

students struggled to complete the problem. To support students, Mrs. Schultz gathered the class 

around the front of the Smartboard and asked one student to share his thoughts with the class. 

Mrs. Schultz then led a whole class discussion while students continued to stand in a semi-circle. 

After students demonstrated their understanding, Mrs. Schultz directed them back to their desks 

to finish the second task. 

Once students completed the second task, Mrs. Schultz read another excerpt from the 

context problem as a precursor to the third task. The final task of the lesson, accounting for 38% 

( approximately 16 minutes) of the class time, prompted students to use their algorithmic work 

from the first two tasks to find the length between any two points, (xi, y1 ) and (x2, y 2 ) , on the 

Cartesian plane. This task was deemed to be of low cognitive demand (procedures without 

connections), since it encouraged students to repeat the procedures used during the first two tasks 

using variables rather than numerical values. Mrs. Schultz heavily scaffolded this task by 

providing students with values to substitute for the variables and guiding students through a step

by-step process to answer the question. 
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During the last observation, Mrs. Schultz's students were working through a unit titled 

"Modeling Data" that consisted of ten lessons. Mrs. Schultz taught a lesson that guided students 

to explore patterns between scatterplots and correlation coefficients. This was the fifth lesson of 

the unit, and she faithfully implemented the curriculum as written. The lesson consisted of three 

tasks and mostly independent work with four occurrences of whole class episodes. Of these, only 

two episodes were interactive. 

Mrs. Schultz had begun the lesson during the previous day by having students create 

scatterplots for seven sets of data. She began the observed lesson by giving students 

approximately five minutes to complete their unfinished scatterplots, which accounted for 11 % 

of the class time. This first task was rated to be of low cognitive demand because it required 

students to reproduce material they had previously encountered. After students completed the 

task, Mrs. Schultz used teacher-directed instruction with the first data set to demonstrate which 

calculator buttons to press and the order to press them to enter data into a graphing calculator to 

find correlation coefficients. 

After her demonstration, Mrs. Schultz directed students to repeat the process for the 

remaining six data sets, independently. This task was rated to be of low cognitive demand 

(procedures without connections). This task accounted for 78% (approximately 35 minutes) of 

the class time. During this time, students helped their groupmates by reminding each other which 

calculator buttons to press as Mrs. Schultz toured the room to provide help for individual 

students. 

After most students completed the second task, Mrs. Schultz shared the answers by 

displaying a student's work using a document camera. She then used the seven correlation 

coefficients to lead a short whole class discussion based on ordering numbers from least to 
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greatest. After students demonstrated their understanding of ordering numbers, Mrs. Schultz 

redirected the students to order the seven scatterplots using the correlation coefficients, from 

least to greatest, then to make conjectures to generalize the relationship between scatterplots and 

their correlation coefficients. The first part of this task was rated to be oflow cognitive demand 

since it did not require a procedure, complex thinking or considerable cognitive effort 

(memorization). However, the second part of this task was rated to be of higher cognitive 

demand (procedures with connections) since students were challenged to compare the 

scatterplots with their respective correlation coefficients to recognize patterns and develop 

generalizations. After a few minutes, Mrs. Schultz encouraged students to share their ideas with 

the class. The third task, including the whole class discussion, accounted for 11 % (approximately 

5 minutes) of the class time. 

The first and third observed lessons occurred during the middle of a unit whereas the 

second observed lesson was an introduction lesson. Each lesson consisted of three tasks . Seven 

of the nine tasks were rated to be of low cognitive demand. Low cognitive demand tasks 

accounted for 84 % ( approximately 107 minutes or 1 hour and 4 7 minutes) of all three lessons. 

Both the second and third lesson included one high cognitive demand task. Overall, Mrs. Schultz 

used whole class discussions during the vast majority of the first and second lessons. The third 

lesson consisted of mostly independent work with few whole class discussions. 

Teacher discourse observations for Mrs. Schultz. The data results with respect to the 

type of teacher discourse observed during all three of Mrs. Schultz's observations are displayed 

in Figure 2. Each type of teacher discourse is displayed as a percentage of all utterances per 

observation. The observations were approximately the same length (Observation 1 - 40:43 ; 

Observation 2 - 41:27; Observation 3 - 45:00). 
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Observation 1 

■ Dialogic 

Observation 2 ■ Emerging Dialogic 

■ Partial Univocal 

■ Univocal 

Observation 3 

0% 100% 

Figure 2. Bar Graph Showing Mrs. Schultz's Teacher Discourse for Each Observation 

Throughout the first observation, when Mrs. Schultz taught students about the HL 

criterion, her utterances were primarily partial univocal. Of her 116 teacher utterances during 

this lesson, 69% of her utterances were used to assess students' understanding as she guided 

them through the lesson. The rest of the teacher turns of talk were divided similarly between 

univocal discourse and emerging dialogic discourse, measuring 16% and 15% of her utterances, 

respectively. This indicates that 84% of Mrs. Schultz's utterances were interactive. There was no 

observation ofdialogic discourse during this observation. 

During the second observation, when Mrs. Schultz taught students about the distance 

formula, her speech was primarily partial univocal. Similar to the first observation, 56% of her 

122 utterances were used to check for student understanding. The second most common level of 

discourse used by Mrs. Schultz was univocal (32% of her utterances), indicating that 68% of her 

utterances were interactive. The rest of the teacher turns of talk were emerging dialogic (11 % of 

all utterances) and dialogic (1 % of all utterances). 

During the final observation, when Mrs. Schultz taught students about correlation 

coefficients, her utterances were primarily univocal. In contrast to the first two observations, 
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64% of her 44 utterances were rated as univocal. This indicates that less than half, 36%, of Mrs. 

Schultz ' s utterances were interactive. Mrs. Schultz 's discourse was rated to be partial univocal 

for 20% of her utterances. Like the second observed lesson, she also used emerging dialogic 

discourse (14%) and dialogic discourse (2%) during this lesson. This was the most teacher

directed lesson observed of Mrs. Schultz 's three observations. 

When comparing the three lessons through the lens of levels of teacher discourse, the first 

two lessons were most similar. During both observations, Mrs. Schultz's used partial univocal 

discourse during more than half of her utterances with univocal discourse as the second most 

frequently used level of discourse. The difference between the first two observations was that 

during the second observation, dialogic discourse was observed. The third observation differed 

from the first two since univocal discourse was the most frequently used, while partial univocal 

was the second most frequent. Dialogic discourse was only observed during the second and third 

lessons. The level of discourse that stayed consistent throughout all three observations was 

emerging dialogic discourse. 

Overall findings for levels of teacher discourse during all three observations are displayed 

in Figure 3 below. For the three observations (with a total of 282 utterances), Mrs. Schultz's 

discourse was most frequently partial univocal (56%) with 30% univocal, 13% emerging 

dialogic , and 1 % dialogic utterances. This indicates that of all 282 teacher utterances, 70% were 

interactive. 
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Figure 3. Bar Graph Showing Overall Results for Mrs. Schultz's Teacher Discourse 

Student discourse observations for Mrs. Schultz. The data findings from Mrs. 

Schultz 's observations with respect to student discourse episodes are displayed in Table 12. Each 

column represents an observation with the respective frequencies for each type of student 

discourse. 

Table 12 
Frequency Table Showing Types ofStudent Discourse Observed During Mrs. Schultz's Lessons 

Observation 1 Observation 2 Observation 3 Overall 
Type (n = 100) (n = 94) (n = 30) (n = 224) 
Answering 60 43 12 115 
Making a Statement or 
Sharing 

15 14 7 36 

Explaining 8 16 1 25 
Questioning 9 9 6 24 
Justifying 6 6 0 12 
Individual Reflecting 2 3 0 5 
Generalizing 0 0 4 4 
Relating 0 2 0 2 
Challenging 0 1 0 1 
Predicting or 
Conjecturing 

0 0 0 0 

During the first observation, when Mrs. Schultz taught a lesson about the HL criterion, 

with 100 student utterances, students used the two lowest types of discourse, answering (60%) 
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and making a statement or sharing (15% ), to communicate. The third most frequent type of 

discourse for students was questioning. Of the nine student-generated questions, eight were basic 

information questions that students asked while seeking validation of their work or clarification 

about procedures. Only one student-generated question was coded as a wonderment question that 

was asked while a student tried to develop a strategy to move forward within a task. 

The highest cognitive demand levels of student discourse observed were explaining, 

justifying and individual reflecting. Students explained their thinking during 8% of their 

utterances and used mathematical reasoning to justify their processes and/or thoughts during 6% 

of their utterances, and 2% of their utterances were statements to indicate their own 

understanding of a concept or procedure. The levels of student discourse that were absent during 

the first observation were challenging, generalizing, predicting or conjecturing, and relating. 

During the second observation, when Mrs. Schultz taught a lesson about finding the 

distance of line segments on the Cartesian plane, students most often used the lowest type of 

student discourse, answering, to communicate. Of the 94 student utterances, 46% were simple 

answers with no explanation or one-word answers. The next most frequently used low cognitive 

demand level of student discourse used was making a statement or sharing (15%). 

The higher cognitive demand levels of student discourse observed were explaining, 

questioning,justifying, individual reflecting, relating and challenging which summed to 39% of 

all utterances in this observation. Of the student-generated questions, six were basic information 

questions that students asked to seek facts or information about a procedure. Three of the 

questions were coded as wonderment questions; one was a clarification question, and the other 

two questions were planning or strategy questions. The levels of student discourse that were 

absent during the second observation were generalizing and predicting or conjecturing. 
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During the third observation, when Mrs. Schultz taught a lesson about scatterplots and 

correlation coefficients, there were 30 student utterances. Students used the two lowest types of 

student discourse, answering (40%) and making a statement or sharing (27%), to communicate. 

The third most frequent type of discourse for students was questioning. Of the six student

generated questions, all were coded as basic information. One of the questions was a factual 

question; the other five were procedural questions. 

During the third observation, the highest cognitive demand level of student discourse was 

generalizing. Students demonstrated a shift in focus from a specific example to generalizations 

during 13% of their utterances. The levels of student discourse that were absent during the third 

observation were challenging, individual reflecting,justifying, predicting or conjecturing and 

relating. 

When comparing the three lessons through the lens of types of student discourse, the first 

two lessons were once again most similar. During both observations, the types of student 

discourse that were observed were answering, making a statement, explaining, individual 

reflecting, and justifying. The difference between the first two observations was that students 

used challenging and relating discourse during the second observation. The third observation 

differed from the first two because the types of student discourse that were absent were 

explaining, individual reflecting, and justifying. During this observation, students used four types 

of student discourse: answering, making a statement or sharing, questioning, and generalizing. 

Further, the first two observations had a similar frequency of student utterances (n = 100 and n = 

94 for observations 1 and 2, respectively). The third observation had considerable less student 

talk with only 30 student utterances. 
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Throughout all three observations (with a total of 224 utterances), student discourse was 

most frequently answering (51 % ), with 16% making statements or sharing utterances. This 

indicates that 67% of student utterances were deemed low cognitive demand. The highest 

cognitive demand levels, though not the most frequently used, of student discourse observed in 

all three observations were explaining (11 % ) and questioning (11 %). The type of student 

discourse that was absent from all three observations was predicting or conjecturing, which is 

considered high cognitive demand. 

Teacher-student discourse volume and turns for Mrs. Schultz. During the first 

observation, Mrs. Schultz spoke 116 utterances that took approximately 20 minutes and 8 

seconds of the lesson (49% of the total class time). The frequency of student utterances was 100, 

which accounted for approximately 5 minutes and 9 seconds of the lesson (13% of the total class 

time). During the remaining class time, students completed seatwork either quietly or in small 

groups. Between Mrs. Schultz and the students, there were 24 occurrences of IRE discourse 

patterns and 14 occurrences of IRF discourse patterns. There were other discourse patterns such 

as a student initiation followed by a teacher response. Student initiated discourse patterns were 

not included within the analysis for this study. Further, there were times when the teacher 

evaluated (E) a student response and a student responded (R) then the teacher either initiated (J) 

another discourse pattern or evaluated (E) the student's response. Because these discourse 

patterns did not follow an IRE or IRF discourse pattern, they were not included. 

During the second observation, Mrs. Schultz spoke 122 utterances that took 

approximately 18 minutes and 40 seconds of the lesson ( 45% of the total class time). The 

frequency of student utterances was 94, which accounted for approximately 4 minutes and 56 

seconds of the lesson (12% of the total class time). During the remaining class time, students 
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completed seatwork either quietly or in small groups. There were 23 occurrences of IRE 

discourse patterns and 11 occurrences of IRF discourse patterns. 

During the third observation, Mrs. Schultz spoke 44 utterances that took approximately 

14 minutes and one second of the lesson (31 % of the total class time). The frequency of student 

utterances was 30, which accounted for approximately 1 minute and 44 seconds (4% of total 

class time). During the remaining class time, students completed seatwork either quietly or in 

small groups. There were seven occurrences IRE discourse patterns, and no occurrences of IRF 

discourse patterns. 

When comparing the three lessons through the lens of types of teacher-student discourse, 

the first two lessons were once again are most similar. During both observations, Mrs. Schultz 

had over 100 utterances, the students had 94 and 100 utterances during the first observation and 

second observation, respectively. Additionally in each, Mrs. Schultz spoke for over 18 minutes 

and students spoke for about five minutes of each lesson. Further, there was approximately the 

same amount of IRE discourse patterns during the first two lessons; likewise, there was 

approximately and the same amount of IRF discourse patterns during the first two lessons. 

The third observation differed because the frequency of teacher utterances and student 

utterances was substantially less than the first two observations. During the third observation, 

there were only 40 teacher utterances and 30 student utterances. Mrs. Schultz also spent less time 

speaking to the class, with teacher utterances making up for 14 minutes of the lesson. Similarly, 

students spent less time talking, with student utterances making up less than 2 minutes of the 

lesson. Further, during the third observation, there were less occurrences of IRE discourse 

patterns than observed during the first two observations and an absence of IRF discourse 

patterns. 
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Overall, Mrs. Schultz spoke for considerably more time (42% of total class time) than her 

students (9% of total class time) did during whole class discussions. Further, the number of 

student utterances were fewer than teacher utterances, but not by a substantial amount. It is also 

worth noting that during all three observations, there were more IRE discourse patterns than IRF 

discourse patterns indicating that Mrs. Schultz used evaluative utterances more often than 

providing elaborative feedback. 

Teacher and student vocabulary observations for Mrs. Schultz. Figure 4 displays the 

types of vocabulary used by both Mrs. Schultz and students during the first observation. During 

this lesson, Mrs. Schultz uttered 248 mathematical vocabulary words consisting of mostly 

technical vocabulary and sub-technical vocabulary. The percentage of technical vocabulary 

words Mrs. Schultz uttered was 40%, with 27% sub-technical vocabulary, 12% general 

vocabulary and 21 % symbolic vocabulary. 

General 
50% 

- Teacher 

- students 

Technical 

Figure 4. Radar Chart Showing Teacher and Student Vocabulary Use During Mrs. Schultz's 
First Observation 

During the first observation, students uttered 104 mathematical vocabulary words 

consisting of mostly symbolic vocabulary and technical vocabulary. The percentage of technical 
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vocabulary words the students uttered was 26%, with 13% sub-technical vocabulary, 19% 

general vocabulary and 41 % symbolic vocabulary. 

During the first observation, when Mrs. Schultz taught a lesson about the HL criterion, 

she purposefully addressed mathematical vocabulary by redirecting students to use proper 

mathematical language during three different occasions. The following verbal exchange between 

Mrs. Schultz and two students, Chris and Gabe, provides an example of how she encouraged 

precise mathematical vocabulary. 

Chris: It's the same triangle so it's the same as before. 

Mrs. Schultz: Okay, Gabe can you tell me why he can say that without showing 
me the work? 

Gabe: Um... [pause] . .. because they're the exact same triangle, they just have 
different letters. 

Mrs. Schultz: Okay, let's use good language. Can you say ... [pause] . . . tell me 
what sides are congruent to each other based on the math that you just did. 

Gabe: Um .. . [pause] . ..all sides are congruent to each other. 

Mrs. Schultz: Okay, I want you to tell me what side is congruent to what side 
based on the ... 

Gabe: Okay, AC is congruent to XY. .. [pause] . . . or XZ, sorry. 

During this interaction, Mrs. Schultz encouraged Gabe to attend to precision while 

communicating his ideas. When Mrs. Schultz provided feedback for Gabe to "use good 

language" he first responded with replacing the phrase "exact same triangle" with the phrase "all 

sides are congruent to each other." Mrs. Schultz continued to provide guidance until Gabe met 

her expectation with respect to using correct symbolic vocabulary to compare side lengths. 

During the first observation, there was one occurrence when Mrs. Schultz explicitly used 

general vocabulary while the students used sub-technical vocabulary. The following excerpt 

74 



TEACHER AND STUDENT DISCOURSE 

illustrates the conversation between Mrs. Schultz and five students, Gabe, Julie, Taylor, Ben and 

Athena. 

Mrs. Schultz: Now I'm going to press you. What does S-A-S mean? 

Gabe: Side, angle, side. 

Mrs. Schultz: Side, angle, side. Okay, now there was something special about the 
"A. " What was special about it? 

Julie: It has to be in between those sides. 

Mrs. Schultz: So in between, that's maybe a word that you use. What was the 
word that I used yesterday? ... [pause] .. .Does anyone remember? 

Taylor: Included. 

Mrs. Schultz: Included! That was the technical word, but even before the 
technical word, I used another word. 

Ben: Sandwiched. 

Mrs. Schultz: Sandwiched, remember? Sandwiched between. Sandwiched between 
means like you said, in between. 

Athena: It's between those two sides that like where the marks are. 

Mrs. Schultz: Oh lovely ... [pause] ... in between the sides were the marks are. 
Okay, so included. That "A " has to be included. 

During the lesson, Taylor uttered the sub-technical vocabulary word, "included," when 

she was speaking about the angle between two sides of a triangle. Mrs. Schultz redirected her to 

use the general vocabulary word she had introduced to students during the previous lesson, 

"sandwiched," but ultimately validated Taylor's response by the end of the conversation. 

Figure 5 displays the types of vocabulary used by both Mrs. Schultz and students during 

the second observation. During this lesson, Mrs. Schultz uttered 145 mathematical vocabulary 

words consisting of mostly technical vocabulary and symbolic vocabulary. The percentage of 
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technical vocabulary words Mrs. Schultz uttered was 37% with 23% sub-technical vocabulary, 

14% general vocabulary and 26% symbolic vocabulary. 

General 
50% 

- Teacher 

- students 

Technical 

Figure 5. Radar Chart Showing Teacher and Student Vocabulary Use During Mrs. Schultz's 
Second Observation 

During the second observation, students uttered 77 mathematical vocabulary words 

consisting of mostly technical vocabulary and symbolic vocabulary. The percentage of technical 

vocabulary the students uttered was 44%, with 16% sub-technical vocabulary, 10% general 

vocabulary and 30% symbolic vocabulary. 

During the second lesson, when Mrs. Schultz taught students about the distance formula, 

she mostly addressed student vocabulary use. However, neither the curriculum materials nor 

Mrs. Schultz used the words "distance formula" throughout any of the tasks. Instead, both used 

the phrase, "distance between two points" and Mrs. Schultz used "Pythagorean theorem" 

throughout the lesson. Additionally, she specifically redirected students' language by having 

them recall technical vocabulary to describe the sides of a right triangle. The following verbal 

exchange between Mrs. Schultz and two students, Jeron and Gabe, provides an example of how 

she encouraged precise mathematical vocabulary. 

Mrs. Schultz: Okay, so you noticed this is Brittany right here and what part ofthe 
triangle was Brittany's ribbon? 
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Jeron: I guess the "c." 

Mrs. Schultz: That is the "c, " and what's the other namefor that, do you 
remember? ... [pause] . . . Can anyone else help him with what the name ofthis is? 

Gabe: Unit. 

Mrs. Schultz: The "c." 

Gabe: Oh, the hypotenuse. 

Mrs. Schultz: There you go, the hypotenuse, okay. 

Figure 6 displays the types of vocabulary used by both Mrs. Schultz and students during 

the last observation. During the third observation, Mrs. Schultz uttered 116 vocabulary words 

consisting of mostly technical vocabulary and symbolic vocabulary. The percentage of technical 

vocabulary words Mrs. Schultz used was 55% with 11 % sub-technical vocabulary, 12% general 

vocabulary and 22% symbolic vocabulary. 

- Teacher 

- Students 

Technical 

Figure 6. Radar Chart Showing Teacher and Student Vocabulary Use During Mrs. Schultz's 
Third Observation 

During the third observation, students uttered 29 vocabulary words consisting of mostly 

general vocabulary and technical vocabulary. The percentage of technical vocabulary the 
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students used was 31 % with 21 % sub-technical vocabulary, 31 % general vocabulary and 17% 

symbolic vocabulary. 

During this observation, when Mrs. Schultz taught students about scatterplots and 

correlation coefficients, it was notable that she passively ignored mathematical vocabulary 

relevant to the lesson. The curriculum materials stated the following: "Use technology (graphing 

calculator or computer) to calculate the correlation coefficient," "Put the scatter plots in order 

based upon the correlation coefficients" and "Compare each scatter plot with its correlation 

coefficient. What patterns do you see?" Mrs. Schultz never used the technical vocabulary words 

"correlation coefficient." Further, she used the word "r-value" during five occurrences, but never 

explained what an "r-value" represents. 

During this observation, there was one observation of Mrs. Schultz encouraging a student 

to use technical vocabulary. The following verbal exchange between Mrs. Schultz and two 

students, Gabe and Hannah, provides an example of how she redirected students to use precise 

language. 

Gabe: They 're like the higher and lower numbers. Like negative one forms a line 
and that's like a solid number. That forms mostly a line and that's mostly a solid 
number and then the number c, that's kind ofa solid line and that's close to a 
solid number. 

Mrs. Schultz: Solid number. What's a solid number in your mind? 

Gabe: 1, 2, 3, 4, 5, 6, 7. 

Mrs. Schultz: Okay. 

Hannah: Whole number. 

Gabe: Whole number, sorry. 

78 



TEACHER AND STUDENT DISCOURSE 

Gabe was generalizing the pattern between scatterplots and correlation coefficients by describing 

that as the correlation coefficient approaches -1 or 1, the data points create a line. When Mrs. 

Schultz asked him to explain his thinking, Hannah was able to use the technical language to 

answer the question. 

When comparing the three lessons through the lens of teacher and student vocabulary, it 

was apparent that Mrs. Schultz mostly communicated using technical vocabulary. The second 

most frequently spoken type of vocabulary by Mrs. Schultz was either sub-technical vocabulary 

( during the first observation) or symbolic vocabulary ( during the second and third observations). 

She used general vocabulary the least during the first and second lessons, but used sub-technical 

the least during the third observation. There were no patterns when comparing students' use of 

vocabulary during all three lessons with the exception that they used technical vocabulary most 

during the second and third observations. 

Further, the students' use of symbolic vocabulary was greater than Mrs. Schultz's use of 

symbolic vocabulary during the first and second observations. Additionally, Mrs. Schultz's use 

of technical vocabulary was greater than the students' use of technical vocabulary during the 

first and third observations. Mrs. Schultz's use of sub-technical vocabulary was higher than the 

students' use of sub-technical vocabulary during the first and second observations. Further, the 

students' use ofgeneral vocabulary was higher than Mrs. Schultz use of general vocabulary 

during the first and third observations. 

Overall findings for teacher and student vocabulary use during all three observations can 

be viewed in Figure 7. Overall, Mrs. Schultz uttered 509 vocabulary words throughout all three 

lesson. The percentage of technical vocabulary Mrs. Schultz used was 43% with 22% sub

technical vocabulary, 13% general vocabulary and 23% symbolic vocabulary. 
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Figure 7. Radar Chart Showing Teacher and Student Vocabulary Use During All of Mrs. 
Schultz's Observations 

The students used less than half the amount of vocabulary than the teacher with 210 

vocabulary words. The students used mostly symbolic vocabulary and technical vocabulary. The 

percentage of technical vocabulary the students used was 33% with 15% sub-technical 

vocabulary, 18% general vocabulary and 34% symbolic vocabulary. 

Overall, approximately 66% ( 4 7 4 out of 719) of all vocabulary words used in Mrs. 

Schultz classroom were either technical vocabulary (40%) or symbolic vocabulary (26%). The 

two least frequently used types of vocabulary during all three observations was sub-technical 

vocabulary (20%) and general vocabulary (14%). 

Ms. Wolfe 

Type oflessons observed for Ms. Wolfe. During the three observations with Ms. Wolfe, 

she taught a review lesson, a middle-of-the-unit lesson, and an introduction lesson. Table 13 

below provides an overview of each lesson. 

Table 13 
Overview ofLessons During Ms. Wolfe's Observations 

Observation Type of Lesson Unit Number of Tasks 
1st observation Review Transformations and Symmetry 1 
2nd observation Middle-of-the-unit Construction, Congruence & Proof 2 
3rd observation Introduction Connecting Algebra & Geometry 4 
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During the first observation, Ms. Wolfe 's students were working through a unit titled 

"Transformations and Symmetry." Ms. Wolfe implemented a self-created lesson to review 

properties of special quadrilaterals and characteristics of regular polygons. She provided students 

with a review sheet to prepare for a formative assessment that was administered two days later. 

The lesson was comprised mostly of whole class discussions with two distinct occurrences where 

students worked individually or in pairs. In Ms. Wolfe's classroom, student desks were 

organized into pairs. 

Ms. Wolfe started the lesson by handing out the review sheet consisting of nine problems. 

She prompted students to work independently on the front page while she checked students' 

homework assignment from the previous day. The first problem of the review sheet required 

students to create a square given a line segment on a Cartesian plane as its diagonal. Students 

were then prompted to verify that the figure they created was a square. The next set of questions 

required students to identify rigid-motion transformations used to create images from a pre

image. The last section required students to identify properties including the number of diagonals 

and lines of symmetry as well as the degrees of rotational symmetry of a regular octagon. 

Although there were nine problems included within the review sheet, Ms. Wolfe only used two 

problems to facilitate whole class discussions. She then used another problem to share completed 

student work in an attempt to support struggling students. This task was rated to be of low 

cognitive demand (procedures without connections) because each problem was either a review of 

procedural knowledge or required students to recall mathematical facts and accounted for 100% 

(39 minutes 26 seconds) of the class time. 
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During the second observation, Ms. Wolfe ' s students were working through a unit titled 

"Construction, Congruence & Proof' that consisted of six lessons. Ms. Wolfe taught a lesson that 

guided students to use rigid-motion transformations to prove whether polygons (including 

triangles and quadrilaterals) were congruent. This was the fourth lesson of the unit, and she used 

self-created materials to supplement the curriculum. The lesson consisted of two tasks and 

mostly independent work with three occurrences of whole class episodes, all of which were 

interactive. 

Ms. Wolfe began the observed lesson by providing students with a self-created warm-up 

task to review skills that the students learned during the previous lesson. The task required 

students to prove congruency of two triangles using rigid-motion transformations. Ms. Wolfe 

prompted students to complete the task individually or in pairs as she checked students ' work 

from the previous day. After students had sufficient time to work through the task, she led a 

whole class discussion. During the discussion, she encouraged students to share and critique each 

other's solution methods. This task was rated to be of low cognitive demand (procedures without 

connections) since it required students to reproduce material they had previously encountered 

and accounted for 54% (approximately 23 minutes) of the class time. 

After the whole class discussion, Ms. Wolfe directed students ' attention to the district

provided curriculum for the next task. The second task consisted of two problems that required 

students to write congruency statements given figures (pre-image and image) with congruent 

angles and sides marked. After students wrote the congruency statements, the students were 

required to determine if a reflection occurred as part of a sequence of transformations that was 

used to create the image from the pre-image. To launch this task, Ms. Wolfe led a whole class 

discussion to recall congruency criteria for proving that triangles are congruent (i.e. AAS, ASA, 
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HL, SAS and SSS). After the whole class discussion, students worked on this task independently 

or in pairs while Ms. Wolfe toured the room to provide individual guidance. After most students 

started work on the second problem, Ms. Wolfe redirected students ' attention to the front of the 

room to go over the first problem of the task. To do this, she asked students to share their 

answers with the class. This task was rated to be of low cognitive demand (procedures without 

connections) because it required students to perform procedures but it did not require students to 

make connections to the underlying mathematical concepts. This task accounted for 46% 

( approximately 19 minutes) of the class time. 

During the last observation, Ms. Wolfe ' s students were working through a unit titled 

"Connecting Algebra & Geometry." Ms. Wolfe taught a lesson to develop the distance formula 

based upon the students ' prior knowledge of the Pythagorean theorem. This was the first lesson 

of the unit, and she used her own materials to supplement the district-provided curriculum. The 

lesson consisted of four tasks and mostly whole class discussions with students working 

independently during two separate occasions. 

To launch the lesson, Ms. Wolfe asked a student to read a scenario to introduce students 

to a real-life problem, which was used as the context for the first task. This task required students 

to find the length of a slanted line segment on the Cartesian plane. Before students started the 

first task, Ms. Wolfe led a whole class discussion to identify possible solution methods to solve 

for the missing length of the line segment. This interaction resulted in the task requiring little 

cognitive effort for an accurate solution; therefore, the task was rated to be of low cognitive 

demand (procedures without connections). After the whole class discussion, students worked 

independently to find a solution while Ms. Wolfe provided help for individual students. Once a 

few students had an accurate answer, Ms. Wolfe led a second whole class discussion to check for 
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students ' understanding. The first task, including the whole class discussions accounted for 33% 

( approximately 14 minutes) of the class time. 

After the second whole class discussion, Ms. Wolfe led a third whole class discussion 

based on the second task within the curriculum. The task prompted students to explain how they 

found the length of the line segment. Students were not provided time to think independently, 

rather students shared their ideas with the class. During the third whole class discussion, Ms. 

Wolfe heavily scaffolded by leading students through a series of leading questions while writing 

the answers underneath the document camera. Without Ms. Wolfe's scaffolding, this task would 

have been rated as a high cognitive demand (procedures with connections) task because it 

required reflection and explanations; however, her questions diminished the level of cognitive 

effort needed to answer the prompt. The second task was considered to be of low cognitive 

demand (procedures without connections) and accounted for 11 % ( approximately 5 minutes) of 

the class time. 

After the second whole class discussion, Ms. Wolfe provided students with self-created 

guided notes for the third task. The third task of the lesson, accounting for 44% (approximately 

19 minutes) of the class time, prompted students to use their algorithmic work from the first two 

tasks to find the length between any two points, (xi, y1 ) and (x2 , y 2) , on the Cartesian plane. Ms. 

Wolfe led another whole class conversation through the second task. She first asked students to 

recall the slope formula in order to substitute point notation into the Pythagorean theorem to 

develop the distance formula. Ms. Wolfe continued to heavily scaffold this task by providing 

students with values to substitute for the variables and guiding students through a step-by-step 

process to answer the question. This task was deemed to be of low cognitive demand 

(procedures without connections) since there was little ambiguity on how to solve the problem. 
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After the class had developed the distance formula through the whole class discussion, 

Ms. Wolfe prompted students to find the distance between two points on the Cartesian plane. 

Students worked independently until the bell rang. This task was deemed to be of low cognitive 

demand (procedures without connections) because it required little ambiguity and focused on 

finding an accurate solution. It accounted for 12% (approximately 5 minutes) of the class time. 

The first lesson was a review lesson, the second lesson occurred during the middle of a 

unit whereas the third observed lesson was an introduction lesson. The first lesson consisted of 

one task, the second lesson consisted of two tasks and the third lesson consisted of four tasks. 

Each of the seven tasks were rated to be of low cognitive demand meaning that low cognitive 

demand tasks accounted for 100% ( approximately 126 minutes or 2 hours and 6 minutes) of all 

three lessons. Overall, Ms. Wolfe used whole class discussions during the vast majority of the 

first and third lessons. The second lesson consisted ofmostly independent work with few whole 

class discussions. 

Teacher discourse observations for Ms. Wolfe. The data results with respect to the type 

of teacher discourse observed during all three of Ms. Wolfe's observations can be viewed in 

Figure 8. Each type of teacher discourse is displayed as a percentage of all utterances per 

observation. The observations were approximately the same length (Observation 1 - 39:26; 

Observation 2 - 42:31 ; Observation 3 - 43:57). 
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Observation 1 

■ Dialogic 

■ Emerging Dialogic 
Observation 2 

■ Partial Univocal 

■ Univocal 
Observation 3 

0% 100% 

Figure 8. Bar Graph Showing Ms. Wolfe ' s Teacher Discourse for Each Observation 

Throughout the first observation, when Ms. Wolfe provided a review sheet, her 

utterances were primarily partial univocal. Of her 114 teacher utterances during this lesson, 47% 

of her utterances were used to assess students ' understanding as she guided them through the 

lesson. The rest of the teacher turns of talk were coded as univocal (40% of her utterances), 

emerging dialogic (7% of her utterances) and dialogic (5% of her utterances). This indicates that 

60% of Ms. Wolfe ' s utterances were interactive. 

During the second observation, when Ms. Wolfe taught students about using 

transformations to prove congruency, her speech was primarily partial univocal. Similar to the 

first observation, 56% of her 138 utterances were used to check for student understanding. The 

second most common level of discourse used by Ms. Wolfe was univocal (30% of her 

utterances), indicating that 70% of her utterances were interactive. The rest of the teacher turns 

of talk were emerging dialogic (14% of her utterances) since there was no observation of 

dialogic discourse during this lesson. 

During the final observation, when Ms. Wolfe taught a lesson about finding the distance 

of line segments on the Cartesian plane, her utterances were primarilypartial univocal. Similar 
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to the first two observations, 65% of her 134 utterances were used to check for student 

understanding. The second most common level of discourse used by Ms. Wolfe was univocal 

(31 % of her utterances), indicating that 69% of her utterances were interactive. The rest of the 

teacher turns of talk were emerging dialogic (4 % of her utterances) since there was no 

observation ofdialogic discourse during this lesson. 

When comparing the three lessons through the lens of levels of teacher discourse, the 

second and third lessons were most similar. During both observations, Ms. Wolfe used partial 

univocal discourse during more than 50% of her utterances with univocal discourse as the second 

most frequently used level of discourse. The difference between the last two observations was 

that the second observation was the lesson in which emerging dialogic discourse was observed 

the most out of all three observations. The first observation differed from the second and third 

observations since it was the only lesson in which dialogic discourse was observed. 

Overall findings for levels of teacher discourse during all three observations are displayed 

in Figure 9 below. For the three observations (with a total of 386 utterances), Ms. Wolfe ' s 

discourse was most frequently partial univocal (58%) with 32% univocal, 8% emerging dialogic , 

and 1 % dialogic utterances. This indicates that of all 386 teacher utterances, 68% were 

interactive. 
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Figure 9. Bar Graph Showing Overall Results for Ms. Wolfe's Teacher Discourse 

Student discourse observations for Ms. Wolfe. The data findings from Ms. Wolfe's 

observations with respect to student discourse episodes are displayed in Table 14. Each column 

represents an observation with the respective frequencies for each type of student discourse. 

Table 14 
Frequency Table Showing Types ofStudent Discourse Observed During Ms. Wolfe's Lessons 

Observation 1 Observation 2 Observation 3 Overall 
Type (n = 88) (n = 177) (n = 117) (n =382 ) 
Answering 52 105 84 241 
Making a Statement or 
Sharing 

14 36 8 58 

Explaining 14 14 7 35 
Questioning 4 27 10 41 
Justifying 0 3 1 4 
Individual Reflecting 4 3 3 10 
Generalizing 0 0 0 0 
Relating 0 0 0 0 
Challenging 0 2 4 6 
Predicting or 
Conjecturing 

0 0 0 0 

During the first observation, when Ms. Wolfe provided a review sheet, with 88 student 

utterances, students used the three lowest types of discourse, answering (58%) and making a 
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statement or sharing (16%) to communicate. This indicates that 74% of student utterances were 

of the lowest cognitive demand levels of communication during the first observation. 

The highest cognitive demand levels of student discourse observed were explaining, 

questioning and individual reflecting. Of the four student-generated questions, all were coded as 

basic information questions and equally divided between factual questions and procedural 

questions. The levels of student discourse that were absent during the first observation were 

challenging, generalizing,justifying, predicting or conjecturing and relating. 

During the second observation, when Ms. Wolfe taught students about using 

transformations to prove congruency, students most often used the lowest type of student 

discourse, answering, to communicate. Of the 190 student utterances, 55% were simple answers 

with no explanation or one-word answers while 19% were simple statements with no 

explanation. The next most frequently used type of student discourse was questioning (14%). Of 

these student-generated questions, 24 were basic information questions that students asked to 

seek facts or information about a procedure. Three of the questions were coded as wonderment 

questions; two were clarification questions and the other question was an anomaly detection 

question a student asked to express skepticism. 

The higher cognitive demand levels of student discourse observed other than questioning 

were explaining, individual rejlecting,justifying and challenging, although they only summed to 

12% of all utterances during this observation. The levels of student discourse that were absent 

during the second observation were generalizing, predicting or conjecturing and relating. 

During the third observation, when Ms. Wolfe taught a lesson about finding the distance 

of line segments on the Cartesian plane, there were 117 student utterances. Students used the 

lowest type of student discourse, answering (72% ), to communicate. The second most frequent 
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type of discourse for students was questioning. Of the ten student-generated questions, eight 

were coded as basic information questions. Three of the questions were factual questions; the 

other five were procedural questions. The other two were wonderment questions that students 

asked to seek an explanation in pursuit of comprehension. 

During the third observation, the high cognitive demand levels of student discourse other 

than questioning were explaining, challenging, individual reflecting and justifying, although they 

only summed to 13% of all utterances during this observation. The levels of student discourse 

that were absent during the third observation were generalizing, predicting or conjecturing and 

relating. 

When comparing the three lessons through the lens of types of student discourse, the 

second two lessons were once again most similar. During both observations, the types of student 

discourse that were observed were answering, making a statement, explaining, questioning, 

justifying, individual reflecting, and challenging. The first observation differed from the second 

and third observations because the types of student discourse that were absent were challenging 

and justifying. During this observation, students used five types of student discourse: answering, 

explaining, individual reflecting, making a statement or sharing and questioning. Further, the 

second two observations had frequencies of student utterances over 100 (n = 190 and n = 117 for 

observations 2 and 3, respectively). The third observation had less student talk with only 88 

student utterances. 

Throughout all three observations ( with a total of 395 utterances), student discourse was 

most frequently rated as answering (61 %), with 15% making statements or sharing utterances. 

This indicates that 76% of student utterances were deemed low cognitive demand. The highest 

cognitive demand levels, though not the most frequently used, of student discourse observed in 
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all three observations were explaining (9%) and questioning (10%). The type of student 

discourse that was absent from all three observations was generalizing, predicting or 

conjecturing and relating which are considered high cognitive demand. 

Teacher-student discourse volume and turns for Ms. Wolfe. During the first 

observation, Ms. Wolfe spoke 114 utterances that took approximately 20 minutes and 26 seconds 

of the lesson (52% of the total class time). The frequency of student utterances was 88, which 

accounted for approximately 4 minutes and 45 seconds of the lesson (12% of the total class 

time). During the remaining class time, students completed seatwork either quietly or with a 

partner. Although there were other discourse patterns (as mentioned within teacher-student 

discourse volume and turns for Mrs. Schultz) between the Ms. Wolfe and the students, there 

were two occurrences of IRE discourse patterns and eight occurrences of IRF discourse patterns. 

During the second observation, Ms. Wolfe spoke 138 utterances that took approximately 

21 minutes and 32 seconds of the lesson (51 % of the total class time). The frequency of student 

utterances was 190, which accounted for approximately 7 minutes and ten seconds of the lesson 

(17% of the total class time). During the remaining class time, students completed seatwork 

either quietly or with a partner. There were 24 occurrences of IRE discourse patterns and 22 

occurrences of IRF discourse patterns. 

During the third observation, Ms. Wolfe spoke 134 utterances that took approximately 19 

minutes and 42 seconds of the lesson ( 46% of the total class time). The frequency of student 

utterances was 117, which accounted for approximately 8 minutes and 44 seconds (21 % of total 

class time). During the remaining class time, students completed seatwork either quietly or with 

a partner. There were 45 occurrences IRE discourse patterns and 16 occurrences of IRF discourse 

patterns. 
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When comparing the three lessons through the lens of types of teacher-student discourse, 

the second two observations were once again most similar. During all observations, Ms. Wolfe 

had over 100 utterances and accounted for approximately 50% of each lesson. The students had 

greater than 100 utterances during the second two lessons and accounted for approximately 20% 

of both lessons. However, the first lesson differed because the frequency of student utterances 

was less than 100 and accounted for 12% of the lesson. It is also worth noting that the second 

observation differed from the other two because the frequency of student utterances (n = 190) 

was greater than Ms. Wolfe's utterances (n = 138). Further, during the second and third 

observations, there were more IRE discourse patterns than IRF discourse patterns indicating that 

Ms. Wolfe used evaluative utterances more often than providing elaborative feedback. This was 

unlike the first observation during which the frequency of IRF discourse patterns was greater 

than IRE discourse patterns. 

Overall, Ms. Wolfe spoke for considerably more time ( 52% of total class time) than her 

students (17% of total class time) did during whole class discussions. Further, during the first 

and third observations, the number of student utterances were fewer than teacher utterances, but 

not by a substantial amount. 

Teacher and student vocabulary observations for Ms. Wolfe. Figure 10 displays the 

types of vocabulary used by both Ms. Wolfe and students during the first observation. During 

this lesson, Ms. Wolfe uttered 120 mathematical vocabulary words consisting of mostly sub

technical vocabulary and technical vocabulary. The percentage of technical vocabulary words 

Ms. Wolfe uttered was 30%, with 65% sub-technical vocabulary and 5% symbolic vocabulary. 

92 



TEACHER AND STUDENT DISCOURSE 

General 
80% 

- Teacher 

- students 

Technical 

Figure 10. Radar Chart Showing Teacher and Student Vocabulary Use During Ms. Wolfe's First 
Observation 

During the first observation, students uttered 34 mathematical vocabulary words 

consisting of mostly technical vocabulary and sub-technical vocabulary. The percentage of 

technical vocabulary words and sub-technical vocabulary words students uttered were both 41 %, 

with 6% general vocabulary and 12% symbolic vocabulary. 

During the first observation, when Ms. Wolfe provided a review sheet, she purposefully 

addressed mathematical vocabulary by guiding students to use proper mathematical language to 

describe their process during one occasion. She also addressed mathematical vocabulary by 

directing students' attention to language within the text to ensure the students understood how to 

answer the question. There were no observations during this lesson of Ms. Wolfe ignoring or 

misusing mathematical vocabulary. 

The following verbal exchange between Ms. Wolfe and three students, Carlos, Jennifer 

and August, provides an example of how she encouraged precise mathematical vocabulary to 

describe a procedure. 

Carlos: I did five squared plus five squared. So I got twenty1zve plus twenty1zve 
which is fifty. 

Ms. Wolfe: What are you using to do this? Do you remember the name ofthis? 
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A few students audibly struggle to remember. 

Ms. Wolfe: It's a theorem. 

Jennifer: It has something to do with para . .. [pause] ... 

Ms. Wolfe: August, what is it? 

August: Pythagorean 

Ms. Wolfe: Pythagorean theorem. 

Jennifer: That's a hard word. 

Ms. Wolfe: Do you remember this? "A " squared plus "B" squared 
equals ... [pause] ... 

Carlos: "C" squared. 

Ms. Wolfe: There you go. 

During this interaction, Ms. Wolfe encouraged Carlos to attend to precision while 

communicating his ideas. When Ms. Wolfe provided feedback for Carlos to name the procedure 

he was using, he was unable to respond. Other students attempted to respond, but were unable to 

recall the technical vocabulary words "Pythagorean theorem" until Ms. Wolfe provided 

additional support. Although Ms. Wolfe was asking Carlos to use precise language, he did not 

provide the answer she had anticipated; however, he was able to use symbolic vocabulary to 

complete her prompt of reciting the Pythagorean theorem. 

Figure 11 displays the types of vocabulary used by both Ms. Wolfe and students during 

the second observation. During this lesson, Mrs. Wolfe uttered 231 mathematical vocabulary 

words consisting of mostly sub-technical vocabulary and symbolic vocabulary. The percentage 

of technical vocabulary words Ms. Wolfe uttered was 10%, with 62% sub-technical vocabulary, 

12% general vocabulary and 16% symbolic vocabulary. 
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Figure 11. Radar Chart Showing Teacher and Student Vocabulary Use During Ms. Wolfe's 
Second Observation 

During the second observation, students uttered 163 mathematical vocabulary words 

consisting of mostly sub-technical vocabulary and symbolic vocabulary. The percentage of 

technical vocabulary the students uttered was 14%, with 41 % sub-technical vocabulary, 13% 

general vocabulary, and 32% symbolic vocabulary. 

During the second lesson, when Ms. Wolfe taught students about using transformations to 

prove congruency, she addressed the mathematical vocabulary related to the tasks. During this 

observation, she expressed the importance of precision when communicating during three 

different occasions. The following verbal exchange between Ms. Wolfe and three students, 

Wyatt, Karen and Crystal, provides an example of how she encourage precision when 

communicating ideas. 

Wyatt: Then um ... [pause] .. .I rotated until it looks the same as WYX, the I 
um ... [pause] ... trans lated. 

Ms. Wolfe: Okay .. .[pause] .. . hey listen you guys. There are lots ofways to do this, 
right? What I want to make clear right now is when you rotate it has to be about, 
it can't just be about some random point on your, even though I get that's 
possible, this is not on a coordinate plane and we can 't identify that point of 
rotation so when it comes to rotating are we all clear on this? 

Karen: I think I know what he was saying. 
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Wyatt: Yeah. 

Ms. Wolfe: What was he saying? 

Karen: I think that when he was rotating, he was putting his pencil on point A and 
rotating so that it looked like that. 

Crystal: So it was straight up and down. 

Ms. Wolfe: Okay ... [pause] .. .so okay I like this, so you 're saying put my pen here. 

Karen: And then rotate. 

Ms. Wolfe: Rotate .. .[pause] .. .oh, okay. See, I just needed help. Okay, so Wyatt, 
you ended up like this? 

Wyatt: mmhmm [nods his head in agreement] 

Ms. Wolfe: I'm fine now that you said rotate around point A. And now what? 

Wyatt: Then I translated until they matched up. 

Ms. Wolfe: Then you translated until the triangles coincide? 

Wyatt: Yeah. 

Wyatt was describing the rigid-motion transformations he used to show two triangles are 

congruent. When he described the step during which he used rotation, he did not use symbolic 

vocabulary to describe the point of rotation. Ms. Wolfe directed attention to the need for precise 

mathematical language when communicating. After her statement, Karen was able to use the 

correct symbolic vocabulary to identify "point A" as the point of rotation. This conversation also 

provides an example of Wyatt using general vocabulary (e.g. "matched up") and Ms. Wolfe's 

passive correction of using technical vocabulary (e.g. "coincide") instead. 

Another interesting student comment was worth noting with respect to technical 

vocabulary and symbolic vocabulary. The following conversation between Ms. Wolfe and a 
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student, Jackie, provides an example of a student attempting to adopt technical vocabulary and 

symbolic vocabulary in order to communicate her thoughts and her apprehension of using written 

communication in a way that represents logical thinking. During this conversation, Jackie 

expresses her comfort with the technical vocabulary word "coincide," but voices concern about 

using symbolic vocabulary to communicate the relationship between the angles. 

Jackie: Ms. Wolfe, when we go over this can you go over the steps because !feel 
like I know what I'm talking about, but I just wrote it wrong. 

Ms. Wolfe: Yeah, so you know what you 're doing, but how do you write it down ? 

Jackie: Yeah. That's the part that confuses me, because like I used the word 
coincide correctly, but like ... [pause] .. just like, angles. 

Figure 12 displays the types of vocabulary used by both Ms. Wolfe and students during 

the last observation. During the third observation, Ms. Wolfe uttered 396 vocabulary words 

consisting of mostly technical vocabulary and sub-technical vocabulary. The percentage of 

technical vocabulary words Mrs. Wolfe used was 49%, with 42% sub-technical vocabulary, 7% 

general vocabulary and 1 % symbolic vocabulary. 

General 
80% 

- Teacher 

- students 

Technical 

Figure 12. Radar Chart Showing Teacher and Student Vocabulary Use During Ms. Wolfe's 
Third Observation 
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During the third observation, students uttered 71 vocabulary words consisting of mostly 

technical vocabulary and sub-technical vocabulary. The percentage of technical vocabulary the 

students used was 68%, with 21 % sub-technical vocabulary, 10% general vocabulary and 1 % 

symbolic vocabulary. 

During this observation, when Ms. Wolfe taught a lesson about finding the distance of 

line segments on the Cartesian plane, it was notable that she consistently addressed mathematical 

vocabulary. During this observation, there was one observation of Ms. Wolfe passively 

correcting a student's use of incorrect vocabulary. The following verbal exchange between Ms. 

Wolfe and a student, Lauren, provides an example of how she passively corrected a student's use 

of vocabulary. 

Ms. Wolfe: Okay, so which sides are "a ", "b " and "c "? ... [pause] .. .Do you 
remember? 

Lauren: So all we need to know is that the slope is "c " and then the other two are 
the sides. 

Ms. Wolfe: This is also what we call the hypotenuse ofa right triangle. Okay? 
And then you 're saying these two sides can be "a " and "b "? 

Lauren: Yep. 

When Lauren used the sub-technical vocabulary word "slope" to describe the different sides of 

the right triangle, Ms. Wolfe corrected her by using the technical vocabulary word "hypotenuse." 

Lauren also did not use precise language to describe the other sides of the right triangle; 

however, Ms. Wolfe used symbolic vocabulary to relate Lauren's idea to the Pythagorean 

theorem. 

There were six observations of Ms. Wolfe actively guiding students to use technical 

mathematical vocabulary during this lesson. The following excerpt between Ms. Wolfe and four 
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students, Sasha, Michael, Shane and Eowyn, provides an example of how she provided guidance 

for students to use precise language. 

Ms. Wolfe: We need to explain how wefound the lengths, so .. . [pause] ... how 
should we do this? 

Sasha: Use the Pythagorean theorem. 

Ms. Wolfe: Let's explain that ... [pause] ... okay ... [pause] ... Sashajust said 'use the 
Pythagorean theorem' and I'm going to put that there, "a " squaredplus "b " 
squared equals "c " squared tofind.. . [pause] .. .how should we say that Sasha? 

Sasha: To find the length ofthe ribbons. 

Ms. Wolfe: But did we use it to find the length ofall the ribbons? 

Sasha: No. 

Ms. Wolfe: Yeah, which ones did we use it on? 

Sasha: The slanted. 

Ms. Wolfe: The s !anted what? 

Shane: Perpendicular. 

Ms. Wolfe: Perpendicular would be a right angle like this. 

Michael: To find the slanty ... [pause]. .. 
Ms. Wolfe: Okay you guys, we 're just trying to answer this using words. Come 
back here, we used the Pythagorean theorem on four ofthese. How do we 
describe the four we had to use it on?... [pause]. .. What about those lines? They 
are ... [pause] ... 

Eowyn: "X" 

Shane: They're coming/ram G. 

Ms. Wolfe: They're slanted. That's getting there. They're at a diagonal, they are 
not what? ... [pause] . .. What are they not? 

Michael: They 're not vertical. 

Ms. Wolfe: Vertical or ... [pause] .. . ? 
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Michael: Horizontal. 

Ms. Wolfe: Bam, I like that. Thank you. Let's go back. I was huntingfor that, 
could you tell? Okay, use the Pythagorean theorem to find the length ofthe four, 
what are we going to say, non-vertical or horizontal lines? 

Michael: Yeah. 

Ms. Wolfe asked Sasha to use technical vocabulary to describe the method she used to find the 

length of line segments on the Cartesian plane. When Sasha used the technical vocabulary words 

"Pythagorean theorem", Ms. Wolfe provided feedback for Sasha to elaborate her thoughts. When 

Sasha responded, she used the general vocabulary word, "slanted." When Ms. Wolfe asked a 

clarifying question, Shane and Michael tried to answer using technical vocabulary and general 

vocabulary, respectively. Ms. Wolfe then provided more guidance until Michael used the 

technical vocabulary words "vertical" and "horizontal." 

When comparing the three lessons through the lens of teacher and student vocabulary, it 

was apparent that Ms. Wolfe mostly communicated using sub-technical vocabulary. The second 

most frequently spoken type of vocabulary by Ms. Wolfe was either technical vocabulary 

(during the first and third observations) or symbolic vocabulary (during the second observation). 

She used general vocabulary the least during the first observation and technical vocabulary the 

least during the second observation, but used symbolic vocabulary the least during the third 

observation. 

When comparing students' use of vocabulary during all three lessons, it was clear that 

their use of vocabulary was similar to Ms. Wolfe's use of vocabulary with few differences. The 

difference during the first observation was that students used the same amount of sub-technical 

vocabulary and technical vocabulary, although they were both the most utilized type of 

vocabulary during this observation, similar to Ms. Wolfe's use of vocabulary. The other 
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difference that was noted was that the students uttered general vocabulary the least during the 

second observation, whereas Ms. Wolfe uttered technical vocabulary the least during this 

observation. 

Overall findings for teacher and student vocabulary use during all three observations can 

be viewed in Figure 13. Overall, Ms. Wolfe uttered 687 vocabulary words throughout all three 

lessons. The percentage of technical vocabulary Ms. Wolfe used was 35%, with 51 % sub

technical vocabulary, 8% general vocabulary and 7% symbolic vocabulary. 
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Figure 13. Radar Chart Showing Teacher and Student Vocabulary Use During All of Ms. 
Wolfe's Observations 

The students used less than half the amount of vocabulary than the teacher with 251 

vocabulary words. The students used mostly sub-technical vocabulary and technical vocabulary. 

The percentage of technical vocabulary the students used was 31 %, with 35% sub-technical 

vocabulary, 12% general vocabulary and 22% symbolic vocabulary. 

Overall, approximately 81 % (755 out of 938) of all vocabulary words used in Ms. 

Wolfe's classroom were either sub-technical vocabulary ( 4 7%) or technical vocabulary (34 % ) . 

The two least frequently used types of vocabulary during all three observations was symbolic 

vocabulary (11 %) and general vocabulary (9%). 
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Mr. Hayford 

Types of lesson observed for Mr. Hayford. During the three observations with Mr. 

Hayford, he taught a review lesson, an introduction lesson, and a middle-of-the-unit lesson. 

Table 15 below provides an overview of each lesson. 

Table 15 
Overview ofLessons During Mr. Hayford 's Observations 

Observation Type of Lesson Unit Number of Tasks 
1st observation Review Geometric Figures 4 
2nd observation Introduction Similarity & Right Triangle Trigonometry 4 
3rd observation Middle-of-the-unit Similarity & Right Triangle Trigonometry 2 

During the first observation, Mr. Hayford' s students were working through a unit titled 

"Geometric Figures." Mr. Hayford taught a lesson to review angle relationships (i.e. angles 

created by parallel lines cut by a transversal, exterior angles of a triangle and vertical angles) and 

line segments within triangles (i.e. altitude, angle bisector, median and perpendicular bisector). 

He used the curriculum materials for the first part of the lesson, then provided a review sheet for 

students to prepare for a formative assessment that was administered the following day. The first 

part of this lesson was an extension of the fifth lesson of the unit, which Mr. Hayford taught the 

previous day. During the previous class, students were exposed to mathematical vocabulary 

related to angle pairs, then analyzed examples and made conjectures. The first 17 minutes of the 

lesson was comprised mostly of whole class discussions then students worked in small groups 

(groups of two, three or four students) for the remaining 23 minutes. In Mr. Hayford' s 

classroom, student desks are organized into pairs. 

Mr. Hayford started the lesson by checking students ' understanding of the homework 

assignment assigned during the previous lesson by leading a whole class discussion to go over 

each problem. The first task of the homework was to identify angle relationships within real-life 
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pictures. The second task of the homework required students to create equations to solve for 

missing values using the exterior angle theorem. The last task of the homework prompted 

students to determine if pairs of angles created by two parallel lines cut by a transversal were 

either supplementary or congruent. All three tasks were rated to be of low cognitive demand 

(procedures without connections) since they focused on producing correct answers and did not 

require explanations. Reviewing the homework assignment accounted for 41 % (approximately 

17 minutes) of the class time. 

After going over the homework, Mr. Hayford handed out a review sheet consisting of 14 

problems. The first set of problems required students to draw specific line segments within a 

triangle (i.e. altitude, angle bisector, median and perpendicular bisector). The next set of 

problems required students to identify angle pairs included within two non-parallel lines cut by a 

transversal and solve for unknowns. The third section prompted students to define mathematical 

vocabulary. The fourth section asked students to identify angle pairs within two parallel lines cut 

by a transversal then classify them as congruent or supplementary. The next section required 

students to apply the exterior angle theorem to write equations and solve for missing angle 

measures. Finally, the last section required students to analyze a problem situation, critique 

others ' thinking and respond; however, none of the students completed this question. Each 

problem, with the exception of the last question was a review of procedural knowledge; 

therefore, the cognitive demand of the second task was also determined to be oflow cognitive 

demand (procedures without connections) because the questions required students to perform 

procedures but they did not require students to make connections to the underlying mathematical 

concepts. During the second task, students worked in small groups while Mr. Hayford toured the 
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room to provide help for individual students. The second task accounted for 59% (approximately 

23 minutes) of the class time. 

During the second observation, Mr. Hayford 's students were working through a unit titled 

"Similarity & Right Triangle Trigonometry" that consisted of eleven lessons. Mr. Hayford taught 

a lesson to review scale factors , introduce dilations and explore proportionality relationships 

between sides of similar figures. This was the first lesson of the unit, and he faithfully 

implemented the curriculum as written. The lesson consisted of four tasks and mostly individual 

or partner work with three whole class discussions, one of which was interactive. 

To launch the lesson, Mr. Hayford provided students with a worksheet consisting of six 

similar problems. This first task required students to find the scale factor used to create each 

image, then use it to calculate any missing side lengths. Mr. Hayford did not provide any 

guidance before or while students worked independently to find solutions. This task was rated to 

be of low cognitive demand (procedures without connections) because of its focus on producing 

accurate answers with no required explanations. Once most students had completed the task, Mr. 

Hayford led a whole class discussion to check for students' understanding. The first task, 

including the whole class discussion accounted for 3 7% ( approximately 17 minutes) of the class 

time. 

After the whole class discussion, Mr. Hayford provided teacher-directed instruction to 

demonstrate how to dilate a triangle using a ruler and a center of dilation. After his presentation, 

he prompted students to dilate a triangle given a scale factor greater than one and a center of 

dilation. Once they were done, Mr. Hayford encouraged them to complete a second dilation with 

a scale factor less than one and a new center of dilation. During this time, students worked either 

independently or with a partner as Mr. Hayford toured the room to provide help for individual 
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students. These two tasks accounted for 54% (approximately 24 minutes) of the class time and 

were determined to be oflow cognitive demand (procedures without connections) because there 

was little ambiguity about how to complete the tasks. 

Once most students completed the second and third tasks, Mr. Hayford displayed a 

student's paper who had worked ahead to lead a whole class demonstration of how to label the 

images they had just created and write relevant proportional statements. The final task, 

accounting for 9% ( approximately 4 minutes) of the class time, prompted students to use their 

dilations from the second and third tasks to write proportionality statements comparing the side 

lengths. This task was deemed to be oflow cognitive demand (procedures without connections) 

since there was little ambiguity about how to complete the task. 

During the last observation, Mr. Hayford' s students were still working through the unit 

titled "Similarity & Right Triangle Trigonometry." Mr. Hayford taught a lesson that guided 

students to use trigonometric ratios to find missing side lengths of right triangles. This was the 

tenth lesson of the unit, and he faithfully implemented the curriculum as written. The lesson 

consisted of one complete task and the launch of a second task and mostly whole class 

discussions with three occurrences where students worked independently or with a partner. All of 

the whole class conversations were interactive. 

To launch the lesson, Mr. Hayford read a scenario to introduce students to a real-life 

problem, which was used as the context for the task. While introducing the task, Mr. Hayford 

provided a detailed demonstration on how to use the trigonometry buttons on a scientific 

calculator. He included some historical background using a dated book containing trigonometric 

tables . The first task of the lesson required students to find a missing length of a right triangle 

given the measurement of one angle and side. This task was rated to be of high cognitive demand 
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(procedures with connections) because the mathematical task was represented in a problem 

situation and because students were not prompted with an explicit procedure to solve the 

problem. Students worked either independently or in pairs while Mr. Hayford toured the room to 

provide individual help. After students had time to grapple with the problem, Mr. Hayford led a 

whole class discussion to identify known information and how to use it to determine which 

trigonometric function would be most appropriate to utilize. After students demonstrated their 

understanding, Mr. Hayford directed them to complete the task. 

Once students completed the first task, Mr. Hayford led another whole class discussion 

using a student's work to display using a document camera. He selected and sequenced the 

students' work, as the first student did not complete the task correctly and the second student's 

work demonstrated a guess-and-check method. He then led students to discuss a more efficient 

way to solve for the missing side length. The first task, including the whole class conversations 

accounted for 97% (approximately 45 minutes) of the class time. 

After the whole class conversation, Mr. Hayford posed the problem of finding the third 

side of the triangle. This task was rated to be oflow cognitive demand (procedures without 

connections) since there was little ambiguity of how to complete the problem after discussing the 

procedure during the last whole class conversation. Students worked independently or in small 

groups working on the task, which accounted for 3% (approximately 2 minutes) of the lesson. 

Each observed lesson occurred during different times of a unit. The first lesson was the 

last lesson before an assessment, the second lesson was an introduction lesson while the last 

lesson occurred during the middle of a unit. The first two lessons consisted of four tasks whereas 

the third lesson consisted of two tasks. Nine of the ten tasks were rated to be oflow cognitive 

demand. Low cognitive demand tasks accounted for 66% (approximately 88 minutes or 1 hour 
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and 28 minutes) of all three lessons. The third lesson included the high cognitive demand task 

which accounted for close to the entire observation (approximately 45 minutes) . Overall, Mr. 

Hayford encouraged students to work in small groups or independently during the vast majority 

of the first and second lessons whereas the third lesson consisted mostly of whole class 

discussions. 

Teacher discourse observed for Mr. Hayford. The data results with respect to the type 

of teacher discourse observed during all three of Mr. Hayford's observations can be viewed in 

Figure 14. Each type of teacher discourse is displayed as a percentage of all utterances per 

observation. The observations were approximately the same length (Observation 1 - 41 : 16; 

Observation 2 - 45:14; Observation 3 - 46:42). 

Observation 1 

■ Dialogic 

■ Emerging Dialogic 

Observation 2 

■ Partial Univocal 

■ Univocal 

Observation 3 

0% 100% 

Figure 14. Bar Graph Showing Mr. Hayford's Teacher Discourse for Each Observation 

Throughout the first observation, when Mr. Hayford provided a review sheet, his 

utterances were primarily univocal. Of his 104 teacher utterances during this lesson, 61 % were 

used to provide information as students reviewed previously learned content. This indicates that 

39% of Mr. Hayford's utterances were interactive. The rest of the teacher turns of talk were 

divided between partial univocal discourse and emerging dialogic discourse, measuring 3 7% and 
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2% of all utterances, respectively. There was no observation ofdialogic discourse during this 

observation. 

During the second observation, when Mr. Hayford taught students about scale factors , 

dilations and proportionality statements, his speech was either partial univocal or univocal, each 

measuring 50% of his utterances. This indicates that of his 58 utterances during this lesson, 50% 

were interactive. There was no observation of emerging dialogic discourse or dialogic discourse. 

During the final observation, when Mr. Hayford taught students how to use trigonometric 

ratios to find missing side lengths of right triangles, his utterances were primarilypartial 

univocal. Of his 67 utterances during this lesson, 43% of his utterances were used to assess 

students ' understanding as he guided them through the lesson. The second most common level of 

discourse used by Mr. Hayford was univocal (34% of his utterances), indicating that 66% of his 

utterances were interactive. The rest of the teacher turns of talk were emerging dialogic (19% of 

his utterances) and dialogic (4% of his utterances). 

When comparing the three lessons through the lens of levels of teacher discourse, the 

percentage of Mr. Hayford's utterances that were coded as univocal decreased from the first 

observation (61 %), to the second observation (50%) and continued to decrease during the third 

observation (34 % ) . During all three lessons, Mr. Hayford' s use ofpartial univocal discourse 

was between 37% and 50%. The first and third observations included observations of emerging 

dialogic discourse whereas the third observation was the only lesson in which dialogic discourse 

was observed. 

Overall findings for levels of teacher discourse during all three observations are displayed 

in Figure 15 below. For the three observations (with a total of 229 utterances), Mr. Hayford's 

discourse was most frequently univocal (46%) with 43% partial univocal, 9% emerging dialogic , 
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and 2% dialogic utterances. This indicates that of all 229 teacher utterances, 54% were 

interactive. 

Dialogic I 

Emerging Dialogic -

Partial Univocal 

Univocal 

0% 50% 100% 

Figure 15. Bar Graph Showing Overall Results for Mr. Hayford's Teacher Discourse 

Student discourse observations for Mr. Hayford. The data findings from Mr. 

Hayford's observations with respect to student discourse episodes are displayed in Table 16. 

Each column represents an observation with the respective frequencies for each type of student 

discourse. 

Table 16 
Frequency Table Showing Types ofStudent Discourse Observed During Mr. Hayford's Lessons 

Observation 1 Observation 2 Observation 3 Overall 
Type (n = 79) (n = 45) (n = 118) (n = 242) 
Answering 10 24 51 85 
Making a Statement or 
Sharing 

21 7 30 58 

Explaining 2 3 11 16 
Questioning 35 7 18 60 
Justifying 2 1 1 4 
Individual Reflecting 7 0 3 10 
Generalizing 0 0 0 0 
Relating 0 1 0 1 
Challenging 2 2 4 8 
Predicting or 
Conjecturing 

0 0 0 0 
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During the first observation, when Mr. Hayford provided a review sheet, there were 79 

student utterances. The most frequent type of discourse for students was questioning. Of the 35 

student-generated questions, 33 were basic information questions that students asked while 

seeking validation of their work or clarification about definitions. Only two student-generated 

questions were coded as wonderment questions. One question was asked while a student sought 

an explanation whereas the other was asked while a student expressed skepticism. Next, students 

used the two lowest types of discourse, making a statement or sharing (27%) and answering 

(13%), to communicate. 

The high cognitive demand levels of student discourse observed other than questioning 

were explaining, individual reflecting, challenging and justifying, although they only summed to 

18% of all utterances during this observation. The levels of student discourse that were absent 

during the first observation were generalizing, predicting or conjecturing and relating. 

During the second observation, when Mr. Hayford taught students about scale factors , 

dilations and proportionality statements, students most often used the lowest type of student 

discourse, answering, to communicate. Of the 45 student utterances, 53% were simple answers 

with no explanation or one-word answers. The next most frequently used types of student 

discourse used were making a statement or sharing (16%) and questioning (16%). Of these 

student-generated questions, four were basic information questions that students asked to seek 

facts or information about a procedure. The other three questions were coded as wonderment 

questions; one was a clarification question, another question was an anomaly detection question 

and the last of the wonderment questions was a planning or strategy question. 

The high cognitive demand levels of student discourse observed other than questioning 

were explaining,justifying, challenging and relating, although they only summed to 15% of all 
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utterances during this observation. The levels of student discourse that were absent during the 

second observation were generalizing, individual reflecting, and predicting or conjecturing. 

During the third observation, when Mr. Hayford taught students how to use trigonometric 

ratios to find missing side lengths of right triangles, there were 118 student utterances. Students 

used the two lowest types of student discourse, answering (43%) and making a statement or 

sharing (25% ), to communicate. The third most frequent type of discourse for students was 

questioning. Of the 18 student-generated questions, 13 were coded as basic information 

questions. Six of the basic information questions were factual questions; the other seven were 

procedural questions. Five of the questions were coded as wonderment questions. One of the 

wonderment questions was a comprehension question while the other four were prediction 

questions. 

During the third observation, the high cognitive demand levels of student discourse 

observed other than questioning was explaining, challenging, individual reflecting and justifying, 

although they only summed to 16% of all utterances during this observation. The levels of 

student discourse that were absent during the third observation were generalizing, predicting or 

conjecturing and relating. 

When comparing the three lessons through the lens of types of student discourse, all 

observations were similar. During all observations, the types of student discourse that were 

observed were answering, making a statement or sharing, explaining, questioning, justifying and 

challenging. The first observation differed because students communicated through questioning 

most frequently. The second observation differed from the other two because the type of student 

discourse that was absent was individual reflecting. When comparing the frequency of student 
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utterances, it is notable that students spoke the least during the second observation (n = 45) while 

they spoke considerably more during the third observation (n = 118). 

Throughout all three observations (with a total of 242 utterances), student discourse was 

most frequently answering (35%), with 24% making statements or sharing utterances. This 

indicates that 59% of student utterances were deemed low cognitive demand. The highest 

cognitive demand level of student discourse observed in all three observations was questioning 

(25%), explaining (7%), challenging (3%) and justifying (2%). The types of student discourse 

that were absent from all three observations were generalizing, and predicting or conjecturing, 

which are considered high cognitive demand. 

Teacher-student discourse volume and turns for Mr. Hayford. During the first observation, 

Mr. Hayford spoke 104 utterances that took approximately 8 minutes and 27 seconds of the 

lesson (21 % of the total class time). The frequency of student utterances was 79, which 

accounted for approximately 5 minutes and 37 seconds of the lesson (14% of the total class 

time) . During the remaining class time, students completed seatwork either quietly or in small 

groups. Although there were other discourse patterns (as mentioned within teacher-student 

discourse volume and turns for Mrs. Schultz) between Mr. Hayford and the students, there were 

two occurrences of IRE and three occurrences of IRF discourse patterns. 

During the second observation, Mr. Hayford spoke 58 utterances that took approximately 

19 minutes and 28 seconds of the lesson (43% of the total class time). The frequency of student 

utterances was 45 , which accounted for approximately 2 minutes and 2 seconds of the lesson 

( 4 % of the total class time). During the remaining class time, students completed seatwork either 

quietly or in small groups. There were five occurrences of IRE discourse patterns and six 

occurrences of IRF discourse patterns. 
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During the third observation, Mr. Hayford spoke 67 utterances that took approximately 

27 minutes and 39 seconds of the lesson (59% of the total class time). The frequency of student 

utterances was 118, which accounted for approximately 5 minutes and 21 seconds (11 % of total 

class time). During the remaining class time, students completed seatwork either quietly or in 

small groups. There were 18 occurrences IRE discourse patterns and seven occurrences of IRF 

discourse patterns. 

When comparing the three lessons through the lens of types of teacher-student discourse, 

the first two lessons were most similar. The number of student utterances were fewer than 

teacher utterances during the first two observations, but not by a substantial amount. It is also 

worth noting that during the first two observations, there were more IRF patterns than IRE 

patterns indicating that Mr. Hayford provided elaborative feedback more often than using 

evaluative utterances. 

The third observation differed because the number of student utterances was not only 

more than the number of student utterances observed during the first two observations, but it was 

the only observation during which the frequency of student utterances was greater than the 

frequency of teacher utterances. Further, during the third observation, there were more than 

double the occurrences of IRE discourse patterns than IRF discourse patterns. 

Overall, Mr. Hayford spoke for considerably more time (42% of total class time) than his 

students (10% of total class time) did during whole class discussions. The total amount of class 

time occupied with teacher utterances increased over time. Finally, Mr. Hayford used both 

evaluative and elaborative feedback utterances during all three observations. 

Teacher and student vocabulary observations for Mr. Hayford. Figure 16 displays 

the types of vocabulary used by both Mr. Hayford and students during the first observation. 
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During this lesson, Mr. Hayford uttered 123 mathematical vocabulary words consisting of mostly 

technical vocabulary and sub-technical vocabulary. The percentage of technical vocabulary 

words Mr. Hayford uttered was 57%, with 33% sub-technical vocabulary and 10% general 

vocabulary. 

General 
80% 

- Teacher 

- Students 

Technical 

Figure 16. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Hayford's 
First Observation 

During the first observation, students uttered 93 mathematical vocabulary words 

consisting of mostly technical vocabulary and sub-technical vocabulary. The percentage of 

technical vocabulary words the students uttered was 65%, with 25% sub-technical vocabulary 

and 10% general vocabulary. 

During the first observation, when Mr. Hayford provided a review sheet, he intentionally 

addressed mathematical vocabulary by redirecting students to either use their prior knowledge of 

what the vocabulary words mean outside of mathematics or dissect the words into parts during 

seven different occasions. The following verbal exchange between Mr. Hayford and two 

students, Braedyn and Tony, provides an example of how he guided students to make 

connections between sub-technical vocabulary use in mathematics versus its everyday use. 

Braedyn: Is the altitude the thing ... [pause] . . . he already answered this, but is the 
altitude the thing that goes from here to here? 
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Tony: Doesn't it go from the vertex to the other side? 

Mr. Hayford: It does do that, but it does it in a very specific type ofway. 

Tony: Is it parallel? 

Braedyn: Midpoint to midpoint? 

Tony: From the vertex to the midpoint ofthe opposite side? 

Mr. Hayford: That's median. What does altitude mean? ... [pause] . . .in real life, not 
in triangle life? 

Tony: Height. 

Mr. Hayford: How do we measure height with respect to the ground? 

Braedyn: Perpendicular. 

During this interaction, both students grapple with the meaning of the sub-technical vocabulary 

word, "altitude." Mr. Hayford first provides elaborative feedback by directing the students' 

attention to the intersection of the altitude with the opposite side of the vertex. After Tony 

correctly defines "median," Mr. Hayford provides additional feedback by encouraging them to 

consider the sub-technical vocabulary word "altitude" in everyday language. He then extends 

Tony's response "Height" by asking a follow-up question that guides them to recognize that the 

altitude is the line segment that passes through the vertex and intersects the opposite side 

creating right angles. 

During the first observation, there were seven occurrences when Mr. Hayford explicitly 

used general vocabulary while the students used technical vocabulary. The following excerpt 

provides an example between Mr. Hayford and a student, Liz. 

Liz: I remember what a perpendicular bisector is, and angle bisector is and I 
remember what the altitude is, but I don't remember the median? 

Mr. Hayford: So the prefix M-E-D ... [pause] . . . 
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Liz: Is in median ... [pause] . . . it means middle. 

Mr. Hayford: Right. So you 're going to go from a corner to a midpoint. 

During the lesson, Liz uttered the technical vocabulary words, "perpendicular bisector" 

and "angle bisector," and the sub-technical vocabulary words, "altitude" and "median," when 

she was reflecting on her own understanding of the terms with respect to line segments within 

triangles. Mr. Hayford encouraged her to dissect the word "median" by analyzing the meaning of 

the prefix. After Liz correctly identified its meaning, Mr. Hayford used the general vocabulary 

word "comer" when speaking about the vertex of the triangle. Throughout the lesson, Mr. 

Hayford continued to use the general vocabulary word, "comer," but never used the technical 

vocabulary word "vertex." Whereas the students uttered the word "vertex" during five separate 

occasions. 

Figure 17 displays the types of vocabulary used by both Mr. Hayford and students during 

the second observation. During this lesson, Mr. Hayford uttered 148 mathematical vocabulary 

words consisting of mostly sub-technical vocabulary and technical vocabulary. The percentage 

of technical vocabulary words Mr. Hayford uttered was 34%, with 51 % sub-technical 

vocabulary, 7% general vocabulary and 8% symbolic vocabulary. 

General 
80% 

- Teacher 

- Students 

Technical 

Figure 17. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Hayford's 
Second Observation 
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During the second observation, students uttered 15 mathematical vocabulary words 

consisting of mostly sub-technical vocabulary and technical vocabulary. The percentage of 

technical vocabulary the students uttered was 20%, with 73% sub-technical vocabulary and 7% 

symbolic vocabulary. 

During the second lesson, when Mr. Hayford taught students about scale factors , dilations 

and proportionality statements, he mostly addressed student vocabulary use. There was one 

instance when Mr. Hayford brought attention to new vocabulary. The following excerpt 

illustrates when Mr. Hayford explained the technical language used by the curriculum. 

Mr. Hayford: For those ofyou moving onto number three, there's a little bit of 
language in there that's important to understand. We haven't talked about 
proportional relationships yet this year ... [pause] ... so what I've done is first ofall, 
defined proportion. Again, this is for problem three which they 're asking you to 
do ten proportional statements. A proportion are two fractions that are 
equivalent, so here's an example, it might be related it might not ... [pause] ...so A 
prime, Cprime over AC would equal three over one, that's a proportional 
statement. 

The curriculum materials prompted students to write ten proportionality statements. Because the 

class has not used the technical vocabulary, Mr. Hayford defined a family word, "proportion," 

and provided an example on the whiteboard for students to model. 

During this observation, there was one observation of Mr. Hayford incorrectly using 

vocabulary in a way that was misleading to the actual mathematics. The following verbal 

exchange between Mr. Hayford and two students, McKenna and Josh, provides an example of 

how there was disagreement between the use of technical vocabulary and its mathematical 

meanmg. 

Mr. Hayford: So we want to make sure we understand that the scale factor does 
not have to be a whole number or a number bigger than one . . . [pause] .. .It can be 
a number less than one. You can be making it smaller. Yes ? 
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McKenna: Ifyou did that, can 't you just reciprocate your scale? 

Mr. Hayford: Reciprocate .. .[pause] ... what do you mean by that? Flip it upside 
down? Uh ... [pause] .. .possibly. 

Josh: Or do division instead ofmultiplication. 

Mr. Hayford: Do division instead ofmultiplication ... [pause] ...Does division flip a 
fraction? I think it does, so yeah, that would work. 

During this conversation, Mr. Hayford was trying to highlight the fact that a scale factor can 

make the image smaller or larger. McKenna responded using the word "reciprocate" which is not 

a mathematical vocabulary word, but is close to the word "reciprocal." When Mr. Hayford 

questions her intent, he assumes she means "reciprocal" and incorrectly classifies it as "flip it 

upside down." This is an incorrect characterization of the underlying mathematics behind the 

word "reciprocal." Further, Josh suggests using division rather than multiplication while Mr. 

Hayford uses Josh's statement to confirm McKenna's thoughts and the incorrect meaning of 

"reciprocal." However, a scale factor is used with multiplication, not division. 

Figure 18 displays the types of vocabulary used by both Mr. Hayford and students during 

the last observation. During the third observation, Mr. Hayford uttered 263 vocabulary words 

consisting of mostly technical vocabulary and sub-technical vocabulary. The percentage of 

technical vocabulary words Mr. Hayford used was 53%, with 42% sub-technical vocabulary, 4% 

general vocabulary and 1 % symbolic vocabulary. 
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General 
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Figure 18. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Hayford's 
Third Observation 

During the third observation, students uttered 93 vocabulary words consisting of mostly 

sub-technical vocabulary and technical vocabulary. The percentage of both technical vocabulary 

the students uttered was 43%, with 52% sub-technical vocabulary and 5% general vocabulary. 

During this observation, when Mr. Hayford taught students how to use trigonometric 

ratios to find missing side lengths of right triangles, both Mr. Hayford and students used 

mathematical vocabulary appropriately. There was no observation of ignoring or incorrectly 

using vocabulary. 

When comparing the three lessons through the lens of teacher and student vocabulary, it 

was apparent that Mr. Hayford mostly communicated using either technical vocabulary ( during 

the first and third observation) or sub-technical vocabulary (during the second observation). 

Likewise, the students mostly communicated using either technical vocabulary ( during the first 

observation) or sub-technical vocabulary (during the second and third observation). The third 

most frequently spoken type of vocabulary by Mr. Hayford and his students was general 

vocabulary ( during the first and third observations). They both used symbolic vocabulary the 

least during the first and third lessons. The major difference between Mr. Hayford's and 
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students' use of mathematical vocabulary was that students used sub-technical vocabulary more 

than technical vocabulary during the third lesson. It is also worth noting that the students only 

uttered 15 vocabulary words during the second lesson whereas Mr. Hayford uttered 148 

vocabulary words. 

Overall findings for teacher and student vocabulary use during all three observations can 

be viewed in Figure 19. Overall, Mr. Hayford uttered 538 vocabulary words throughout all three 

lessons. The percentage of technical vocabulary Mr. Hayford used was 49%, with 42% sub

technical vocabulary, 6% general vocabulary and 3% symbolic vocabulary. 

- Teacher 

Symbolic Sub-technical 
- students 

Technical 

Figure 19. Radar Chart Showing Teacher and Student Vocabulary Use During All of Mr. 
Hayford's Observations 

The students used less than half the amount of vocabulary than the teacher with 201 

vocabulary words. The students used mostly technical vocabulary and sub-technical vocabulary. 

The percentage of technical vocabulary the students used was 52%, with 41 % sub-technical 

vocabulary, and 7% general vocabulary. 

Overall, approximately 92% (676 out of 739) of all vocabulary words used in Mr. 

Hayford's classroom were either technical vocabulary or sub-technical vocabulary. Both Mr. 

Hayford and his students' use of types of vocabulary mirrored each other throughout all three 
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observations. Overall, both Mr. Hayford and the students used technical vocabulary (50%) and 

sub-technical vocabulary ( 42%) the most throughout all three observations with general 

vocabulary (6%) and symbolic vocabulary (2%) used least. 

Mr. Brugnoli 

Type of lessons observed for Mr. Brugnoli. During the three observations with Mr. 

Brugnoli, he taught an introduction lesson, and two middle-of-the-unit lessons. Table 17 below 

provides an overview of each lesson. 

Table 17 
Overview ofLessons During Mr. Brugnoli 's Observations 

Observation Type of Lesson Unit Number of Tasks 
1st observation Introduction Similarity & Right Triangle Trigonometry 3 
2nd observation Middle-of-the-unit Similarity & Right Triangle Trigonometry 2 
3rd observation Middle-of-the-unit Similarity & Right Triangle Trigonometry 4 

During the first observation, Mr. Brugnoli' s students were completing an assessment 

from the previous day then started a new unit titled "Similarity & Right Triangle Trigonometry." 

Because students were completing an assessment, this observation was considerably less time 

than any other observation included in this study. This was the first lesson of the unit, and Mr. 

Brugnoli supplemented the curriculum by implementing a self-created warm-up then faithfully 

implemented the curriculum as written. The lesson was comprised mostly of whole class 

discussions with three distinct occurrences where students worked individually or in small 

groups (groups of two, three or four students). In Mr. Brugnoli's classroom, student desks were 

organized into groups of four. 

The lesson during the first observation consisted of three tasks. To launch the first task, 

Mr. Brugnoli wrote the vocabulary words "similarity" and "congruence" on a piece of paper that 

was projected from a document camera. He prompted students to work individually to describe 
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the difference between the two words. After approximately one minute, Mr. Brugnoli 

encouraged students to share their thoughts with their partners before sharing during a whole 

class discussion. This task was rated to be oflow cognitive demand (memorization) since it 

required students to recall facts they had previously learned. The first task including the whole 

class discussion accounted for 26% ( approximately 4 minutes) of the class time. 

After the whole class discussion, Mr. Brugnoli directed students to complete a worksheet 

consisting of six problems. This second task required students to find the scale factor used to 

create each image. Mr. Brugnoli did not provide any guidance before or while students worked 

independently to find solutions. After most students completed the task, he once again 

encouraged them to share their thoughts with one another by stating, "When you talk to your 

partner, don't just say the answer. I want you to add evidence. 'I know this is multiplied by two 

because . . . " ' Once most students had completed the task, Mr. Brugnoli led a whole class 

discussion by asking students to share their answers. Without Mr. Brugnoli 's prompt that 

required students to justify their responses, the task embedded within the intended curriculum 

would have been rated to be oflow cognitive demand (procedures without connections) because 

students were using procedures not making connections to the underlying mathematical 

concepts. However, Mr. Brugnoli increased the cognitive demand (procedures with connections) 

by requiring students to provide evidence for their claims. The second task, including the whole 

class discussion accounted for 42% (approximately 7 minutes) of the class time. 

Following the whole class discussion, during the third task, students were directed to use 

the scale factors to calculate any missing lengths within the previous six problems. Students 

worked independently on this task until the bell rang. This task was deemed to be of low 

cognitive demand (procedures without connections) because of its focus on producing accurate 
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answers with no required explanations and accounted for 32% (approximately 5 minutes) of the 

class time. 

During the second observation, Mr. Brugnoli 's students were working through the same 

unit titled "Similarity & Right Triangle Trigonometry." Mr. Brugnoli taught a lesson to develop 

students ' geometric reasoning skills using parallel lines cut by a transversal as a backdrop. This 

was an extension of the fifth lesson of the unit, and he used a combination of self-created 

resources and the curriculum. During the previous class, students found the measures of all 

missing sides and angles within a diagram consisting of four parallel lines cut by four 

transversals. The lesson consisted of two tasks and mostly whole class discussions with students 

working independently during four separate occasions. 

To launch the lesson, Mr. Brugnoli provided students with an entry slip consisting of one 

problem. The task required students to use proportionality statements to find the missing side 

length of a triangle, given two sides of the triangle were crossed by a line that was parallel to the 

third side. Students worked independently to find a solution. Once most students had solved the 

problem, Mr. Brugnoli led a whole class discussion to expose students to different solution 

methods by asking students to share their thinking with the class. This task was rated to be of 

low cognitive demand (procedures without connections) because it required students to perform 

algorithmic procedures for finding an accurate solution. The first task, including the whole class 

discussion accounted for 24% (approximately 10 minutes) of the class time. 

After the whole class discussion, Mr. Brugnoli handed back student work from the 

previous day along with the answer key. He prompted students to check their work and then 

provide a written description of how they found a specific angle measure and length of one of the 

line segments, including justifications. He provided students with independent thinking time then 
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encouraged them to share their thinking with a partner before calling on a student to share with 

the class. After leading a whole class discussion on how to find the missing angle measurement, 

Mr. Brugnoli encouraged students to go back and revise their thinking with respect to finding the 

missing side length. Once students completed their revisions, Mr. Brugnoli led another whole 

class discussion. This task was determined to be of high cognitive demand (doing mathematics) 

because it required complex and non-algorithmic thinking and accounted for 76% 

(approximately 33 minutes) of the class time. 

During the last observation, Mr. Brugnoli's students were still working through the unit 

titled "Similarity & Right Triangle Trigonometry." Mr. Brugnoli taught a lesson that guided 

students to explore patterns within trigonometric ratios and analyze trigonometric identities. Mr. 

Brugnoli used a self-created entry slip, but then faithfully implemented the curriculum as written. 

The lesson consisted of four tasks and mostly small group work with two occurrences of whole 

class discussions, which were interactive. 

Mr. Brugnoli had begun the lesson with an entry slip consisting of four problems that 

required students to find the missing side lengths and angles of right triangles given one angle 

measurement and one side length. After students worked independently, Mr. Brugnoli regrouped 

the students into new groups within different areas of the room where he displayed enlarged 

images of the entry slip. Each group member was instructed to discuss his or her solution method 

with his or her new groupmates. During this time, Mr. Brugnoli visited with two groups to 

question their justifications for their processes. After most students discussed their ideas, Mr. 

Brugnoli asked students to return to their desk and revise their original thinking, if necessary. 

This task was considered to be of high cognitive demand (procedures with connections) since it 
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required students to explain their thoughts with each other and accounted for 24% 

( approximately 10 minutes) of the class time. 

After students had time to adjust their work, Mr. Brugnoli directed students ' attention to 

the curriculum to start the next task. The second task consisted of two problems that each 

required students to write six trigonometric ratios. Students worked independently until Mr. 

Brugnoli called on a student to provide the correct answers. This task was rated to be of low 

cognitive demand (memorization) because there was little ambiguity on how to complete the task 

and accounted for 12% (approximately 5 minutes) of the class time. 

After the second task, Mr. Brugnoli prompted students to look for and recognize 

relationships amongst the trigonometric ratios. After students identified patterns, they were 

required to consider if they would always hold true and explain why or why not. Students 

worked in small groups during this task. Once a few students voiced a few relationships, Mr. 

Brugnoli led a whole class discussion. The third task was determined to be of high cognitive 

demand (procedures with connections) since its purpose was to develop deeper levels of 

understanding of mathematical concepts and accounted for 14% (approximately 6 minutes) of 

the class time. 

Once students demonstrated their understanding, Mr. Brugnoli provided them with four 

trigonometric identities and prompted students to state whether the statements were true or false 

and justify their answer. Students worked in small groups to answer the questions. Once students 

made some headway, Mr. Brugnoli led a whole class discussion. This task was deemed to be of 

high cognitive demand (procedures with connections) since it required students to justify their 

answers using mathematical reasoning. The final task, including the whole class discussion, 

accounted for 50% ( approximately 21 minutes) of the class time. 
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The second and third observed lessons occurred during the middle of a unit whereas the 

first observed lesson was an introduction lesson. The first lesson consisted of three tasks, the 

second lesson consisted of two tasks and the third lesson consisted of four tasks. Four of the nine 

tasks were rated to be oflow cognitive demand. High cognitive demand tasks accounted for 75% 

( approximately 7 6 minutes or 1 hour and 16 minutes) of all three lessons. The second lesson 

included one high cognitive task whereas the third lesson included three high cognitive demand 

tasks. Overall, Mr. Brugnoli used whole class discussions during the vast majority of the first and 

second lessons. The third lesson consisted of mostly small group work with few whole class 

discussions. 

Teacher discourse observations for Mr. Brugnoli. The data results with respect to the 

type of teacher discourse observed during all three of Mr. Brugnoli ' s observations can be viewed 

in Figure 20. Each type of teacher discourse is displayed as a percentage of all utterances per 

observation. The first observation was much shorter than the second and third observations, 

which were approximately the same length (Observation 1 - 15 :33; Observation 2 - 43 :19; 

Observation 3 - 41:54). 

Observation 1 

■ Dialogic 

Observation 2 ■ Emerging Dialogic 

■ Partial Univocal 

■ Univocal 

Observation 3 

0% 100% 

Figure 20. Bar Graph Showing Mr. Brugnoli ' s Teacher Discourse for Each Observation 
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Throughout the first observation, when Mr. Brugnoli taught students about similarity and 

scale factors , his utterances were primarily emerging dialogic. Of his 36 teacher utterances 

during this lesson, 50% of his utterances were used to encourage students to share their thoughts 

with one another. The next two most frequently used levels of discourse were partial univocal 

(38% of his utterances) and dialogic (6% of his utterances), indicating that 94% of Mr. 

Brugnoli ' s utterances were interactive. The least utilized level of discourse was univocal with 

6% of his utterances being rated at the lowest level. 

During the second observation, when Mr. Brugnoli taught students how to use geometric 

reasoning to justify their work, his speech was primarily emerging dialogic. Of his 81 utterances 

during this lesson, 68% of his utterances were used to encourage students to explore multiple 

ways of thinking about mathematics. The next two most frequently used levels of discourse were 

dialogic (18% of his utterances) and partial univocal (11 % of his utterances), indicating that 

97% of his utterances were interactive. Similar to the first observation, the least utilized level of 

discourse was univocal with 3% of his utterances being rated at the lowest level. 

During the final observation, when Mr. Brugnoli taught students about trigonometric 

identities, his utterances were primarily emerging dialogic. Similar to the second observation, 

58% of his 31 utterances were rated to be emerging dialogic. Mr. Brugnoli ' s discourse was rated 

to be dialogic during 23% of his utterances whereas his discourse was rated to be partial 

univocal during 19% of his utterances. This indicates that all of Mr. Brugnoli's utterances were 

interactive since there was no observation of univocal utterances during this lesson. 

When comparing the three lessons through the lens of levels of teacher discourse, the last 

two lessons were most similar. During both observations, Mr. Brugnoli used emerging dialogic 

discourse for more than 58% of his utterances with dialogic discourse as the second most 

127 



- -- - ----- -

TEACHER AND STUDENT DISCOURSE 

frequently used level of discourse. The difference between the last two observations was that the 

third observation was the only lesson in which univocal discourse was not observed. The third 

observation differed from the first two since partial univocal discourse was the second most 

frequently used level of discourse while emerging dialogic discourse was the third most frequent. 

Mr. Brugnoli ' s use of univocal discourse was continuously the least frequent level of discourse 

throughout all three observations. 

Overall findings for levels of teacher discourse during all three observations are displayed 

in Figure 21 below. For the three observations (with a total of 148 utterances), Mr. Brugnoli's 

discourse was most frequently emerging dialogic (62%) with 19% partial univocal, 16% 

dialogic , and 3% univocal utterances. This indicates that of all 148 teacher utterances, 97% were 

interactive. 

Dialogic 

Emerging Dialogic 

Partial Univocal 

Univocal 

0% 50% 100% 

r. rugno 1 s 

Student discourse observations for Mr. Brugnoli. The data findings from Mr. 

Brugnoli 's observations with respect to student discourse episodes are displayed in Table 18. 

Each column represents an observation with the respective frequencies for each type of student 

discourse. 
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Table 18 
Frequency Table Showing Types ofStudent Discourse Observed During Mr. Brugnoli 's Lessons 

Observation 1 Observation 2 Observation 3 Overall 
Type (n = 29) (n = 96) (n = 40) (n = 165) 
Answering 6 23 12 41 
Making a Statement or 
Sharing 

7 17 9 33 

Explaining 12 25 9 46 
Questioning 4 12 6 22 
Justifying 0 13 3 16 
Individual Reflecting 0 3 0 3 
Generalizing 0 0 1 1 
Relating 0 2 0 2 
Challenging 0 1 0 1 
Predicting or 
Conjecturing 

0 0 0 0 

During the first observation, when Mr. Brugnoli taught students about similarity and 

scale factors , with 29 student utterances, students used the third type of discourse, explaining 

(41 % ) most frequently to communicate. The next two most frequent types of student discourse 

were making a statement or sharing (24%) and answering (21 %). 

The highest cognitive demand level of student discourse observed was questioning. Of 

the four student-generated questions, three were basic information questions that students asked 

while seeking validation of their work or clarification about procedures. One student-generated 

question was coded as a wonderment question that was asked while a student sought an 

explanation during the task. The levels of student discourse that were absent during the first 

observation were challenging, generalizing, individual reflecting, justifying, predicting or 

conjecturing and relating. 

During the second observation, when Mr. Brugnoli taught students how to use geometric 

reasoning to justify their work, students most often used the third type of student discourse, 

explaining, to communicate. Of the 96 student utterances, 26% were explaining procedures or 
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descriptions of how to find an accurate answer to a problem. The next most frequently used types 

of student discourse were the low cognitive demand levels, answering (24%) and making a 

statement or sharing (18%). 

The higher cognitive demand levels of student discourse observed in addition to 

explaining were questioning,justifying, individual reflecting, relating and challenging. Of the 12 

student-generated questions, nine were basic information questions that students asked to seek 

facts or information about a procedure. Three of the questions were coded as wonderment 

questions; two were clarification questions and the other was an anomaly detection question. 

Students used mathematical reasoning to justify their processes and thoughts during 14% of their 

utterances. The other types of student discourse only summed to 6% of all utterances in this 

observation. The levels of student discourse that were absent during the second observation were 

generalizing and predicting or conjecturing. 

During the third observation, when Mr. Brugnoli taught students about trigonometric 

identities, there were 40 student utterances. Students used the lowest type of student discourse, 

answering (30%), to communicate. The next most frequently used types of discourse explaining 

(23%) and making a statement or sharing (23%) were used an equivalent amount. 

During the third observation, the high cognitive demand levels of student discourse other 

than explaining were questioning (15%) ,justifying (8%) and generalizing (3%). Of the six 

student-generated questions, two were coded as basic information questions. The other four 

questions were coded as wonderment questions. One of the questions was a comprehension 

question; the other three were anomaly detection questions. The levels of student discourse that 

were absent during the third observation were challenging, individual reflecting, predicting or 

conjecturing and relating. 
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When comparing the three lessons through the lens of types of student discourse, all of 

lessons were similar. During all three observations, the types of student discourse that were 

observed were answering, making a statement, explaining and questioning. The difference 

between the first observation and the last two observations was that there was no observation of 

high cognitive demand level questions during the first observation. Further, the first and third 

observations had a similar frequency of student utterances (n = 29 and n = 40 for observations 1 

and 3, respectively) . The second observation had considerably more student talk with 96 student 

utterances. 

Throughout all three observations (with a total of 165 utterances), student discourse most 

frequently involved explaining (28%), with 24% answering, and 20% making statements or 

sharing utterances. This indicates that 44% of student utterances were deemed low cognitive 

demand. The highest cognitive demand levels other than explaining, though not the most 

frequently used, of student discourse observed in all three observations were questioning (13%) 

and justifying (10%). The type of student discourse that was absent from all three observations 

was predicting or conjecturing, which is considered high cognitive demand. 

Teacher-student discourse volume and turns for Mr. Brugnoli. During the first observation, 

Mr. Brugnoli spoke 36 utterances that took approximately 5 minutes and 45 seconds of the 

lesson (3 7% of the total class time). The frequency of student utterances was 29, which 

accounted for approximately 3 minutes and 57 seconds of the lesson (25% of the total class 

time) . During the remaining class time, students completed seatwork either quietly or in small 

groups. Although there were other discourse patterns (as mentioned within teacher-student 

discourse volume and turns for Mrs. Schultz) between Mr. Brugnoli and the students, there were 

three occurrences of IRE discourse patterns and six occurrences of IRF discourse patterns. 
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During the second observation, Mr. Brugnoli spoke 81 utterances that took approximately 

9 minutes and 36 seconds of the lesson (22% of the total class time). The frequency of student 

utterances was 96, which accounted for approximately 8 minutes and 11 seconds of the lesson 

(19% of the total class time). During the remaining class time, students completed seatwork 

either quietly or in small groups. There were three occurrences of IRE discourse patterns and ten 

occurrences of IRF discourse patterns. 

During the third observation, Mr. Brugnoli spoke 31 utterances that took approximately 7 

minutes and 30 seconds of the lesson (18% of the total class time). The frequency of student 

utterances was 39, which accounted for approximately 5 minutes and 33 seconds (13% of total 

class time). During the remaining class time, students completed seatwork either quietly or in 

small groups. There were two occurrences of IRE discourse patterns and three occurrences of 

IRF discourse patterns. 

When comparing the three lessons through the lens of types of teacher-student discourse, 

Mr. Brugnoli and students spoke approximately the same amount of utterances. However, during 

the second and third observations, students spoke more utterances than Mr. Brugnoli did. 

Throughout each observation, Mr. Brugnoli' s duration of all utterances was greater than the 

duration of students ' utterances, but there was always less than a two-minute difference. Further, 

there was approximately the same amount of IRE discourse patterns during all three lessons, 

whereas the amount of IRF discourse patterns varied. 

Overall, Mr. Brugnoli spoke for more time (23% of total class time) than his students 

(18% of total class time) did during whole class discussions. It is also worth noting that during 

all three observations, there were more IRF discourse patterns than IRE discourse patterns 
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indicating that Mr. Brugnoli provided elaborative feedback more often than evaluating students ' 

utterances. 

Teacher and student vocabulary observations for Mr. Brugnoli. Figure 22 displays 

the types of vocabulary used by both Mr. Brugnoli and students during the first observation. 

During this lesson, Mr. Brugnoli uttered 32 mathematical vocabulary words consisting of mostly 

sub-technical vocabulary and technical vocabulary. The percentage of technical vocabulary 

words Mr. Brugnoli uttered was 22%, with 66% sub-technical vocabulary and 12% general 

vocabulary. 

General 
80% 

- Teacher 
Sub-technical 

- Students 

Technical 

Figure 22. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Brugnoli's 
First Observation 

During the first observation, students uttered 27 mathematical vocabulary words 

consisting of mostly sub-technical vocabulary and general vocabulary. The percentage of 

technical vocabulary words the students uttered was 4%, with 78% sub-technical vocabulary and 

19% general vocabulary. 

During the first observation, when Mr. Brugnoli taught students about similarity and 

scale factors , he purposefully addressed mathematical vocabulary while launching the lesson by 

requiring students to differentiate between the technical vocabulary words "similarity" and 
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"congruence." This prompt demonstrated how Mr. Brugnoli used mathematical vocabulary to 

activate students' prior knowledge. The following verbal exchange between Mr. Brugnoli and 

two students, Kathy and Riley, provides another observation of Mr. Brugnoli addressing the 

mathematical vocabulary embedded in the task. The directions of the task read, "Give the factor 

by which each pre-image was multiplied to create the image. Use the scale factor to fill in any 

missing side lengths." 

Kathy: In number 3 I got eight divided by four because eight divided by four 
equals two. 

Mr. Brugnoli: Okay, so let me chase this down real quick. So you 're saying to get 
from an eight to a two, you divide by four ... [pause] .. .Um, does anyone have any 
other thinking there? Add or connect to that.. .[pause] .. . I saw a one:fourth there. 
Who 's got a one:fourth? Go ahead and talk to me about that. 

Riley: Well you 're multiplying by one:fourth to get to two. So that's how you 
divide by the four. It's the same as dividing by 4. 

Mr. Brugnoli: What's your understanding about that, Kathy? 

Kathy: He said the same thing, but multiplied instead ofdivide. 

During this interaction, Kathy was explaining how she thought of the scale factor to create the 

image from the pre-image by using division. When Mr. Brugnoli revoiced her idea, he redirect 

the class by asking for another way to think of the problem, specifically how to use 

multiplication. Another student, Riley, explained how multiplication by one-fourth is "the same 

as dividing by 4." Mr. Brugnoli continued to provide guidance until Kathy shared her 

understanding of using multiplication rather than division to solve the problem, which was the 

language used within the task. 

Although Mr. Brugnoli addressed the vocabulary embedded within the task by bringing 

attention to multiplication, it was notable that he passively ignored the technical vocabulary 

words "scale factor" for the vast majority of the lesson. Although students reported the 
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calculated scale factors during the whole class discussion, Mr. Brugnoli only used the words 

"scale factor" once, five minutes before the end of the period. 

Figure 23 displays the types of vocabulary used by both Mr. Brugnoli and students during 

the second observation. During this lesson, Mr. Brugnoli uttered 58 mathematical vocabulary 

words consisting of mostly sub-technical vocabulary and technical vocabulary. The percentage 

of technical vocabulary words Mr. Brugnoli uttered was 36%, with 40% sub-technical 

vocabulary, 5% general vocabulary and 19% symbolic vocabulary. 

General 
80% 

- Teacher 

- students 

Technical 

Figure 23. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Brugnoli's 
Second Observation 

During the second observation, students uttered 73 mathematical vocabulary words 

consisting of mostly sub-technical vocabulary and symbolic vocabulary. The percentage of 

technical vocabulary the students uttered was 12%, with 60% sub-technical vocabulary, 8% 

general vocabulary and 23% symbolic vocabulary. 

During the second lesson, when Mr. Brugnoli taught students how to use geometric 

reasoning to justify their work, he addressed student vocabulary use. Additionally, he 

specifically redirected students' language by being transparent about the need for precision in 
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language. The following verbal exchange between Mr. Brugnoli and three students, James, 

Karen and Sasha, provides an example of how he encouraged precise symbolic vocabulary. 

James: The angle by G is 53. 

Mr. Brugnoli: Where by G? 

Karen: 1-G-R. 

James: To the right. 

Mr. Brugnoli: Give me the three letter angle that you 're mapping out. 

James: 1-G-H Like both ofthem. 

Mr. Brugnoli: Those total? 

James: Oh, no. 

Sasha: He's saying the triangle. 

Karen: 1-G-R. 

Sasha: He's saying G-E-H, the triangle .. .[pause] .. .the angle there. 

Mr. Brugnoli: Hold on, hold on, so now listen, listen to what happening. Ifwe're 
going to attend to precision in our language you got to be clear with me. 

Karen: It's angle 1-G-R. 

During the lesson, James was claiming that measure of angle IGR was 53 degrees. When Mr. 

Brugnoli questioned which angle James was describing, Karen and Sasha answered with varying 

responses. This indicates that James's utterances were not clear. Mr. Brugnoli encouraged 

students to use precise language by bringing attention to the confusion that the lack of symbolic 

vocabulary was creating. Karen then responded with the symbolic vocabulary, "It's angle 1-G-

R." 
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Figure 24 displays the types of vocabulary used by both Mr. Brugnoli and students during 

the last observation. During the third observation, Mr. Brugnoli uttered 32 vocabulary words 

consisting of mostly technical vocabulary and symbolic vocabulary. The percentage of technical 

vocabulary words Mr. Brugnoli used was 63%, with 13% sub-technical vocabulary and 25% 

symbolic vocabulary. 

General 
80% 

- Teacher 

- Students 

Technical 

Figure 24. Radar Chart Showing Teacher and Student Vocabulary Use During Mr. Brugnoli's 
Third Observation 

During the third observation, students uttered 71 vocabulary words consisting of mostly 

technical vocabulary and symbolic vocabulary. The percentage of technical vocabulary the 

students uttered was 42%, with 17% sub-technical vocabulary, 6% general vocabulary and 35% 

symbolic vocabulary. 

During this observation, when Mr. Brugnoli taught students about trigonometric 

identities, he mostly addressed the vocabulary embedded within the task and related to 

trigonometric ratios. However, it was notable that the students were able to translate their 

thoughts using general vocabulary and technical vocabulary. The following verbal exchange 

between Mr. Brugnoli and three students, Margaret, Aria and Thomas, provides an example of 
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students using different types of vocabulary to express the same idea when describing the 

relationship between trigonometric ratios of the complementary angles of a right triangle. 

Margaret: I put that they just swap places depending on what angle you start with. 

Mr. Brugnoli: So what do you mean they swap places? 

Margaret: So ... [pause] ... okay .. .[pause] . . . ifyou start at angle A for the sin it's a-c, 
for the cos it's b-c and then the tan is a-b, but ifyou go and start at B its sin is b
e, the cos is a-c and the tan is b-a. 

Mr. Brugnoli: Okay. Aria, go ahead. 

Aria: When the angle ofreference is B, the sine is the same as the cosine when the 
angle ofreference is A. 

Mr. Brugnoli: Okay, go ahead, Thomas. 

Thomas: When you switch the reference point, it's the exact opposite from the 
other angle. 

Margaret used general vocabulary to generalize the pattern between the sine ratio and cosine 

ratio of complementary angles . When Mr. Brugnoli asked her to explain her thinking, Margaret 

was able to use the technical language to answer the question; however, she pronounced the 

words phonetically. When Mr. Brugnoli prompted Aria, she was able to use technical and 

symbolic vocabulary and appropriately pronounced the trigonometry functions . Finally, when 

Thomas shared his thoughts, he used both technical and general language. Although the students 

all used different vocabulary, they were all able to communicate similar ideas. 

When comparing the three lessons through the lens of teacher and student vocabulary, it 

was apparent that Mr. Brugnoli mostly communicated using sub-technical vocabulary during the 

first two observations, while the second most frequently spoken type of vocabulary was technical 

vocabulary. During the third observation, Mr. Brugnoli uttered mostly technical vocabulary. 
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When comparing students' use of vocabulary, the same patterns emerged with respect to the 

most frequent type of vocabulary uttered during all three lessons. 

Overall findings for teacher and student vocabulary use during all three observations can 

be viewed in Figure 25. Overall, Mr. Brugnoli uttered 122 vocabulary words throughout all three 

lessons. The percentage of technical vocabulary Mr. Brugnoli used was 39%, with 39% sub

technical vocabulary, 6% general vocabulary and 16% symbolic vocabulary. 

General 
80% 

60% 

40% 

20% 
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- Teacher 
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Figure 25. Radar Chart Showing Teacher and Student Vocabulary Use During All of Mr. 
Brugnoli' s Observations 

The students used more vocabulary words than the Mr. Brugnoli with 171 vocabulary 

words. The students used mostly sub-technical vocabulary and technical vocabulary. The 

percentage of technical vocabulary the students used was 23%, with 45% sub-technical 

vocabulary, 7% general vocabulary and 25% symbolic vocabulary. 

Overall, approximately 73% (213 out of 293) of all vocabulary words used in Mr. 

Brugnoli' s classroom were either sub-technical vocabulary ( 43% ) or technical vocabulary 

(30%). The two least frequently used types of vocabulary during all three observations was 

symbolic vocabulary (21 % ) and general vocabulary ( 6% ). 
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Summary 

This chapter focused on the results by first providing an overview of each observed 

lesson, then providing data with respect to levels of teacher discourse, levels of student 

discourse, teacher-student discourse volume and turns, categories of vocabulary and 

characterizations of teachers' response to vocabulary. The next chapter will further discuss these 

findings in connection with answers to the two research questions . It will provide an overview of 

each teacher participant, highlight comparisons amongst types of lessons as well as provided 

similarities and differences between each teacher participant. Finally, a discussion will follow to 

connect the findings of chapter 4 with prior research and the theoretical framework provided in 

chapter 2 of this study. Finally, recommendations for future research will be explored. 
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Chapter 5 

DISCUSSION 

This chapter is divided into six sections. The first section provides a summary of each 

teacher participant. The second section provides a comparison of the types of lessons observed 

while the third section provides a comparison of teacher participants. The fourth section includes 

a discussion of emerging themes and connects the findings with the research questions of this 

study. The fifth section identifies the limitations of this study and includes recommendations for 

future research. Finally, the sixth section provides concluding remarks. 

Summary 

The task of aligning classroom instruction with the CCSSM mathematical practices 

requires teachers to distance themselves from teacher-directed pedagogical approaches while 

adopting student-centered techniques. Included in student-centered techniques, teachers should 

implement strategies that shift classroom discourse from monologic to dialogic discourse. The 

purpose of this study was to investigate what level of discourse is evident as well as how 

vocabulary is addressed in high school mathematics classrooms. The following sub-sections 

summarize the findings that describe the level of discourse of the four teacher participants and 

their students along with their use of mathematical vocabulary. 

Summary of Teacher Findings 

Mrs. Schultz 

Of the three observed lessons, Mrs. Schultz taught two lessons that occurred during the 

middle of a unit and another lesson that was an introductory lesson. For the majority of the time, 

she implemented the district-provided curriculum with the exception of the first lesson. During 

the first lesson, Mrs. Schultz supplemented the curriculum with self-created materials resulting in 
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low cognitive demand tasks. Further, when students were challenged with high cognitive demand 

tasks within the district-provided curriculum, Mrs. Schultz used scaffolding techniques that 

lowered the cognitive demand required to complete the tasks. When analyzing all three 

observations, it was determined that 84% of class time was spent on low cognitive demand tasks. 

This indicates that the focus of the majority of tasks was on memorization or procedures without 

connections (Stein & Smith, 1998). 

The most frequent levels of teacher discourse used by Mrs. Schultz were partial univocal 

and univocal summing to 87% of her utterances. This provides evidence that Mrs. Schultz 

assumed the role as the mathematical authority and rarely encouraged student-to-student 

discourse during whole class discussions. It was determined that Mrs. Schultz dominated whole 

class discussions by speaking more than three times the amount of time that her students spoke, 

supporting the previous claim. Further, 69% of her utterances were interactive and most of her 

interactions with students followed an IRE discourse pattern meaning that her utterances were 

more evaluative rather than exploratory (Jang, 2010). Of the discourse patterns identified, 68% 

were coded as IRE discourse patterns. Mrs. Schultz's classroom would be considered a hybrid 

discourse classroom since she did not solely use IRE discourse patterns; however, by using 

mostly IRE discourse patterns, she tended to lead the conversations towards procedural fluency, 

supporting previous research findings (Imm & Stylianou, 2012). 

Similar to the high percentage oflow-level teacher discourse, 67% of student utterances 

were rated at the lowest levels including answering and making a statement or sharing. This 

indicates that students were not verbally engaged in higher order skills such as explaining, 

generalizing,justifying, and predicting or challenging as frequently. This may have been in 

response to the low level of teacher discourse or the low level of cognitive demand tasks. 

142 



TEACHER AND STUDENT DISCOURSE 

Lastly, Mrs. Schultz used more than double the number of vocabulary words than her 

students did. However, both Mrs. Schultz and her students used technical vocabulary and 

symbolic vocabulary more often than sub-technical vocabulary and general vocabulary. The 

amount of technical vocabulary and symbolic vocabulary uttered by both Mrs. Schultz and her 

students summed to 66% of all vocabulary words observed during the three observed lessons in 

Mrs. Schultz's classroom. 

Overall, Mrs. Schultz's classroom was mostly low cognitive demand with respect to 

tasks, teacher discourse, and student discourse. Although Mrs. Schultz used interactive discourse 

in her classroom, it was mostly through the use of IRE discourse patterns during whole class 

discussions. Finally, although students were using appropriate vocabulary, their use was noted 

substantially less frequently than Mrs. Schultz's use. 

Ms. Wolfe 

Of the three observed lessons, Ms. Wolfe taught one lesson that was a review before an 

assessment, another lesson occurred during the middle of a unit and the third lesson was an 

introductory lesson. During the three lessons observed in Ms. Wolfe's classroom, there were a 

total of seven tasks. Of the seven tasks, three were self-created consisting of a review sheet, a 

warm-up, and a curricular adjustment. Each of the self-created tasks was deemed to be oflow 

cognitive demand. Further, when Ms. Wolfe used the district-provided curriculum, she either 

used scaffolding techniques that lowered the cognitive demand of the task or used tasks that 

required following procedures. When analyzing all three observations, it was determined that 

100% of class time was spent on low cognitive demand tasks. This indicates that the focus of all 

the tasks was on memorization or procedures without connections (Stein & Smith, 1998). 
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The most frequent levels of teacher discourse used by Ms. Wolfe were partial univocal 

and univocal summing to 90% of her utterances. This provides evidence that Ms. Wolfe assumed 

the role as the mathematical authority and rarely encouraged student-to-student discourse during 

whole class discussions. It was determined that Ms. Wolfe dominated whole class discussions by 

speaking approximately three times the amount of time that her students spoke, supporting the 

previous claim. While 68% of her utterances were interactive, most of her interactions with 

students followed an IRE discourse pattern meaning that her utterances were more evaluative 

rather than exploratory (Jang, 2010). Of the discourse patterns identified, 61 % were coded as 

IRE discourse patterns. Ms. Wolfe's classroom would be considered a hybrid discourse 

classroom since she did not solely use IRE discourse patterns; however, by using mostly IRE 

discourse patterns, she tended to lead the conversations towards procedural fluency, supporting 

previous findings (Imm & Stylianou, 2012). 

Similar to the high percentage oflow-level teacher discourse, 76% of student utterances 

were rated at the lowest levels including answering and making a statement or sharing. This 

indicates that students were not verbally engaged in higher order skills such as explaining, 

generalizing,justifying, and predicting or challenging as frequently. This may have been in 

response to the low level of teacher discourse or the low level of cognitive demand tasks. 

Lastly, Ms. Wolfe used more than double the number of vocabulary words than her 

students did. However, both Ms. Wolfe and her students used technical vocabulary and sub

technical vocabulary more often than general vocabulary and symbolic vocabulary. The amount 

of technical vocabulary and sub-technical vocabulary uttered by both Ms. Wolfe and her 

students summed to 81 % of all vocabulary observed during the three observed lessons in Ms. 

Wolfe's classroom. 
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Overall, Ms. Wolfe ' s classroom was mostly low cognitive demand with respect to tasks, 

teacher discourse, and student discourse. Further, although Ms. Wolfe used interactive discourse 

in her classroom, it was mostly through the use of IRE discourse patterns during whole class 

discussions. Finally, although students were using appropriate vocabulary, their use was noted 

substantially less frequently than Ms. Wolfe 's use. 

Mr. Hayford 

Each of the three observed lessons with Mr. Hayford occurred during different stages of a 

unit; the first observation was during a review before a unit assessment, the second lesson was an 

introductory lesson to a unit, and the third lesson occurred during the middle of a unit. Mr. 

Hayford used his own materials for the review lesson, but used the curriculum materials for the 

second and third observed lessons. It was noted that when Mr. Hayford used his own materials 

the cognitive demand of the tasks was low. Likewise, during the second observation when Mr. 

Hayford used the curriculum materials, he used scaffolding techniques that resulted in a decrease 

in cognitive demand required to complete the tasks. The last lesson was the only lesson in which 

he did not over-scaffold resulting in the only high cognitive demand task observed during Mr. 

Hayford's lessons. Due to Mr. Hayford using his own materials and his scaffolding techniques, 

66% of class time was spent on low cognitive demand tasks. This indicates that most time in Mr. 

Hayford' s classroom was spent either recalling facts or performing procedures without 

mathematical connections. 

The most frequent level of teacher discourse Mr. Hayford used was univocal and partial 

univocal summing to 89% of his utterances. This provides evidence that Mr. Hayford assumed 

the role as the mathematical authority and rarely encouraged student-to-student discourse during 

whole class discussions. It was determined that Mr. Hayford dominated whole class discussions 
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by speaking more than four times the amount of time that his students spoke, supporting the 

previous claim. While 54% of his utterances were interactive, most of his interactions with 

students followed an IRE discourse pattern meaning that his utterances were more evaluative 

rather than exploratory (Jang, 2010). Mr. Hayford's classroom would be considered a hybrid 

discourse classroom since he did not solely use IRE discourse patterns; however, he tended to 

lead the conversations towards procedural fluency (Imm & Stylianou, 2012). 

The level of student discourse in Mr. Hayford's classroom was also determined to be low 

during the majority of student utterances ( 59% ). The most frequent low levels of student 

discourse were answering and making a statement or sharing. The most frequent highest level of 

student discourse observed was questioning (25%). However, although a quarter of student 

utterances were student-generated questions, 83% were basic information questions indicating 

that only 17% of questions were wonderment questions. This indicates that although students did 

not verbally engage in higher order levels of discourse such as generalizing or predicting or 

conjecturing, they did engage in questioning, suggesting that Mr. Hayford created a safe learning 

environment that fosters curiosity about mathematics. On the other hand, the high percentage of 

low level of discourse at both the teacher and student level provides evidence that students were 

not expected or encouraged to participate in student-to-student discussions during whole class 

conversations (Arthurs & Duarte, 2000; NCTM, 2000). 

Lastly, Mr. Hayford used more than double the number of vocabulary words than his 

students did. However, both Mr. Hayford and his students used technical vocabulary and sub

technical vocabulary more often than general vocabulary and symbolic vocabulary. The amount 

of technical vocabulary and sub-technical vocabulary uttered by both Mr. Hayford and his 
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students summed to 92% of all vocabulary observed during the three observed lessons in Mr. 

Hayford' s classroom. 

Overall, Mr. Hayford's classroom was mostly low cognitive demand with respect to 

tasks, teacher discourse, and student discourse. Further, although Mr. Hayford used interactive 

discourse in his classroom, it was mostly through the use of IRE discourse patterns during whole 

class discussions. Finally, although students were using appropriate vocabulary, their use was 

noted substantially less frequently than Mr. Hayford's use. 

Mr. Brugnoli 

Of the three observed lessons, Mr. Brugnoli taught two lessons that occurred during the 

middle of a unit and another lesson that was an introductory lesson. During the three lessons 

observed in Mr. Brugnoli ' s classroom, there were a total of nine tasks. Of the nine tasks, five 

were either self-created warm-ups or extensions of the district-provided curriculum. When the 

self-created tasks were warm-ups, they were low cognitive demand tasks that required either 

recall of facts (memorization) or procedures without connections. However, when Mr. Brugnoli 

made curricular changes to extend the curriculum provided tasks, the cognitive demand was 

considered high. When analyzing all three observations, it was determined that 75% of class time 

was spent on high cognitive demand tasks. This indicates that the focus of the majority of tasks 

was on procedures with connections or doing mathematics (Stein & Smith, 1998). 

The most frequent level of discourse used by Mr. Brugnoli was emerging dialogic 

accounting for 62% of his utterances. Further, he used dialogic discourse for 16% of his 

utterances, indicating that 78% of his utterances were of the highest levels of teacher discourse. 

This provides evidence that Mr. Brugnoli allows mathematical concepts to come to fruition 

through purposeful discourse rather than assuming the role of the mathematical authority. 
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Instead, he encourages students to explore mathematical ideas with each other, share alternative 

solution methods, and critique each other in order to construct mathematical knowledge through 

student-to-student discourse during small group and whole class discussions (Cobb et al. , 1997). 

It was determined that the whole class discussions in Mr. Brugnoli ' s classroom mimicked natural 

conversations supported by the fact that Mr. Brugnoli spoke nearly the same amount of time as 

his students during whole class conversations. Further, 97% of his interactions were interactive 

and most of his interactions with students followed an IRF discourse pattern meaning that his 

utterances provided elaborative feedback more often than being evaluative (Jang, 2010). Of the 

discourse patterns identified, 71 % were coded as IRF discourse patterns. Mr. Brugnoli 's 

classroom would be considered a high discourse classroom considering the students constructed 

their own mathematical knowledge rather than relying on Mr. Brugnoli as the mathematical 

authority (Imm & Stylianou, 2012). 

Similar to the high level of teacher discourse, 56% of student utterances were rated as 

high level including explaining, questioning and justifying. This indicates that students were 

verbally engaged in higher order discourse skills. 

Lastly, Mr. Brugnoli used fewer vocabulary words than his students. However, both Mr. 

Brugnoli and his students used technical vocabulary and sub-technical vocabulary more often 

than general vocabulary and symbolic vocabulary. The amount of technical vocabulary and sub

technical vocabulary summed to 73% of all vocabulary observed during the three observed 

lessons in Mr. Brugnoli' s classroom. 

Overall, Mr. Brugnoli ' s classroom was mostly high cognitive demand with respect to 

tasks, teacher discourse and student discourse. Further, Mr. Brugnoli used mostly interactive 

discourse through IRF discourse patterns during whole class discussions. Finally, both Mr. 
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Brugnoli and his students used appropriate vocabulary; however, the students ' use was noted 

more frequently than Mr. Brugnoli ' s use. 

Similarities and Differences: Lessons 

Of the 12 lessons observed, four were introduction lessons, six were middle-of-the-unit 

lessons and two were review lessons. The following paragraphs will highlight similarities and 

differences between and among the three types of lessons. 

Introduction Lessons 

Of the four introduction lessons, two were taught by Mrs. Schultz and Ms. Wolfe at the 

Integrated Mathematics I level. Mr. Hayford and Mr. Brugnoli taught the other two introduction 

lessons at the Geometry level. Similarities and differences will be considered within the same 

course then all the introduction lessons will be compared across the four teachers. 

Mrs. Schultz and Ms. Wolfe introduced the unit titled "Connecting Algebra & Geometry" 

using the same lesson to find the length of a line segment on the Cartesian plane. Between the 

two lessons, there were noticeable similarities and differences. 

Mrs. Schultz ' s lesson consisted of three tasks, and she implemented the curriculum as 

written. Ms. Wolfe did not implement the curriculum as written; instead, she provided students 

with self-created guided notes for students to use. Ms. Wolfe 's lesson consisted of four tasks; she 

posed a fourth task within the curriculum after students had developed the distance formula. 

During the lesson, both teachers used scaffolding techniques that lowered the cognitive 

demand of two of the curriculum tasks; however, Ms. Wolfe provided even more support by 

providing the guided notes for students to follow a step-by-step process to develop the distance 

formula. Mrs. Schultz did not use scaffolding techniques during one of the tasks and therefore 

37% of her lesson was rated as high cognitive demand. On the other hand, Ms. Wolfe used 
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scaffolding techniques during the entire lesson resulting in 100% of her lesson being rated as low 

cognitive demand. 

One of the similarities between Mrs. Schultz 's and Ms. Wolfe's lessons was that they 

both used whole class discussions for the majority of the lesson. While participating in whole 

class discussions, both teachers utilized partial univocal discourse (Mrs. Schultz: 56% and Ms. 

Wolfe: 65%) most frequently while univocal discourse (Mrs. Schultz : 32% and Ms. Wolfe: 31 %) 

was second most frequent. Out of the three lessons observed with Ms. Wolfe, she used partial 

univocal discourse the most during this introduction lesson. Both teachers lowered the frequency 

of their emerging dialogic discourse during this lesson when compared to their other two lessons. 

Both teachers used more IRE discourse patterns than IRF discourse patterns, which coincided 

with their other lessons. 

During both of Mrs. Schultz ' s and Ms. Wolfe 's introduction lessons, the higher level of 

student discourse observed was challenging in order to communicate ideas. This was the only 

lesson out of Mrs. Schultz's three lessons during which the high levels of student discourse, 

challenging and relating were observed. 

Mrs. Schultz and Ms. Wolfe used general vocabulary more often during this lesson than 

the other lessons observed from the two teachers. In contrast, their students uttered more 

technical vocabulary in this lesson than the other observed lessons. It is worth noting that Mrs. 

Schultz never used the phrase "distance formula;" however, Ms. Wolfe used this terminology 

explicitly by telling her students that they had developed the distance formula. Mrs. Schultz may 

have passively ignored the technical language in an attempt to increase the cognitive demand 

level of the task by detaching the problem from rote memorization or procedures without 

connections, but scaffolding techniques worked in direct contrast of this goal. 
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Mr. Hayford and Mr. Brugnoli introduced the unit titled "Similarity & Right Triangle 

Trigonometry" using the lesson to find scale factors of similar polygons. Between the two 

lessons, there were noticeable similarities and differences . 

Mr. Hayford's lesson consisted of four tasks, and he implemented the curriculum as 

written. Mr. Brugnoli ' s lesson consisted of three tasks, two of which were self-created to 

supplement the curriculum. Mr. Hayford grouped students into pairs during the introduction 

lesson, whereas Mr. Brugnoli used mostly whole class discussions. One of the tasks used was the 

same for both teachers; however, Mr. Brugnoli extended the task by requiring students to justify 

their thinking when speaking within small groups. 

During the lesson, Mr. Hayford used tasks that required students to perform procedures 

without connections along with scaffolding techniques that lowered the cognitive demand of the 

curriculum tasks resulting in 100% of his lesson being rated as low cognitive demand. In 

contrast, when Mr. Brugnoli used one of the same low cognitive demand tasks, he used his own 

prompt to extend it into a higher cognitive demand task since students had to explain their 

thinking. Such actions resulted in 58% of his lesson being rated as high cognitive demand. 

One of the similarities between Mr. Hayford's and Mr. Brugnoli's introductory lessons 

was that both teachers used more univocal discourse and less emerging dialogic discourse than in 

their other two lessons. Another similarity was that both teachers used more IRF discourse 

patterns than IRE discourse patterns during their introduction lessons. 

When comparing levels of student discourse during the introduction lessons at the 

Geometry level, all students used the lowest levels of student discourse, answering and making a 

statement or sharing to communicate. The highest levels of student discourse that were observed 

during both lessons were explaining and questioning. The higher levels of student discourse 
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observed during Mr. Hayford' s lesson that were not observed during Mr. Brugnoli 's lesson were 

challenging,justifying, and relating. This was the only one of Mr. Hayford' s lessons during 

which the level of student discourse, relating, was observed. There were no higher levels of 

student discourse observed during Mr. Brugnoli' s lesson, which was substantially different from 

his other lessons. 

Finally, both teachers used sub-technical vocabulary more often during this lesson than 

their other two lessons. Likewise, their students used sub-technical vocabulary more often than 

the other two lessons. Further, Mr. Hayford and Mr. Brugnoli used technical vocabulary less 

often during this lesson than their other two lessons. The same was noted for their students. 

When comparing Mr. Hayford's and Mr. Brugnoli's introduction lessons, Mr. Hayford 

and his students used more symbolic vocabulary than he did in his other observed lessons. 

However, Mr. Brugnoli and his students used no symbolic vocabulary, but both Mr. Brugnoli and 

his students increased their use of general vocabulary with respect to his other lessons. 

Overall, there were many differences and few similarities between the four introduction 

lessons. As for similarities, each teacher implemented low cognitive demand tasks for the 

majority of their introduction lessons. Further, all four used less emerging dialogic discourse 

than any of their respective lessons. There was also a change in type of vocabulary used by each 

teacher when compared to his or her other lessons. Mrs. Schultz, Ms. Wolfe and Mr. Brugnoli 

increased their use ofgeneral vocabulary during their introduction lessons whereas Mr. Hayford 

increased his use of symbolic vocabulary. 

Middle-of-the-Unit Lessons 

Of the six middle-of-the-unit lessons, Mrs. Schultz taught two and Ms. Wolfe taught one 

at the Integrated Mathematics I level. Mr. Hayford taught one and Mr. Brugnoli taught two at the 
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Geometry level. Similarities and differences will be considered within the same course then all 

the middle-of-the-unit lessons will be compared across the four teachers. 

One of Mrs. Schultz ' s and Ms. Wolfe 's lessons was part of a unit titled, "Congruence, 

Construction & Proof' and the other middle-of-the-unit lesson that Mrs. Schultz taught was part 

of a unit titled, "Modeling Data." Each lesson had different learning goals; however, there were 

noticeable similarities and differences that will be discussed. 

During the first middle-of-the-unit lesson Mrs. Schultz taught, she used only self-created 

materials resulting in 100% ofher lesson being rated as low cognitive demand. During her 

second middle-of-the-unit lesson, she used only curriculum materials resulting in 88% of her 

lesson being rated as low cognitive demand. Ms. Wolfe on the other hand used both self-created 

materials and the curriculum, which resulted in 100% of her lesson being rated as low cognitive 

demand. Mrs. Schultz used whole class discussions during her first lesson, but individual work 

during the second lesson. Ms. Wolfe used individual work during her middle-of-the-unit lesson. 

Both teachers used varying levels of teacher discourse; however, they both used 

increased levels of emerging dialogic discourse during the middle-of-the-unit lessons when 

compared to their other lessons. Additionally, both teachers used more IRE discourse patterns 

than IRF discourse patterns, but this was similar to both teachers' other lessons. A difference 

between the teachers on these lessons was that during both of Mrs. Schultz ' s lessons she spoke 

more utterances than her students did; however, Ms. Wolfe spoke fewer utterances than her 

students did during this lesson. 

The levels of student discourse also varied for the Integrated Mathematics I middle-of

the-unit lessons. Students used some low levels of discourse, answering and making a statement 

or sharing and some high levels of discourse, explaining and questioning within all three. One 
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high level of student discourse, generalizing, was noted during one of Mrs. Schultz ' s lessons but 

not during Ms. Wolfe ' s lesson. However, challenging was one high level of student discourse 

observed in Ms. Wolfe ' s lesson but not in Mrs. Schultz's lessons. 

Out of all the types of vocabulary uttered by both Mrs. Schultz and Ms. Wolfe during 

these lessons, general vocabulary accounted for 12%. This was consistent across all of Mrs. 

Schultz ' s lessons; however, in this middle-of-the-unit lesson Ms. Wolfe's use ofgeneral 

vocabulary increased over her other lessons. All other types of vocabulary during the Integrated 

Mathematics I middle-of-the-unit lessons were noted at varying frequencies. 

Mr. Hayford' s and Mr. Brugnoli ' s lessons were all part of a unit titled, "Similarity & 

Right Triangle Trigonometry;" however, none of the learning targets were the same. With this 

being said, there were noticeable similarities and differences that will be discussed. 

Both Mr. Hayford and Mr. Brugnoli used a combination of self-created materials and 

curriculum tasks for all of the middle-of-the-unit lessons, which resulted in a combination of 

both high and low cognitive demand tasks. Further, the majority of time during these lessons at 

the Geometry level was spent on high cognitive demand tasks. Mr. Hayford predominately used 

whole class discussions during his lesson, while Mr. Brugnoli used whole class discussions 

during his first middle-of-the-unit lesson and small group work during the second. 

Another similarity between the lessons was the level of teacher discourse. Throughout all 

three lessons, Mr. Hayford and Mr. Brugnoli decreased their use of univocal discourse while 

their use of emerging dialogic discourse and dialogic discourse increased. A difference in 

teacher discourse was that Mr. Hayford used more IRE discourse patterns than IRF discourse 

patterns during his lesson ,whereas Mr. Brugnoli used more IRF discourse patterns than IRE 
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discourse patterns during his two lessons. Although this coincided with Mr. Brugnoli ' s other 

lesson, Mr. Hayford 's use of IRE discourse patterns differed from his other two lessons. 

The levels of student discourse observed during Mr. Hayford' s and Mr. Brugnoli ' s 

middle-of-the-unit lessons were also similar, but had a few differences. For example, during all 

of these lessons, Mr. Hayford's and Mr. Brugnoli's students used answering, making a statement 

or sharing, explaining, and questioning levels of discourse to communicate. However, the levels 

of student discourse that were observed during Mr. Brugnoli' s lessons that were absent from Mr. 

Hayford' s lesson were relating and generalizing, both considered high levels of student 

discourse. In addition, during these lessons, the frequency of student utterances was higher than 

the frequency of Mr. Hayford's and Mr. Brugnoli's utterances. 

Finally, there were more differences between the middle-of-the-unit lessons than there 

were similarities at the Geometry level when comparing types of vocabulary. Mr. Hayford' s 

lesson and one of Mr. Brugnoli ' s lessons were similar to their other lessons with respect to their 

use of sub-technical vocabulary, technical vocabulary and symbolic vocabulary. However, 

during Mr. Brugnoli's final observation, both he and his students had decreased their use of 

general vocabulary and sub-technical vocabulary, whereas their use of technical vocabulary and 

symbolic vocabulary increased. The one similarity was that both teachers had decreased their use 

ofgeneral vocabulary when compared to the other types of vocabulary during these lessons. 

Overall, there were fewer similarities than differences between all six middle-of-the-unit 

lessons. As for similarities, each teacher implemented self-created materials to supplement the 

district-provided curriculum. In addition, the higher levels of student discourse that were 

observed in all six lessons were explaining and questioning. At the Integrated Mathematics I 

155 



TEACHER AND STUDENT DISCOURSE 

level, IRE discourse patterns where more prevalent, whereas IRF discourse patterns were noted 

more prevalent at the Geometry level. 

Review Lessons 

Of the two review lessons, Ms. Wolfe taught one at the Integrated Mathematics I level 

and Mr. Hayford taught the other at the Geometry level. Similarities and differences will be 

discussed within the following paragraphs. 

Ms. Wolfe reviewed for a formative assessment at the end of a unit titled, 

"Transformations & Symmetry" mostly using whole class discussions. Mr. Hayford reviewed for 

a formative assessment at the end of a unit titled, "Geometric Figures" mostly using small group 

discussions. Both teachers used a self-created review sheet that consisted of low cognitive 

demand tasks resulting in 100% of both of their lessons being rated as low cognitive demand. 

Although Mr. Hayford used a review sheet, he also spent the beginning of his lesson reviewing 

the previous nights ' homework using the curriculum. 

It was noted that Ms. Wolfe used partial univocal discourse ( 48%) most often during her 

review lesson and univocal discourse ( 40%) second most frequently. Mr. Hayford on the other 

hand used univocal discourse ( 61 % ) most frequent during his review lesson. Both teachers used 

univocal discourse more frequently during their review lessons than any of their other lessons. 

However, Ms. Wolfe ' s review lesson was the only lesson of her three observed lessons during 

which dialogic discourse (5%) was observed. Another similarity between the two teachers' 

discourse on these review lessons was that they both used IRF discourse patterns more often than 

IRE discourse patterns. This was the only lesson of Ms. Wolfe 's three observed lessons in which 

this relationship was noted. With this being said, both teachers used fewer IRE discourse patterns 

and fewer IRF discourse patterns than any of their other lessons. 
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A notable difference between the two review lessons was the level of student discourse 

observed in each. During Ms. Wolfe ' s lesson, students used the lowest level of discourse, 

answering, most frequently when communicating during whole class discussions. In contrast, 

students in Mr. Hayford' s class used a higher level of discourse, questioning, to gain more 

knowledge of the mathematical processes and content. During Ms. Wolfe ' s lesson, students ' had 

fewer utterances when compared to her other lessons. On the other hand, Mr. Hayford's 

students' had more utterances compared to his other lessons. This may have been due to the fact 

that they were engaged in higher levels of student discourse than answering with simple answers. 

The types of vocabulary that were uttered most frequently were sub-technical vocabulary 

and technical vocabulary by both the teachers and their students. During Mr. Hayford's lesson 

the use of sub-technical vocabulary was lower and the use of technical vocabulary was greater 

by both Mr. Hayford and his students when compared to his other lessons. Further, Mr. Hayford 

and his students uttered more general vocabulary words during the review lesson when 

compared to his other lessons; however, general vocabulary was not the most frequently used 

type of vocabulary during the review lesson. Lastly, Ms. Wolfe and her students used the lowest 

amount ofgeneral vocabulary during the review lesson. 

Overall, the two review lessons were taught using self-created review sheets consisting of 

100% low cognitive demand tasks. Both teachers used univocal discourse more than any of their 

other lessons; however, they used more IRF discourse patterns than IRE discourse patterns. Also, 

the types of vocabulary that were noted most frequently were sub-technical vocabulary and 

technical vocabulary. 
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All Lessons 

In general, as teachers progressed through the unit, they tended to use more self-created 

materials to supplement the district-provided curriculum. In addition, introduction and review 

lessons tended to consist of mostly low cognitive demand tasks whereas middle-of-the-unit 

lessons had a variety of low and high cognitive demand tasks. 

During introduction lessons and review lessons, teachers used emerging dialogic 

discourse less frequently than they did during middle-of-the-unit lessons. Instead, they used 

either univocal discourse or partial univocal discourse to communicate during whole class 

discussions during introduction and review lessons. The levels of teacher discourse that 

increased during middle-of-the-unit lessons were emerging dialogic discourse and dialogic 

discourse. The only observation with respect to discourse patterns was that during both of the 

review lessons, teachers provided more evaluative feedback to students using IRE discourse 

patterns than elaborative feedback using !RF discourse patterns. There were no other similarities 

or differences when comparing discourse patterns across introduction and middle-of-the-unit 

lessons. 

There were no patterns when comparing levels of student discourse throughout the three 

types of lessons. However, during all the lessons, the levels of student discourse that were always 

observed included answering, making a statement or sharing, explaining and questioning. 

Students always engaged in at least four levels of student discourse and sometimes used eight 

levels of student discourse within a lesson. There were also no patterns when comparing types of 

vocabulary used throughout the three types of lessons. 
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Similarities and Differences across Teachers 

To identify emerging themes with respect to mathematical discourse, the participants 

were compared using the following lens: cognitive demand of tasks, level of teacher discourse, 

discourse interaction, discourse patterns, duration of teacher utterances, duration of student 

utterances, and level of student discourse. Table 19 provides an overview of each participant and 

a discussion follows. 

Table 19 
Comparison ofAll Participants Through Multiple Lens 

Mrs. Schultz Ms. Wolfe Mr. Hayford Mr. Brugnoli 
Cognitive Demand of Tasks a 

Low 
High 

Level of Teacher Discourseb 
Low 
High 

Discourse Interactionc 
Non-interactive 
Interactive 

Discourse Patternsd 
IRE 
IRF 

Duration of Utterancese 
Teacher 
Students ' 

Level of Student Discourser 
Low 
High 

84% 100% 66% 25% 
16% 0% 34% 75% 

87% 90% 89% 22% 
13% 10% 11% 78% 

31% 31% 46% 3% 
69% 68% 54% 97% 

68% 61% 61% 29% 
32% 39% 39% 71% 

82% 75% 81% 56% 
18% 25% 19% 44% 

67% 76% 59% 44% 
33% 24% 41% 56% 

aThe percentage provided represents the total amount of time during all three lessons. 
bThe percentage provided represents all teacher utterances during all three lessons. 
cThe percentage provided represents all discourse interactions during all three lessons. 
dThe percentage provided represents the numbers of discourse patterns out of all IRE and IRF 
discourse patterns observed during all three lessons. 
eThe percentage provided represents the total duration of teachers ' and students ' utterances 
during all whole class discussions . 
fThe percentage provided represents all student utterances during all three lessons. 

When comparing the four teachers' tasks for their lessons, three of the teachers used low 

cognitive demand tasks for the majority of their instruction. Mrs. Schultz used low cognitive 
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demand tasks during 84% of all her lessons, Ms. Wolfe used low cognitive demand tasks during 

100% of all her lessons, and Mr. Hayford used low cognitive demand tasks during 66% of his 

lessons. However, Mr. Brugnoli used low cognitive demand tasks during only 25% of his 

lessons. 

Similar to the previous findings , Mrs. Schultz, Ms. Wolfe, and Mr. Hayford all used 

partial univocal discourse and univocal discourse most frequently during all three lessons. Mrs. 

Schultz used the two lowest levels of teacher discourse for 87% of all her utterances, Ms. Wolfe 

used the two lowest levels of teacher discourse for 90% of all her utterances, and Mr. Hayford 

used the two lowest levels of teacher discourse during 89% of all his utterances. All three 

teachers used emerging dialogic discourse and dialogic discourse the third and fourth most 

frequently, respectively. Mr. Brugnoli, on the other hand, used the two lowest levels of discourse 

during only 22% of all the time of his utterances. He used emerging dialogic discourse and 

partial univocal discourse most frequently; however, he used dialogic discourse nearly as often 

as he used partial univocal discourse. In general, when teachers did use dialogic discourse, it 

was only during lessons that contained a high cognitive demand tasks, with the exception of one 

of Ms. Wolfe's lessons. 

When comparing the participants through the lens of interactive or non-interactive 

utterances, all used interactive utterances for over 50% of all their utterances. Mrs. Schultz used 

interactive utterances during 69% of all of her utterances, Ms. Wolfe used interactive utterances 

during 68% of all of her utterances, Mr. Hayford used interactive utterances during 54% of all of 

his utterances, and Mr. Brugnoli used interactive utterances during 97% of all of his utterances. 

Additionally, Mrs. Schultz (!RF: 32% vs IRE: 68%), Ms. Wolfe (!RF: 39% vs IRE: 61 %), and 

Mr. Hayford (!RF: 39% vs IRE: 61 %) used IRE discourse patterns more frequently than IRF 
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discourse patterns. Only Mr. Brugnoli used IRF discourse patterns more often (!RF: 71 % vs IRE: 

29%) than IRE discourse patterns. 

Mrs. Schultz, Ms. Wolfe, and Mr. Hayford spoke considerably more than their students 

did during all observations. Out of the total durations of the three observations for each 

participant, Mrs. Schultz spoke for 42% of the time, Ms. Wolfe spoke for 50% of the time, and 

Mr. Hayford spoke for 42% of the time. Meanwhile, their students' utterances accounted for 

much less of the time. Mrs. Schultz's students spoke for 9% of the time, Ms. Wolfe's students 

spoke for 17% of the time, and Mr. Hayford's students spoke for 10% of the time. In contrast, 

Mr. Brugnoli's utterances accounted for much less time (23%) than any of the other teachers' 

utterances, while his students' utterances accounted for more time (18%) than any other 

participants' students' utterances. 

When comparing the participants through the lens of student discourse, Mrs. Schultz's 

students, Ms. Wolfe's students and Mr. Hayford's students used the lowest levels of student 

discourse, answering and making a statement or sharing during most (between 59% - 76%) of 

their utterances. During Mrs. Schultz's, Ms. Wolfe's, and Mr. Hayford's lessons, students used 

the lowest levels of student discourse in the order previously stated. However, in Mr. Brugnoli's 

class, students most frequently used high levels of discourse (56%) in the following order: 

explaining questioning,justifying, individual reflection, challenging, generalizing, and relating. 

The one type of high level of student discourse that was missing from all participants' lessons 

was predicting or conjecturing. Additionally, the high level of student discourse absent from Ms. 

Wolfe's and Mr. Hayford's lessons was generalizing. 

What level of discourse is evident in high school mathematics classrooms? Since 

national documents such as NCTM (1989, 1991 , 2000), and more recently the CCSSM (2010), 
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have made the call for purposeful discourse in mathematics classrooms since 1989, it was 

unforeseen that three out of the four teachers would still be using the lowest levels of teacher 

discourse between 87% and 90% for their utterance . These findings are consistent with those 

findings of past research conducted two decades ago such as Reibert and Steigler (1998). 

Further, the same three teachers not only had more utterances than their students, but their 

utterances also accounted for much more time than their students' utterances. Additionally, the 

same three teachers used IRE discourse patterns more frequently than IRF discourse patterns; 

however, research has shown that IRF discourse patterns result in dialogic interactions (Imm & 

Stylianou, 2012). Mr. Brugnoli was the only teacher out of the four that consistently used high 

levels of teacher discourse when engaging with his students during whole class discussions. 

Further, by using high levels of teacher discourse, he most frequently used IRF discourse 

patterns to provide feedback to elicit students ' thoughts. Although Mr. Brugnoli spoke for more 

time than his students did, he did not do so by much, which was a result of high levels of teacher 

discourse and IRF discourse patterns. 

Similar to the three teachers who most frequently used low levels of teacher discourse, 

their students also used low levels of discourse most frequently when communicating during 

whole class discussions. This may have been because: (a) students are unfamiliar with higher 

levels of discourse, (b) teacher question posing does not promote higher levels of student 

discourse or ( c) students engaged in higher levels of discourse during small group interactions, 

but not during whole class discussions. On the other hand, Mr. Brugnoli consistently used high 

levels of discourse and his students used high levels of discourse most frequently when 

communicating during whole class discussions. 
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How is vocabulary addressed in high school mathematics classrooms? When 

comparing teacher use and student use of different types of vocabulary, a few themes emerged. 

Findings related to each teacher with respect to their use of vocabulary compared with their 

students ' use of vocabulary during all three observations can be viewed in Figure 26. 

Symbolic.. 

Technical Technical 

Mrs. Schultz Ms. Wolfe 

Sub
Symbolic · 

technical 

Technical Technical 

Mr. Hayford Mr. Brugnoli 

- Stud,1911 

Figure 26. Teacher and Student Use of Vocabulary During All Observations by Teacher. 

It was noted that the students ' use of vocabulary closely mimicked their teacher 's use of 

vocabulary. The least frequently used type of vocabulary by both teachers and students was 

general vocabulary. In addition, with the exception of Mrs. Schultz and her students, all of the 

teachers and students communicated through the use of sub-technical vocabulary and technical 
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vocabulary. Mrs. Schultz and her students used symbolic vocabulary and technical vocabulary 

most frequently. 

Discussion 

The objective of this study was to explore what levels of discourse are evident along with 

how vocabulary is addressed in high school mathematics classrooms. It was clear that the type of 

classroom (i.e. low discourse, hybrid discourse or high discourse) had defining qualities. The 

differences between hybrid discourse classrooms and high discourse classrooms can be found in 

Figure 27. 

Hybrid 
discourse 

classroom 

High 
discourse 

classroom 

Figure 27. Comparison Between Hybrid Discourse Classroom and High Discourse Classroom. 

The findings of this study suggest that there exists a relationship between using high 

cognitive demand tasks, high levels of teacher discourse, more IRF discourse patterns than IRE 

discourse patterns and high levels of student discourse. Further, high cognitive demand tasks 

seemed to promote higher levels of teacher discourse, which results in higher levels of student 

discourse. In contrast, low cognitive demand tasks lend themselves to lower levels of teacher 
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discourse including more IRE discourse patterns than IRF discourse patterns and lower levels of 

student discourse. 

Further, the duration of Mr. Brugnoli's students ' utterances were generally the same 

when compared to the duration of students ' utterances in other classrooms even though they had 

fewer utterances. This indicates that their utterances were more involved than one-word answers 

and simple statements in result of Mr. Brugnoli's emerging dialogic and dialogic teacher 

discourse and engaging in high cognitive demand tasks. 

The findings of this study are generally compatible with previous studies claiming that 

teachers have the potential to increase classroom discourse by purposefully choosing high 

cognitive demand tasks that provide students with an opportunity grapple with new mathematical 

ideas and relationships as well as explore and explain alternative solution strategies. Mr. 

Brugnoli ' s classroom was a high discourse classroom with the highest level of cognitive demand 

tasks and teacher discourse out of all four participant. ,and his students engaged in whole class 

discussions using high levels of student discourse most often. However, his students engaged in 

explaining most frequently. If Mr. Brugnoli provided feedback that encouraged students to 

justify their thoughts, relate their ideas to prior knowledge or generalize patterns after they 

explained their process, whole class discussions would have been more dialogical. By providing 

purposeful feedback that engages students in higher levels of discourse, teachers can facilitate 

the discussion to move past procedural explanations. 

The teachers ' years of experience may have had an influence with respect to the levels of 

discourse observed. Mrs. Schultz, Ms. Wolfe and Mr. Hayford had over 18 years of teaching 

experience whereas Mr. Brugnoli had 13 years of experience. Mr. Brugnoli attended his teaching 

preparation program during the tum of the century when NCTM's 2000 publication, Principles 
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and Standards for School Mathematics (2000), was heavily influencing a paradigm shift in 

mathematics education. This indicates that teacher preparation programs may influence teachers 

in ways that support their alignment to national standards documents. 

The observation of vocabulary use was not consistent with the notion of high discourse 

classrooms have more use of vocabulary. Conversely, Ms. Wolfe had the highest use of low

level teacher discourse in her utterances while her and her students used the most vocabulary. 

Further, Mr. Brugnoli had the highest use of high-level teacher discourse in his utterances while 

he and his students used the least amount of vocabulary. These findings indicate that it is more 

likely that teachers who assume the role as the mathematical authority and use low cognitive 

demand tasks focus on correct mathematical vocabulary or ask questions that result in one-word 

answers, specifically vocabulary words . The use of high levels of teacher discourse with high 

cognitive demand tasks results in decreased frequency of vocabulary. Mr. Brugnoli tended to use 

general vocabulary most frequently during his introduction unit. As Mr. Brugnoli progressed 

through the unit, the percentage of general vocabulary decreased while the percentage of 

technical vocabulary increased. This technique may have allowed his students to engage in 

productive struggle while learning the mathematics content and related vocabulary. In addition, it 

is worth noting that Mr. Brugnoli' s students were the only students who used more vocabulary 

than their teacher did. 

Limitations and Future Work 

The intention of my study was to identify the levels of discourse and types of vocabulary 

that exist in secondary mathematics classrooms. A few limitations restrict the implications and 

generalizability of the results of this study. 
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First, this study only consisted of four case studies and therefore the findings should not 

be overgeneralized. Of the four teachers, each has been teaching for over 13 years. Having more 

teachers with varying teaching experiences would allow for a stronger argument to generalize to 

a broader population. Additionally, three lessons were observed for each teacher within a two

month period. Ideally, there should be more observations and they should range the entire 

academic year in order to gain a full understanding of how vocabulary and discourse was used 

throughout the year rather than such a small window of time. 

Finally, this study only considered whole class discussions. The teachers observed for 

this study used individual work time or small group work during 30% - 60% of all instruction 

time. It is reasonable to assume that different levels of discourse and types of vocabulary were 

used during small group conversations than during whole class discussions. However, this was 

beyond the scope of this study. 

Recommendations for Future Research and Professional Development Providers 

While this study contributes to the field of discourse and vocabulary in the secondary 

mathematics classroom, future research can shed more light on why these findings exist. First, 

future research should explore teacher beliefs with respect to discourse and vocabulary in 

conjunction with classroom observations to see how teacher beliefs affect the levels of discourse 

and vocabulary use within the classroom. Researchers have found evidence indicating that 

teachers' espoused beliefs about the nature of mathematics, along with teaching and learning 

mathematics influence the way in which they teach (Skemp, 1978; Sullivan & Mousley, 2001 ; 

Thompson, 1992; Beswick, 2012; Liljedahl, 2008, Speer, 2008; Wilkins, 2008). Therefore, 

understanding the relationships that exist between teachers' beliefs and their practices might shed 
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light on how to better support teachers during reform transitions to conduct discussions in 

mathematics classrooms. 

Secondly, each of the participants attended some form of professional development; 

however, three of the four teachers maintained a hybrid discourse classroom. Professional 

development sessions and providers should focus efforts on how to support teachers with 

choosing and implementing high cognitive demand tasks. Heavy scaffolding techniques were 

observed in all hybrid discourse classrooms, which lowered the cognitive demand of the tasks 

and teacher discourse while increasing the amount of IRE discourse patterns resulting in low 

levels of student discourse. If teachers are familiar and comfortable with maintaining the 

cognitive demand of tasks at a high level, they have the potential to foster a high discourse 

classroom. 

Concluding Remarks 

Although reform movements continue to call for higher levels of discourse in the 

mathematics classrooms, teachers continue to struggle with this task. The teachers of this study 

participated in professional development sessions that focused on the eight mathematical 

practices, but three of the four teachers continued to use self-created materials and scaffolding 

techniques that lowered the cognitive demand and discourse present within their classroom. As a 

result, their levels of teacher discourse were at the two lowest levels, univocal discourse and 

partial univocal discourse. Additionally, three teachers prevented their classrooms from 

becoming high discourse classrooms by consistently using IRE discourse patterns more 

frequently than IRF discourse patterns. Likewise, the levels of student discourse were most 

frequently noted at the lowest levels. However, by increasing the level of cognitive demand 

tasks, teacher discourse and the number of IRF discourse patterns, Mr. Brugnoli was able to 
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make gains to increase his students' level of discourse to explaining rather than answering and 

making a statement or sharing. Lastly, an increase in frequency of vocabulary use does not 

imply dialogical discussions. Instead, other variables such as who spoke vocabulary most 

frequently was a higher indicator of dialogic discussions. 

Results of this study show that further research is necessary to uncover why teachers and 

students continue to use low levels of teacher discourse. Future researchers should not only focus 

their attention on identifying why these observations are present, but also on the development of 

pedagogical strategies that facilitate the creation of more dialogic classrooms. 
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APPENDIX A: School Permission to Conduct Research 

SCHOOL PERMISSION TO CONDUCT RESEARCH 

May 22, 2018 

Dear Institutional Review Board: 
The purpose of this letter is to inform you that I give Kristi Martin permission to conduct 
the research titled A Study ofMathematics Teachers' Beliefs and Mathematical Practices at 
XXXXXX High School. This also serves as assurance that this school complies with 
requirements of the Family Educational Rights and Privacy Act (FERPA) and the Protection 
of Pupil Rights Amendment (PPRA) (see back for specific requirements) and will ensure 
that these requirements are followed in the conduct of this research. 

Sincerely, 

JeffBroome 
Principal 
XXXXXX High School 
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The school/district has developed and adopted policies in conjunction with parents for the following: 
• The right of a parent of a student to inspect, upon the request of the parent, a survey created by a third 

party before the survey is administered or distributed by a school to a student. Any applicable 
procedures for granting a request by a parent for reasonable access to such survey within a reasonable 
period of time after the request is received. 

• Arrangements to protect student privacy that are provided by the agency in the event of the 
administration or distribution of a survey to a student containing one or more of the following items 
(including the right of a parent of a student to inspect, upon the request of the parent, any survey 
containing one or more of such items): Political affiliations or beliefs of the student or the student's 
parent. Mental or psychological problems of the student or the student's family. Sex behavior or attitudes. 
Illegal, anti-social, self-incriminating, or demeaning behavior. Critical appraisals of other individuals with 
whom respondents have close family relationships. Legally recognized privileged or analogous 
relationships, such as those oflawyers, physicians, and ministers. Religious practices, affiliations, or 
beliefs of the student or the student's parent. Income (other than that required by law to determine 
eligibility for participation in a program or for receiving financial assistance under such program). 

• The right of a parent of a student to inspect, upon the request of the parent, any instructional material 
used as part of the educational curriculum for the student. Any applicable procedures for granting a 
request by a parent for reasonable access to instructional material received. 

• The administration of physical examinations or screenings that the school or agency may administer to a 
student. 

• The collection, disclosure, or use of personal information collected from students for the purpose of 
marketing or for selling that information ( or otherwise providing that information to others for that 
purpose), including arrangements to protect student privacy that are provided by the agency in the event 
of such collection, disclosure, or use. 

• The right of a parent of a student to inspect, upon the request of the parent, any instrument used in the 
collection of personal information before the instrument is administered or distributed to a student. Any 
applicable procedures for granting a request by a parent for reasonable access to such instrument within 
a reasonable period of time after the request is received. 
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APPENDIX B: Teacher Consent Form 

T...:i.. University at Buffalo 
~ TTieState U11iversityo[New York 

University at Buffalo Institutional Review Board (UBIRB) 

Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 

UB Federalwide Assurance ID#: FWA00008824 

Title of research study: A Study of Mathematics Teachers ' Beliefs and Mathematical 
Practices 

Version Date: December 24, 2016 

Investigator: Kristi Martin 

Why am I being invited to take part in a research study? 
You are being invited to take part in a research study because you are a 9-12 Mathematics 
teacher. 

What should I know about a research study? 
• Someone will explain this research study to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you. 
• You can ask all the questions you want before you decide. 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, talk to the 
research team at 716-604-6309 or email krm33@buffalo.edu. You may also contact the research 
participant advocate at 716-888-4845 or researchadvocate@buffalo.edu. 

This research has been reviewed and approved by an Institutional Review Board ("IRB"). You 
may talk to them at (716) 888-4888 or email ub-irb@buffalo.edu 

if: 
• You have questions about your rights as a participant in this research 
• Your questions, concerns, or complaints are not being answered by the research team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You want to get information or provide input about this research. 
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Why is this research being done? 
With the current paradigm shift in mathematics education, the need for understanding 
relationships among teacher beliefs, pedagogical approaches and student outcomes is undeniable. 
The theoretical significance of this study stems from the need for carefully conceptualized and 
operationalized measures to improve instructional practice and inform educational policy (Jang, 
2010). The study will help to bridge the gap in the current research base by improving our 
current understanding of teachers' beliefs regarding mathematical practices, its influence on 
pedagogical approaches and the significance of mathematical practices when considering 
students' mathematical content understanding. 

Further, the purpose of this research is to explore teachers' beliefs and how they influence 
classroom instruction. More specifically, this study is meant to add to the field of mathematics 
education by exploring if teacher beliefs influence how mathematical practices are used during 
classroom instruction. 

How long will the research last? 
I expect that you will be in this research study for approximately two and a half months . 

How many people will be studied? 
I expect about 4 teachers and one class of students per participating teacher will be included in 
this research study. 

What happens if I say yes, I want to be in this research? 
Below is a time-line description ofthe procedures that will be performed. 

First week of April 1. Recruit and gain consent of participants. 
2. Provide participants with questionnaire # 1. 

Second week of April 3. Touch base with each participant to identify if they are chosen 
for the study and decide the best time for the principal 
investigator to come speak with students to inform them and 
gain consent. 

Second week of April 4. Principal investigator visits classroom to recruit student 
participants. 

Third week of April 5. Pre-observation meeting 
6. Observation #1 
7. Post-observation 

Fourth week of April 8. Questionnaire #2 

First week of May 9. Interview # 1 

Second week of May 10. Pre-observation meeting 
11 . Observation #2 
12. Post-observation 

Third week of May 13 . Interview #2 
14. Questionnaire #3 

Fourth week of May 15 . Pre-observation meeting 

186 



TEACHER AND STUDENT DISCOURSE 

16. Observation #3 
17. Post-observation 

First week of June 18. Interview #3 
19. Debrief 

What are my responsibilities if I take part in this research? 
Ifyou take part in this research, you will be responsible to : 

• Complete three questionnaires 

• Participate in three interviews 

• Meet with the principal investigator for pre- and post-observation meetings (5 minutes 
each). 

What happens if I do not want to be in this research? 
Your participation in this research study is voluntary. You may choose not to enroll in this study. 

What happens if I say yes, but I change my mind later? 
You can leave the research at any time it will not be held against you. Ifyou decide to leave the 
research, contact the investigator so that the investigator can properly disregard any data that you 
have provided. 

Is there any way being in this study could be bad for me? 
There is the risk that someone might recognize your face on the videotape, in the event that those 
tapes, or any part of the tapes, are shown at an educational conference or in an educational 
journal. Any significant new findings developed during the course of this research that uncover 
new risks, which may affect student willingness to continue participation, will be provided to 
you in writing. Otherwise, there are no other known risks and/or discomforts associated with this 
study. 

Will being in this study help me in any way? 
We cannot promise any benefits to you or others from your taking part in this research. However, 
the expected benefits associated with your participation are the information about the experience 
and understanding of classroom instruction and students' mathematical behaviors and the 
opportunity to participate in a qualitative research study. Additionally, the knowledge gained 
through this study may allow for the development of more effective programs to assist future 
educators in mathematics. 
What happens to the information collected for the research? 
Efforts will be made to limit the use and disclosure of your personal information, including 
research study and medical or education records, to people who have a need to review this 
information. I cannot promise complete secrecy. Organizations that may inspect and copy your 
information include the IRB and other representatives of this organization. 
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Can I be removed from the research without my OK? 
The principal investigator of the study can remove you from the research study without your 
approval. Possible reasons for removal include scheduling conflicts. 

What else do I need to know? 
You will not be paid for participating in this study. 

OBSERVATION 

I give consent for the researcher to take field-notes from the observation and to use them for 
research purposes only. 
Please initial: __Yes __No 
I give consent for the researcher to video record observations and to use them for research 
purposes only. 
Please initial: __Yes No 

INTERVIEW 

I give consent for the researcher to conduct interviews with me. 
Please initial: Yes No 

I give consent for the researcher to video record the interview and to transcribe it into a written 
form and use for ensuring accuracy of the conversation. 
Please initial: __Yes No 

Signature Block for Capable Adult 

Your signature documents your permission to take part in this research. By signing this form 
you are not waiving any of your legal rights, including the right to seek compensation for 
injury related to negligence or misconduct of those involved in the research. 

Signature of subject Date 

Printed name of subject 

Signature of person obtaining consent Date 

Printed name of person obtaining consent 
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APPENDIX C: Student Consent Form 

T...:i.. University at Buffalo 
~ TTieState U11iversityo[New York 

University at Buffalo Institutional Review Board (UBIRB) 

Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 

UB Federalwide Assurance ID#: FWA00008824 

Title of research study: A Study of Mathematics Teachers ' Beliefs and Mathematical 
Practices 

Version Date: December 24, 2016 

Investigator: Kristi Martin 

Why am I being invited to take part in a research study? 
You are being invited to take part in a research study because you are a high school mathematics 
student. 

What should I know about a research study? 
• Someone will explain this research study to you. 

• Whether or not you take part is up to you and your parent. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you. 
• You can ask all the questions you want before you decide. 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, talk to the 
research team at 716-604-6309 or email krm33@buffalo.edu. You may also contact the research 
participant advocate at 716-888-4845 or researchadvocate@buffalo.edu. 

This research has been reviewed and approved by an Institutional Review Board ("IRB"). You 
may talk to them at (716) 888-4888 or email ub-irb@buffalo.edu 

if: 
• You have questions about your rights as a participant in this research 
• Your questions, concerns, or complaints are not being answered by the research team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You want to get information or provide input about this research. 
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Why is this research being done? 
With the current paradigm shift in mathematics education, the need for understanding 
relationships among teacher beliefs, pedagogical approaches and student outcomes is undeniable. 
The theoretical significance of this study stems from the need for carefully conceptualized and 
operationalized measures to improve instructional practice and inform educational policy (Jang, 
2010). The study will help to bridge the gap in the current research base by improving our 
current understanding of teachers ' beliefs regarding mathematical practices, its influence on 
pedagogical approaches and the significance of mathematical practices when considering 
students ' mathematical content understanding. 

Further, the purpose of this research is to explore teachers ' beliefs and how they influence 
classroom instruction. More specifically, this study is meant to add to the field of mathematics 
education by exploring if teacher beliefs influence how mathematical practices are used during 
classroom instruction. 

How long will the research last? 
I expect that you will be in this research study for approximately two and a half months . 

How many people will be studied? 
I expect about 4 teachers and one class of students per participating teacher will be included in 
this research study. 

What happens if I say yes, my child wants to be in this research? 
Your class may be video-recorded from a stationary camera during three observations between 
April and May. Further, your completed work from observations will be collected, copied and 
returned within 24 hours of the observation. Finally, your completed summative assessment for 
the unit will be collected, copied and returned before being graded. 

What happens if I do not want my child to be in this research? 
Your participation in this research study is voluntary. You may choose not to enroll in this study. 

What happens if I say yes, but I change my mind later? 
You can leave the research at any time it will not be held against you. If you decide to leave the 
research, contact the investigator so that the investigator can properly disregard any data that you 
have provided. 

Is there any way being in this study could be bad for me? 
There is the risk that someone might recognize your face on the videotape, in the event that those 
tapes, or any part of the tapes, are shown at an educational conference or in an educational 
journal. Any significant new findings developed during the course of this research that uncover 
new risks, which may affect student willingness to continue participation, will be provided to 
you in writing. Otherwise, there are no other known risks and/or discomforts associated with this 
study. 
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Will being in this study help me in any way? 
We cannot promise any benefits to you or others from your taking part in this research. However, 
the expected benefits associated with your participation are the information about the experience 
and understanding of classroom instruction and students' mathematical behaviors and the 
opportunity to participate in a qualitative research study. Additionally, the knowledge gained 
through this study may allow for the development of more effective programs to assist future 
educators in mathematics. 
What happens to the information collected for the research? 
Efforts will be made to limit the use and disclosure of your personal information, including 
research study and medical or education records, to people who have a need to review this 
information. I cannot promise complete secrecy. Organizations that may inspect and copy your 
information include the IRB and other representatives of this organization. 

Can I be removed from the research without my OK? 
The principal investigator of the study can remove you from the research study without your 
approval. 

What else do I need to know? 
You will not be paid for participating in this study. 

Signature Block for Assent of Child 

Your signature documents your permission to take part in this research. By signing this form 
you are not waiving any of your legal rights, including the right to seek compensation for 
injury related to negligence or misconduct of those involved in the research. 

Signature of subject Date 

Printed name of subject 

I certify that the nature and purpose, the potential benefits and possible risks associated with 
participation in this research study have been explained to the above individual and that any 
questions about this information have been answered. A copy of this document will be given 
to the subject. 

Signature of person obtaining consent Date 

Printed name of person obtaining consent 
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APPENDIX D: Parental Consent Form 

T...:i.. University at Buffalo 
~ TTieState U11iversityo[New York 

University at Buffalo Institutional Review Board (UBIRB) 

Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 

UB Federalwide Assurance ID#: FWA00008824 

Title of research study: A Study of Mathematics Teachers' Beliefs and Mathematical 
Practices 

Version Date: December 24, 2016 

Investigator: Kristi Martin 

Why am I being invited to take part in a research study? 
Your child is being invited to take part in a research study because he/she is a high school 
mathematics student. 

What should I know about a research study? 
• Someone will explain this research study to your child. 
• Whether or not you take part is up to you and your child. 
• Your child can choose not to take part. 
• You and/or your child can agree to take part and later change your mind. 
• Your decision will not be held against you or your child. 
• You can ask all the questions you want before you decide. 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, talk to the 
research team at 716-604-6309 or email krm33@buffalo.edu. You may also contact the research 
participant advocate at 716-888-4845 or researchadvocate@buffalo.edu. 

This research has been reviewed and approved by an Institutional Review Board ("IRB"). You 
may talk to them at (716) 888-4888 or email ub-irb@buffalo.edu 

if: 
• You have questions about your child's rights as a participant in this research 
• Your questions, concerns, or complaints are not being answered by the research team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You want to get information or provide input about this research. 
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Why is this research being done? 
With the current paradigm shift in mathematics education, the need for understanding 
relationships among teacher beliefs, pedagogical approaches and student outcomes is undeniable. 
The theoretical significance of this study stems from the need for carefully conceptualized and 
operationalized measures to improve instructional practice and inform educational policy (Jang, 
2010). The study will help to bridge the gap in the current research base by improving our 
current understanding of teachers' beliefs regarding mathematical practices, its influence on 
pedagogical approaches and the significance of mathematical practices when considering 
students' mathematical content understanding. 

Further, the purpose ofthis research is to explore teachers' beliefs and how they influence 
classroom instruction. More specifically, this study is meant to add to the field ofmathematics 
education by exploring if teacher beliefs influence how mathematical practices are used during 
classroom instruction. 

How long will the research last? 
I expect that your child will be in this research study for approximately two and a half months . 

How many people will be studied? 
I expect about 4 teachers and one class of students per participating teacher will be included in 
this research study. 

What happens if I say yes, my child wants to be in this research? 
Your child's class may be video-recorded from a stationary camera during three observations 
between April and May. Further, his/her completed work from observations will be collected, 
copied and returned within 24 hours of the observation. Finally, his/her completed summative 
assessment for the unit will be collected, copied and returned before being graded. 

What happens if I do not want my child to be in this research? 
Your child's participation in this research study is voluntary. You may choose not to enroll your 
child in this study. 

What happens if I say yes, but I change my mind later? 
Your child can leave the research at any time it will not be held against him/her. If your child 
decides to leave the research, contact the investigator so that the investigator can properly 
disregard any data that he/she has provided. 

Is there any way being in this study could be bad for me? 
There is the risk that someone might recognize your child's face on the videotape, in the event 
that those tapes, or any part of the tapes, are shown at an educational conference or in an 
educational journal. Any significant new findings developed during the course of this research 
that uncover new risks, which may affect student willingness to continue participation, will be 
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provided to you in writing. Otherwise, there are no other known risks and/or discomforts 
associated with this study. 

Will being in this study help me in any way? 
We cannot promise any benefits to your child or others from your taking part in this research. 
However, the expected benefits associated with your participation are the information about the 
experience and understanding of classroom instruction and students ' mathematical behaviors and 
the opportunity to participate in a qualitative research study. Additionally, the knowledge gained 
through this study may allow for the development of more effective programs to assist future 
educators in mathematics. 
What happens to the information collected for the research? 
Efforts will be made to limit the use and disclosure of your child's personal information, 
including research study and medical or education records, to people who have a need to review 
this information. I cannot promise complete secrecy. Organizations that may inspect and copy 
your information include the IRB and other representatives of this organization. 

Can I be removed from the research without my OK? 
The principal investigator of the study can remove your child from the research study without 
your approval. 

What else do I need to know? 
Your child will not be paid for participating in this study. 
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Signature Block for Parental Permission 
Your signature documents your permission for the named child to take part in 
this research. By signing this form you are not waiving any of your legal rights, 
including the right to seek compensation for injury related to negligence or 
misconduct of those involved in the research. 

Printed name of child 

Signature of parent or individual legally Date 
authorized to consent to the child's general 

medical care 
□ Parent 

------------------ □ Individual legally 
Printed name of parent or individual legally authorized to consent 
authorized to consent to the child's general to the child, s general 

medical care medical care (See note 
below) 

Note: Investigators are to ensure that individuals who are not parents can demonstrate their 
legal authority to consent to the child' s general medical care. Contact legal counsel if any 
questions arise. 

□ Child is birth-6 yrs. old - Assent is not required 
C U, -
(l) 

u, 
Q) □ Child is 7-17 yrs. old - A separate Assent Document is to be signed by the child 

"' (.) 

<("'0 
~ □ Assent will be obtained Verbally a.. 
□ Assent has been waived by the IRB 

I certify that the nature and purpose, the potential benefits and possible risks associated with 
participation in this research study have been explained to the above individual and that any 
questions about this information have been answered. A copy of this document will be given 
to the subject. 

Signature of person obtaining consent Date 

Printed name of person obtaining consent 
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APPENDIX E: Recruiting Questionnaire 

Dear high school mathematics teachers, 

The purpose of this questionnaire is to determine scheduling needs, understand previous teaching 
experiences along with your beliefs regarding teaching strategies. Therefore, there are three 
sections to this questionnaire: 

Section 1: Current teaching schedule along with scheduling information 

Section 2: Demographic information with respect to previous experience 

None of the data will be shared with your administrator, or used for the purpose of evaluating 
you, or passing judgment on your opinions. Your individual privacy will be maintained in all 
written or published data resulting from the study. 

Ifyou would like more information about this research, please feel free to contact me at (716) 
604-6309 or krm33@buffalo.edu. Ifyou have questions about your rights as a study participant, 
you may contact the University at Buffalo ' s research participant advocate at (716) 645 - 4888 or 
ub-irb@buff alo. edu. 

This questionnaire will take 20-30 minutes to complete. Please contact me when you have 
completed the questionnaire so I can pick it up from you. This questionnaire needs to be 
completed before the end of the first week of April. Thank you very much! 

Sincerely, 

Kristi Martin 
Principal Investigator 
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Recruiting Questionnaire - Participant #: _____ 

Section 1 - Please fill in the following table to indicate your current teaching schedule in addition to answering 
the two scheduling questions below the table. 

Period Course title Grade level 

1 

2 

3 

4 

5 

6 

What class period( s) do you think best represents the mathematical practices? 

What times are most convenient for you to meet for interviews (each should take no longer than one hour)? 

Day Before School between Afternoon between Evening between 
Monday 

& & & 

Tuesday 
& & & 

Wednesday 
& & & 

Thursday 
& & & 

Friday 
& & & 

Saturday 
& & & 

Sunday 
& & & 
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Section 2 - Please circle all appropriate answers for each ofthe following. 

A. Grade level( s) of current teaching assignment: 

9 11 12 

B. Courses of current teaching assignment: 

1) Algebra 2) Geometry 3) Algebra 2 4) Pre-Calculus 5) Calculus 

C. Years of professional teaching experience that will be completed by the end of this school year: 

1) 1 to 2 years 2) 3 to 5 years 3) 6 to 10 years 4) 11 to 15 years 5) more than 15 years 

D. Years of professional teaching experience (by the end of this school year) that you have taught mathematics : 

1) 1 to 2 years 2) 3 to 5 years 3) 6 to 10 years 4) 11 to 15 years 5) more than 15 years 

E. Highest level of education completed: 

1) Bachelor's degree 2) Masters degree 3) Sixth year 4 )Doctorate 5) other 

If other, please specify: 

F. Gender: 

1) female 2) male 
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APPENDIX F: Quick Guide to Discourse and Vocabulary Codes 

Code 
T-S 
T-G 

S-T 
S-S 
S-G 

IND 

Code 
I 

N-I 

Code 
A 
s 

E 
Q 
C 
R 
p 

J 
G 
IR 

Code 
u 

PU 
ED 
D 

Discourse Codes 

MODES 
Definition 

Teacher to Student 
Teacher to Group or 
Class 
Student to Teacher 
Student to Student 
Student to Group or 
Class 
Individual Reflection 

I/NI 
Definition 

Interactive 
Non-Interactive 

(S) TYPE 
Definition 

Answering 
Making a Statement or 
Sharing 
Explaining 
Questioning 
Challenging 
Relating 
Predicting or 
Conjecturing 
Justifying 
Generalizing 
Individual Reflecting 

(T)LEVEL 
Definition 

Univocal 
Partial Univocal 
Emerging Dialogical 
Dialogical 

Vocabulary Codes 

CATEGORY 
Code Definition 
TECH Technical 
SUB Sub-technical 
GEN General 
SYM Symbolic 

(T) RESPONSE 
Code Definition 

PI Passively Ignores 
AI Actively Ignores 

ADD Addresses 
F Addresses Family 

Words 
M Misleads/Incorrect 
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APPENDIX G: Classroom Observation Discourse & Vocabulary Form 
Classroom Observation Discourse Form: Evidence of Mathematical Discourse and Vocabulary 

Episode Type 

§' 
"' -s §~ 

Q.) ~ 0.. ~ 
C/l ;:::: > 

.~ 0 :-a~ 
...:I ~ 0 ..s 

"O 
C 

"1l 
-----.... V)Q.)'- s 
.f:l(./) --E- Transcrip_t 

V) 

C 
'
Q.) 

tl 
o:l 

0.. 

Discourse Codes 

Q.) 

~ 
~ f-; 
0 ~ 

,-..; En':::s -__, 

oJ 
~ 

...:I 
p
-__, 

Vocabulary Codes 

Word/Phrase 

c 
0 
01) 

~ u 

Q.) 
C/l
C 
0 
[;;, 

~ 
E 
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