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ABSTRACT

HOW DISCOURSE STRUCTURES NORMS:
A TALE OF TWO MIDDLE SCHOOL MATHEMATICS CLASSROOMS

By

Beth A. Herbel-Eisenmann

My experiences as a student and a teacher of mathematics have led me to pursue
the topic of this dissertation—discourse patterns and norms in two “reform-oriented™
mathematics classrooms. The two 8" grade classrooms that form the focus of this
dissertation were using the Connected Mathematics Project. an NSF-funded curriculum
project. I was intrigued by the teachers and their teaching because I noticed the students
seemed to have similar understandings. but each classroom felt different to me as a
participant-observer.

These classrooms offered a context that allowed me to study differences in the
context of similarity. The teachers had many attributes in common (detailed in Chapter
5): similar academic backgrounds and professional development activities, same
certification, same school. same curriculum and similar enthusiasm for it, same
heterogeneous group of students. similar student-understandings. etc. However. the
teaching in the two classrooms was different. Drawing from the sociolinguistics and
mathematics education literatures. I describe the social and sociomathematical norms of
the two classrooms in terms of the classroom discourse which they were embedded in and
carried by. I also interpret student understandings whenever possible throughout the

thesis, taking a social constructivist perspective.
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In the year prior to commencing my dissertation study (1997-1998). I completed
classroom observations and student interviews as part of my practicum work and research
assistantship. These were used to form preliminary hypothesis about student
understandings and the classroom environment. The data used for this dissertation was
collected over the next two years (1998-2000). During the first. I observed and audio- and
video-taped students on a weekly basis. In addition. students were interviewed about their
algebraic understandings and their classroom experience. The second vear. one ot the
classrooms was observed to trace the formation of the norms in the classroom. The
teachers took part in four extensive interviews. in which they were asked about
influencing experiences related to their teaching and the norms in their classroom (in
terms of the expectations, rights and roles of themselves and their students). They were
also asked to react to transcripts and video from their classroom. offering their
perspective about their intention in their language patterns and teaching.

The ideas I investigate in this dissertation include how social and
sociomathematical norms are embedded in and carried by the classroom discourse in each
classroom (Chapters 6 and 7). I also discuss aspects in the teachers’ professional lives
that influenced the ways they think about and work to establish and maintain the norms in
their classrooms (Chapter 5). In Chapter 8. | look across the two classrooms to offer what
I see as being similar and different. which has allowed me to locate differences in: the
overall structure of teacher talk, the positioning of the teacher with respect to the locus of
authority, the way each teacher draws from potential other knowledge sources in the
classroom (i.e. students and the textbook). and the way each teacher draws attention to

the common knowledge constructed in the classroom.



Dedicated to my husband. Joe. and our son. Kaleb.

for all their support, love and patience during this process.

v



LA e
PN

2T Dor, AU

-

N i'é'-w,;

N

A BRI
sl alla o

e
IR
“




ACKNOWLEDGEMENTS

Many people have enabled and assisted my work for this dissertation. 1 am indebted to

them all and thank them for all their time. encouragement. words ot wisdom. etc.

This dissertation was supported in part by a Spencer Research Training Grant and
the Connected Mathematics Project.

I would like to thank my dissertation committee. David Pimm. Cheryvl Rosaen.
Jenny Denyer. Glenda Lappan. and Jack Smith for their encouragement. guidance.
expertise and time. Each offered insight and advice in his'her arca of expertise
during the data collection, analysis. and writing process. | would like to thank
each of them for working through drafts of various chapters. As myv advisor and
chair of the thesis, David Pimm allowed me to work through multiple
interpretations of my data and offered direction through a sociolinguistic
perspective. He provided detailed guidance throughout the analysis, writing and
editing process. His knowledge and insights have been truly helpful and
inspiring! Cheryl Rosaen provided guidance in developing thoughtful and rich
teacher interview protocols and offered never-ending support in my thinking and
writing process. She and Jenny Denyer asked thought-provoking questions that
pushed my thinking about both the interpretation and the writing process. I thank
them both for the detailed feedback they gave on the case studies. Jenny is also
the person who introduced me to and encouraged my interest in discourse
analysis, giving me a lens with which to view classrooms that | had not had prior

to taking her course. As an author of the CMP curriculum and someone who



. RN
s:--s\x-ol» LTI
N Y

NI

sr e

e
RIRSITLOANN

|
i

Lnn (;",';v JA

PN

femitm,,
PTG




knew the teachers personally. Glenda Lappan offered insightful feedback on the
teacher interview protocols, the case studies (related to my interpretations of the
teaching) and the details I gave about the mathematical content. Jack Smith has
supported my work since | have arrived at MSU. taking the time to discuss my
ideas and offering feedback whenever I have requested it. He has especially
pushed my thinking with respect to the content and analysis of my data. 1 greatly
appreciate the time my committee members have spent to read. meet and ofter
feedback on this thesis.

Discussions with colleagues were essential in my writing of this thesis.
Conversations with Jo Lesser, Brian Yusko, Joan Hughes. Shari Levine-Rose.
Cindy Carver. Ruth Berry and others involved in the Spencer RTG program
helped me to articulate my ideas and make sense of my data. They also otfered
suggestions about readings that they thought might be helptul and took time to
discuss my work whenever I needed. David Labaree’s insights into what my
research could contribute to the field of education were especially helpful. I am
indebted to all of these people for their time. support and assurance.

I am deeply thankful to the teachers and students who welcomed me into their
classrooms and allowed me to video- and audio- tape them at any time. They
were flexible and open to talking with me whenever I requested and took part in
open and candid discussions about mathematics and what it was like to be a
teacher and student in these classrooms. I would also like to thank Elizabeth
Phillips and Jack Smith for introducing me to the teachers who were the focus of

this dissertation.

vi






[ thank my husband, Joe, for enduring my sleepless nights and stressed out days
with endless support, encouragement, love and guidance.

I thank my son, Kaleb, for making me smile and giving me lighthearted reprieve
from my work. His never-ending curiosity inspires me!

I thank my parents and family for the many ways they have oftfered their support
and for always telling me that [ could do anything I wanted to do.

Kathy Lessard has offered much support throughout my program and writing.
She has been a great resource, friend and source of advice about a myriad of

things. I thank her for the many things she has done for me!!

Vil



N

I
DINTIIN

o 1 Introductior

, .
o
WD

o .
e
Nl

Qater: Overarchin
R Concenns

feion -
LA A

3 Carnving ()

e

Sk -

Sz

Dote oy
ET™ lu.,-_\'_\ :"

RUN Introg

Ut




TABLE OF CONTENTS

List of Tables
List of Figures
List of Symbols for Transcription

Chapter 1: Introduction
Background
Some Layers of Context
Upcoming Chapters

Chapter 2: Overarching Framework
Key Concepts and Terms Defined
Link to My Study

Chapter 3: Carrying Out My Study
The Inquiry
Guiding Questions
Site Descriptions
Data Collected
Data Analysis Procedures
Summary

Chapter 4: Analysis of Thinking with Mathematical Models
Style of Writing
Construction of Reasoning
Summary

Chapter 5: Introduction to the Teachers
Background
General Beliefs about Teaching and Teaching Mathematics
Summary

Chapter 6: Karla’s Case
Focus Class Periods
The Case
Discourse Forms and Functions
From Forms to Norms

Chapter 7: Josh’s Case

Focus Class Periods
The Case

Vil

—_ 00 QO —
N

50 rt s
128 O

L) L) W
o W \C W 4= b

du = Lo Lo

W U
N0 b9 —

t

66
66
69
77

81
81
84
85
142

149
149
151



Quoter§: Cross-Case ‘I

S\
O

T

Oaer¥: Conclusion

e Y e
SR




Discourse Forms and Functions
From Forms to Norms

Chapter 8: Cross-Case Study
Comparing Norms
Fine-Grained Discourse Analysis
What Difference Might These Differences Make?
Conclusions

Chapter 9: Conclusion/Summary
Research Questions
Implications
Limitations of This Study and Suggestions for Future Research

X

153
221

226
226
229
254
269

271
272
278
282



el ek O

A
EOLINSNO S

ed e N
wd e S

Tlﬁt‘ :’*\ oY




LIST OF TABLES

Table 1: Some Key Dimensions of Differences between traditional Algebra |
and 8" grade CMP

Table 2: Six Aspects on Which One May Focus Classroom Inquiry
Table 3: Number of Student Participants in Each Classroom by Semester
Table 4: Frequency of Questions and Imperatives by Section of the Text
Table 5: Forms of “You" in the Text

Table 6: Five Types of Reformulators

Table 7: Josh’s Questions: Forms and Functions

Table 8: Josh's and Karla’s Norms

Table 9: Common Functions Using Different Surtace Forms

Table 10: Karla's Control of the Common Knowledge



¢ 1 cem g Y
farel Lozmonloe

Pared Lenomon!os

Pare} oo




LIST OF FIGURES

Figure 1: Length of Josh's and Karla's Turns
Figure 2: Length of Josh's Students™ vs. Karla's Students™ Turns

Figure 3: Understanding vs. Judging

X1

19
N
(%)






Mark:
[inaudible]

[the slope]
[writing]

so/

so//

[3-second pause]
So

So

So-

LIST OF TRANSCRIPTION SYMBOLS

Karla’'s turns

Josh’s turns

the code-name of the speaker

indecipherable speech

transcriber’s situational elucidations or comment
description of non-linguistic communication

/ indicates a one-second pause

// indicates a two-second pause

indicates the length of pauses over two seconds
indicate word or words stressed by the speaker
(bold) highlighted by the transcriber tor the attention of the reader

(-) indicates utterance interrupted or not completed
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CHAPTER 1: INTRODUCTION

In this dissertation, I explore the mathematical culture of two 8" grade classrooms
both using the Connected Mathematics Project (CMP). I examine the social and
sociomathematical norms that each teacher established in his’her classroom. More
specifically, I describe discourse patterns in both teacher talk and textbook writing (i.e.
talk and representation in general and as associated with the mathematical register) and
the norms that have been established between the teachers and students. I chose teacher
talk and textbook writing because they are the main language forms of the expert
“voices” students hear and see in a classroom. I undertook this study in order to examine
my sense of difference between two “reform-oriented™ classrooms which on the surface
were rather similar (similar academic backgrounds. same certification. same school. same
curriculum and similar enthusiasm for it. same heterogeneous group of students. similar
professional development activities, similar student understandings).

In many discussions that have ensued since the release of the NCTM Srandards
and curricula that resulted from this push for new forms of teaching and learning. the
debate has focused on traditional ideas vs. reform-oriented ones. However. little attention
has been given to the diversity among and within just one of these paradigms (i.e. reform-
oriented ones). Since the reforms are still fairly new, many teachers who have developed
a reform-oriented stance are still working to implement such practice in their classrooms.
Also, as with any text, interpretations of what it means to implement such teaching is
ambiguous because the reforms are underdetermined (Ball. 1997). Therefore, taking a

closer look at the differences and similarities in two such “reform-oriented™ classrooms
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could prove useful, adding some shades of gray to the larger spectrum referred to as
“reform-oriented.”

My study offers to informed teachers, teacher educators. and curriculum
developers an account of different teacher routes to a possibly similar end. enriching
perspectives on the actual diversity of what monolithically might be called an “NCTM-
reform classroom.” In particular. my study explores the effects of variation in discourse
patterns (e.g. pronoun usage, voice, encoding of authority. mix of technical and non-
technical mathematical language) on classroom interactions and student understanding.

Background

I grew up in a family where mathematics was valued—my father taught algebra
and geometry in the high school I attended and [ had him for both of those classes. The
clearest memory I have of my 9" grade algebra class consists of me watching my father
write a series of definitions and properties on the board while I hurried to copy them into
my notebook. He then explained what we were to do with those properties and how we
were supposed to solve the problems. I had learned how to “do school™ well and I did
exactly as | was told to do--I manipulated the symbols in the manner he had described
and I got the right answer most of the time.

It was that year that I was first invited to participate on the "math team.”™ As a
participant on this math team, I attended competitions in which we took individual exams
and then worked in small groups on application problems. I always did tairly well on the
individual exams—all I had to do was manipulate symbols. However. I rarely contributed
anything to the small group portion of the exam because I really had no idea how to solve

that type of problem. No one seemed to notice, anyway.
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The rest of my high school experience was really more of what I just described—
the teacher told me what process to follow and I did. I rarely asked questions and never
questioned the process I was being shown to solve the problems. I was considered one of
the top five mathematics students in my school and attended the math competition every
year. However, the group exams still eluded me. Even though | got the correct answer on
the problems that focused on symbol manipulation. I was perplexed by those word
problems!

My senior year, I met with the school counselor to discuss where | wanted to
continue my education and in what I was going to major. He knew that [ was good at
math and since I was very people-oriented, we talked about my going into teaching. One
of the best teacher preparation programs in the state had a recruiter visit my high school
the next week. I spoke with him and he told me about a scholarship for which [ could
apply because I had a rather high ACT score. I applied for and received it. The decision
was made—I would attend this small university and become a high school math teacher.

I took the math placement exam and found that I could begin calculus my first
quarter. I knew that I wanted to teach high school and decided to take trigonometry
because 1 had not had an entire course that focused on this. In addition. my older sister
(whom I thought was much smarter than I) had started out in calculus her first year and
found it to be quite a struggle. I did very well in trigonometry—again. it was substituting
and manipulating things to find an answer and I could definitely do that!

Calculus went well until the last quarter. I had gotten through the others by
cramming for over a dozen hours prior to an exam. I could recognize a “type’ of problem

and recall the process | was supposed to use to solve it. In my last quarter of calculus. the
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manipulation got more complex and I did not know exactly what to do. I still earned a B
in the class, but really did not see the big picture. I “did school™ well. though. and
graduated Summa Cum Laude.

One could say my “apprenticeship™ in teaching had been an effective one for |
began my career teaching the way | had been taught. I spent the majority of my time
talking while students listened and took notes. I thought breaking the problems into
enough “steps” would appease students and help them succeed. I even recall handing out
sheets of paper with all of the “steps™ for each type of problem listed for students to refer
to when studying for an exam. My students really were not very successful or motivated
to copy the methods I was prescribing. However. I did not know what else to do.

Spring of that year [ was encouraged by my undergraduate advisor to attend the
national NCTM conference in New Orleans. I did and was more than impressed with the
activities and experiences about which I heard other teachers talk. 7his was the kind of
activity that I knew, deep down, my students needed to experience—challenging
mathematical tasks that students could work on and discuss in small groups and then we
could talk about as a class. I returned to my classroom with some great ideas and when |
implemented them, I found I now had an additional complexity to attend to in my
classroom—my students were actually talking to me!

However. | was not sure what to do to direct that discussion in a mathematically
powerful way. Once the students began to talk. it was hard to keep them on task and I
found myself falling back into a more didactic format—it was easier and I was in control.

I implemented some alternative activities, but kept the conversation fairly controlled.
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When | left teaching middle school to get my master’s degree at Northern Arizona
University, | began teaching content courses to pre-service teachers. I found that these
budding professionals had many problems talking about the mathematics: explaining
their thinking. articulating their understanding. making connections and identifying the
“big” ideas in the content. I began to incorporate more discussions about “why™ and
*how™ and to talk about my own struggles with these as a teacher. I also gave writing
assignments and essay exams. planned more group work. etc. to get students to articulate
their thinking. I really enjoyed working with pre-service teachers and decided that this
was what | wanted to do with my life.

This decision took me to Michigan State University. My first semester. I co-
taught the methods course for math and language arts for pre-service elementary teachers.
One of the projects in which we had our students engage consisted of a hypermedia
investigation of Deborah Ball’s 3 grade mathematics class. The hypermedia lab
consisted of a “virtual classroom,” i.e. videotape of all the math lessons taught, access to
student and teacher journals, transcripts, and student work. This virtual classroom was set
up to engage pre-service teachers in thinking about alternative ways to teach
mathematics. One of the purposes of our course project was to show students how
important the language arts were for getting students to articulate their mathematical
ideas. We discussed the NCTM discourse standards and had students pose questions
about the discourse in Ball’s classroom. They then worked in small groups to find
evidence for answering their question in the classroom videotape, teacher’s journal.
student journals, etc. This classroom activity became the budding seed for my current

dissertation work, because it was my first glimpse of a teacher orchestrating powerful
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mathematical discussion. It also gave me a taste of how empowering this type of
discussion could be for students. I had never imagined third grade students could explore
and talk about mathematical ideas in the ways that the children in this classroom were. It
was thrilling to me as a teacher and as a researcher.

During the next two and a half years, I worked in two 8" grade mathematics
classrooms as a graduate student researcher for the Connected Mathematics Project
(CMP). The teachers with whom I worked were experienced CMP teachers who had
piloted the curriculum. I have to admit I was quite taken aback by what I observed in
their classrooms. Students were engaged in the types of problems with which 1 had
struggled while participating in the math team in junior high and high school and this
made up the majority of their experience.

Another unusual emphasis that appeared in these classrooms was that they
actually spent time talking about the graphs and tables. something that had been virtually
ignored in my experience as a student. Students were also talking to the teacher and to
one another. I found myself wishing that I could have had their experience when | was a
student as [ made some mathematical connections [ had not been aware of before my
observations. For example, I finally saw the connection between the slope of a linear
equation and the change in the y-values (when the x-values increase by one) in the table.
I had only been taught to look across the table (from the x to the y column) and notice the
relationship between the two variables. 1 had not noticed that down the table there was an
additive rate that was constant which happened to be the slope of the line! [ remember
thinking, “This is really cool! I wish I had learned mathematics like this before I had

begun to teach!™
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The work I originally did in these classrooms was associated with student-
understandings of algebraic functions (for an instance of this work see Herbel-
Eisenmann, Smith, & Star, 1999). In fact, all of the work I did in the first year was solely
about the students. However, being a teacher myself. I could not help but notice the
teaching in the two classrooms. Intuitively, I felt there was a difference in the teachers
and the teaching in the two classrooms. but [ could not identify exactly what might be
contributing to that sense of difference. While I started out investigating student
understanding, | found myself thinking more and more about the teaching. At one point
in my data collection, it became clear that I needed to choose between these two foci
because only one could be pursued for my dissertation. I had come to a fork in the road.

A choice was made—my true interest lay in understanding more about the
teaching in the two classrooms. My questions evolved to focus on the norms and how
they were related to the discourse patterns in the classroom. While I originally intended
to focus both on the students and the teachers in the classroom. this became impossible
because one of the teachers took an administrative position the year I would have
collected the additional data I needed. This change required me to make significant
changes in my intended study. I would have liked to have looked for evidence of eftects
of being in the different classrooms. Unfortunately, this was not possible.

My emerging analysis shaped the questions that I intended to pursue further.
While highlighting the mathematics that took place in the discussions. I am not able to
make claims about student understandings as I had originally intended. Instead. my
dissertation focuses solely on the norms and how those were embedded and carried in the

classroom discourse. This, in turn. led me to pursue issues of teacher positioning and
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authority. By focusing on the forms and functions of talk in the two focus classrooms. |
offer a closer look at two “reform-oriented™ classrooms.

Some Layers of Context

The National Context: Reforming Mathematics Teaching and Learning

The National Research Council (NRC) (1989) and the National Council of
Teachers of Mathematics (NCTM) (1989, 1991) have recently defined new goals for
mathematics education'. The authors of the Standards (1989. 1991) proposed a vision of
students studying much of the same mathematics as what was generally being taught. but
with a quite different emphasis. They defined mathematical literacy as students doing the
following: learning to value mathematics. becoming confident in one’s own ability.
becoming a mathematical problem solver, learning to communicate mathematically. and
learning to reason mathematically. The Srandards define “knowing™ mathematics as
“doing” mathematics. They also envision mathematics as problem solving.
communicating, reasoning. and connecting.

With this backdrop regarding the NCTM reform, it is important to highlight the
stance regarding communication this document takes because it is quite different from
what is currently the norm in mathematics classrooms. The NCTM reform movement
advocated sense making and conceptual understanding by using the tools of language,
representation. etc. Discourse was seen as a way for students to make sense of
mathematics; communication was viewed as being a large part of mathematics.

More specifically, discourse was defined by NCTM (1991) as “ways of
representing, thinking. talking, agreeing, and disagreeing” (p. 34). The authors of this
document also pointed out that inherent in the discourse of a classroom are related issues

of what it means to “do” and “know” mathematics, as well as issues about power and
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authority. In many mathematics classrooms. the text and teacher are typically viewed as
the authority. However, this document encouraged reasoning and evidence as the basis
for what counted as legitimate mathematical activity, drawing the locus of authority away
from the teacher and the text. The teacher’s role was described as that of a facilitator. one
who initiated and orchestrated student discourse to foster student learning. In doing so.
the teacher should:

e pose questions and tasks that elicit. engage. and challenge cach student’s
thinking;

e listen carefully to students” ideas:
e ask students to clarify and justify their ideas orally and in writing:

e decide what to pursue in depth from among the ideas that students bring up
during a discussion;

o decide when to provide information. when to clarify an issue. when to model.
when to lead, and when to let a student struggle with a difficulty:

e monitor students’ participation in discussions and decide when and how to
encourage each student to participate (p. 35).

The Curricular Context: The Connected Mathematics Project

In an attempt to make the Standards more concrete. the National Science
Foundation (NSF) announced funding for the development of reform-oriented
curriculum. NSF wanted curriculum to be developed that embodied the ideas explicated
in the Standards document. The Connected Mathematics Project (CMP) (Lappan. Fey,
Fitzgerald, Friel, & Phillips, 1998b) was one such curriculum to receive funding and was

the one used in the two classrooms that were the focus of this dissertation.
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Broadly speaking. the CMP curriculum is a middle school problem-centered
curriculum where almost every problem occurs in a “real life™ context. The
mathematical goals of CMP can be summarized in the following statement:

All students should be able to reason and communicate proficiently in

mathematics. This includes knowledge and skill in the use of vocabulary, forms of

representation, materials, tools, techniques. and intellectual methods of the
discipline of mathematics including the ability to define and solve problems with
reason, insight, inventiveness and technical proficiency (philosophy statement.

CMP, revised 1997).

CMP is organized into units centering on big mathematical ideas. Students
develop understanding and reasoning by exploring a set of problems that embody these
ideas. Extensive problem sets are included throughout each unit that help students
practice, apply, and extend their understanding and reasoning. Periodic reflections help
students make connections among a set of “*big™ mathematical ideas and applications.
contained within a given unit. For example. in the algebra strand students are introduced
to linear, quadratic and exponential relationships in three representations: tabular,
graphical. and symbolic.

In the spirit of the reform (and in addition to the multi-representational approach).
a characteristic feature of this curriculum is that it takes a functions approach to the
teaching and learning of algebra instead of a more traditional symbolic-manipulation
approach. Students are asked to define. observe, model. analyze. etc. variables and make
predictions about the data in terms of input/output and in relationship to how one variable
depends on another.

The CMP curriculum places a notable emphasis on fostering discourse in its

training sessions and in its pedagogical model. In the “Introduction to CMP™ workshop.

one of the main pedagogical strategies that is advocated is fostering discourse to pull the

10
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mathematics out of the classroom discussion. The pedagogical model introduced is a

G

“launch,” “explore,” “summarize” format that utilizes many prompts for teachers to
encourage their students to talk in the classroom. For example. teachers are cued to spur
student discussion about mathematical topics (e.g. “Why are there differences among
your predictions?” (Lappan et al.. 1997a. p. 14b) “How did you determine the length of

the race? Why is that length reasonable?” (Lappan et al.. 1997a. p. 34i).

Reform-Oriented Algebra Context: Why It Warrants Study

To illustrate how CMP is different from a more traditional version of algebra, 1
would like to discuss briefly the goals defined in the teacher’s guide for one CMP unit.
Say it with Symbols’ (Lappan et al., 1998a) with respect to the discourse it may foster.
The goals for students are listed as such:

1. Review and strengthen their understanding of the conventional order of operation
rules in the context of practical problems;

2. Evaluate expressions by applying the rules of order of operations:

3. Write symbolic sentences that communicate their reasoning;

4. Develop tools for manipulating symbolic expressions in ways that are both
connected to and independent from tabular, graphical, and contextualized
reasoning;

5. Recognize applications of the distributive and commutative properties:

6. Recognize and interpret equivalent expressions:

7. Explain the reasoning underlying the solution of linear equations;

8. To make sense of symbolic expressions involving addition. subtraction.
multiplication, division, and exponents;

9. To judge the equivalency of two or more expressions by examining the
underlying reasoning and the related tables and graphs:

10. Apply the properties for manipulating expressions to solving linear equations;

11
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11. Solve simple quadratic equations with some sense of basic factoring and
“undoing” techniques (p. 1g. boldface added).

Some of the expectations and the nature of the discourse associated with this
curriculum are highlighted when focusing on the boldfaced words and phrases. These
expectations could lead to a very different discourse in comparison with a discourse
associated with a more conventional curriculum. For example. increased attention to
student explication and justification encourages students to discuss, write, read and listen
to one another in the same manner as traditional communication encourages students to
listen to the teacher. There is also a decreased emphasis on memorization and
manipulation and more emphasis on identifying. interpreting. exploring. reasoning, etc.

More generally, there are at least six dimensions that are different in the two types
of classrooms (CMP vs. a more traditional curriculum) (Star. Herbel-Eisenmann &
Smith, 1999), as outlined in Table 1. It is obvious from the table that the discourse in the
two types of classrooms could be very different from one another.

More specifically (and related to my previous work). one difference in the
discourse of these 8" grade CMP classrooms appeared in the ways students talk about
mathematical ideas. In my traditional experience, I was taught that slope was defined as
the ratio of the horizontal change with the vertical change. i.e. rise/run. However. in these
classrooms students knew and articulated the concept of slope in multiple ways: (1)
constant rates. (2) “the number attached to the x™ in an equation. (3) “"the slantiness™ of
the line in a graph, (4) “what it goes up by™ ("it” refers to the change in the y-valuesin a
table), etc. The ways “of talking, acting. interacting. valuing. and believing. as well as the
spaces and material “props” the group uses to carry out its social practices™ (Gee. 1992,

p. 107) are different from more conventional classrooms. [ argue that the discourses
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associated with the two classrooms that are the focus of this dissertation are different
from a more conventional classroom and warrant closer investigation. And. as [ show.
these two “reform-oriented” classrooms were also diftferent from one another.

Table 1
Some Key Dimensions of Differences between traditional Algebra | and 8th grade CMP

Algebra ] 8th grade CMP

The fundamental objects in the curriculum

Equations & symbolic expressions Functional relationships represented
in tables. graphs. and equations

Typical problems in the curriculum

“Solve,” “factor,” “multiply,” symbolic Verbal statements with tables. graphs. or
expressions or verbal statements with request symbolic expressions with request to find
to find a numerical value (word problems) values and describe. explain. predict. etc.

Typical solution methods

Complete the correct steps in symbolic Relate verbal statements to tables. graphs.
procedures in the correct order or equations: Compute or manipulate that
representation: Interpret the results

verbally

The role of pructice

Significant practice on particular problem Similarities between problems are less
types (in class and homework) salient: extended work on fewer, more
open problems (in class and homework)

The role for technology for representing and calculating

Used in balance with pencil & paper Supports students” work on most all
computation. which is more highly valued problems

Elements in a ty pical lesson

Review homework, present new content, More variation across lessons: Some mix
provide time for work on next assignment of teacher presentation. small group work.
and whole group discussion

When I began my observations in these two “reform-oriented™ classrooms. 1 did
not have a language to articulate the differences I felt between them. After my first year
and a half in the classrooms, I enrolled in an introductory discourse analysis class. After

engaging in many of the readings for this class, I felt that this was the lens through which
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I could view these two classrooms and actually account for the differences I felt. In a
sense, that body of literature gave me a “voice™ with which to describe what I was
feeling. In the next chapter (and in some of the subsequent ones). [ discuss many of the
terms and concepts that I have acquired through the literature.

Upcoming Chapters

[ begin this exploration of mathematical norms and discourse patterns by sharing
the overarching framework that guided my thinking throughout my analyvsis (Chapter 2).

[ then describe the study by articulating the questions that guided it. the data I collected.
and my process of analysis (Chapter 3). In Chapter 4. 1 offer a more detailed analysis of
the CMP unit that was the focus of the classroom discourse in the two classrooms.
Thinking with Mathematical Models, because it appeared to interact with the each
teacher’s talk in different ways. In Chapter 5. I introduce the teachers who are the subject
of the two case studies included in Chapter 6 and 7. [ lay out their backgrounds.
philosophy of teaching in general and about teaching mathematics. highlighting the
similarities and differences between the two teachers.

Each case study (Chapter 6 and 7) focuses on describing and illustrating the three
main discourse patterns in the talk each teacher used. For instance. Karla’s predominant
talk patterns were “metacomments”; Josh mainly utilized series of questions. Because
each pattern was pervasive in the teacher talk. I claim there were certain norms associated
with them. These norms are discussed in the second section of each chapter. The two
case studies are then compared and contrasted in Chapter 8. showing how the talk
patterns (while using different surface forms) served the same broad purpose. However. |

contend that these different surface forms may have implications for the way each teacher
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positioned him/herself with respect to the external mathematical authority and his‘her
epistemological stance.

Chapter 9 revisits the research questions and summarizes the main findings of the
study. I also offer limitations and implications of this work. The value of this study is
explored, focusing on professional development of experienced teachers and then

outlining a master’s level course that focuses on discourse in mathematics classrooms.

"I | want to acknowledge that there is a newer version of the NCTM Stundards that were released in the
year 2000. However, since the teachers/teaching that form(s) the focus of this dissertation were operating
under the earlier Standards, these are the ones to which | will refer and draw on throughout my dissertation.
*“Real Life" is being used for problems based on real experiences that may not be directly related to the
students every day experience. See Boaler (1997) for a discussion of some of the difficulties with this
notion.

* I chose this unit because it is one that would be considered as close to traditional algebra as any unit in the
CMP curriculum. If differences appeared in this unit. one could assume the differences to be even greater in
the units that were less symbol-dependent. Also. this unit was one of the two units that were video- and

audio-taped in the two classrooms.
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CHAPTER 2: OVERARCHING FRAMEWORK

My initial introduction to discourse analysis gave me a way to account for
differences I felt in two “reform-oriented™ mathematics classrooms. I began to understand
the role of language in the classroom and how it differed from language in society in
general. For example, in Cazden’s (1988) Classroom Discourse. 1 first read about the
pervasive Initiate-Respond-Evaluate (I-R-E) structure that exists in many classrooms.
This book also introduced me to the relationship between language and authority
structures and led me to read other literature related to this issue. Cazden cited many
significant pieces of literature that became important to my articulation of the differences
I felt in the two classrooms. Many of these (and others) will appear throughout this
dissertation'. In this chapter, I introduce some of the readings that I have adopted from
sociolinguistics and others from mathematics education.

Key Concepts and Terms Defined

Discourse Analysis

Discourse analysis is an ambiguous term. Typically it involves:
[...] naturally occurring connected spoken or written discourse {....] refers to
attempts to study the organization of language above the sentence or above the
clause, and therefore to study larger linguistic units. such as conversational
exchanges or written texts. It follows that discourse analysis is also concerned
with language in use in social contexts. and in particular with interaction or
dialogue between speakers (Stubbs. 1983).
Schiffrin (1994) recently compared many of the different approaches to discourse
analysis, including speech act theory, interactional sociolinguistics, ethnography of
communication, pragmatics, conversational analysis and variation analysis. The roots of

these traditions come from disciplines such as philosophy. sociology. and anthropology.

Although Schiffrin’s main goal was to differentiate these approaches. she also argued that
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[Although] these approaches originated in different disciplines (and are relevant
to broader topics within each discipline), they all attempt to answer some of the
same questions: How do we organize language into units that are larger than
sentences? How do we use language to convey information about the world.
ourselves and our social relationships? (p. viii)
And she concludes that “all the approaches to discourse view language as social
interaction, and all are compatible with a functionalist rather than a formalist paradigm™
(p- 415). The functionalist paradigm: (1) views language as primarily a societal
phenomenon, (2) explains linguistic universals as deriving from the universality of the
uses to which language is put in human society. (3) explains children’s acquisition of
language in terms of the development of the child’s communicative needs and abilities in
society. and (4) studies language in relation to its social function (pp. 21-22).

I have drawn on a number of different accounts. For example. in Chapter 7.1 use
the Theory of Politeness to interpret Josh’s use of tag-forms. In Chapter 6. | use the idea
of indirect speech acts’ to address the illocutionary force of hedged statements that Karla
and her students make.

In making inferences about the norms that are carried and embedded in the
discourse, I draw from ethnography of communication. Similar to Mishler’ (1972). 1
“show how different [...] norms are carried in the language used. primarily in the
structure of the teachers’ statements and in the type of interchange developed between
them and the children” (p. 267). Ethnography of communication focuses on “the social
functions of particular forms of language used in specific contexts™ (p. 268). This

form/function empbhasis is carried throughout the case studies and the cross-case account.

By attending to these, I have argued that different forms serving similar purposes may
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have contributed to differences in positioning with respect to teacher authority and ways
in which the teachers drew on other knowledge sources (i.e. the textbook and students).

Social and Sociomathematical Norms

Two types of norms are the focus of this dissertation—social norms and
sociomathematical norms (Yackel & Cobb, 1996). Social norms are general and not
subject specific: for example, they may be related to how students are expected to use
equipment in the classroom (in this case. maybe how they are expected to use graphing
calculators), how students are expected to work in groups. or how students are supposed
to explain or justify their thinking. Sociomathematical norms are more content specific:
they are related to ways of functioning mathematically that are recognized and accepted
by the larger mathematical community. For example. what counts as “mathematically
different. mathematically sophisticated. mathematically efficient. and mathematically
elegant” (Yackel & Cobb, 1996. p. 461) would be considered to fall under this definition.
One may construct an argument in any domain. but understanding what counts as an
acceptable mathematical argument is a sociomathematical norm.

In some sense, the norms in the classroom are invisible. They do not surface
explicitly and tend to show up when there is a breach of the norm that has been
established either on the part of the teacher or the students (Cobb, Yackel. & Wood.
1993). These norms can be identified by analyzing the evolving patterns and regularities
that occur in classroom social interactions (Cobb et al., 1993).

My study has pursued many of the same ideas as Cobb. Wood. and Yackel's
work; however, there are also differences. Some of these include: age level of the
students (their work focuses on primary grades. mine on upper middle school). content

(their focus is on operations and place value. mine is on algebra). level of intervention on
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the part of the researcher (their setting was an intentional teaching experiment. my role
was that of participant-observer). and existence of a printed curriculum (they helped in
developing lessons suitable for the classroom’s context, the classrooms in my study have
adopted a pre-existing reform-oriented curriculum). My study extended their work to a
very different context from the one they studied.

Another difference between Wood et al.’s work and my study included the range
of focus for the analysis. They pursued making sense of six aspects of the classroom (E.
Yackel, personal communication, August 28, 1999) as shown in Table 2. My study used
similar themes, but focused only on the portions of the table that are in bold print: the

social norms. sociomathematical norms. and student’s individual mathematical

conceptions.
Table 2

Six Aspects on Which One May Focus Classroom Inquiry

Sociological Psychological
Social norms Individual beliefs
Sociomathematical norms Individual beliefs about mathematics
Taken-as-shared classroom mathematical Student’s individual mathematical
practices conceptions

In attending to these three aspects. my main focus has been on the social and
sociomathematical norms as they are embedded in and carried by the classroom
discourse. Student’s individual mathematical conceptions are addressed. but are

secondary in nature to the norms in the classroom.
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Common Knowledge

In the process of writing this dissertation, it became clear to me that some of the
ideas presented in Edwards and Mercer’s (1987) Common Knowledge were key to my
analysis and interpretation. In this book, Edwards and Mercer investigated discourse in
elementary classrooms and focused primarily on science. In the upcoming case studies.
this idea of “common knowledge™ is very important because many of the discourse
patterns each teacher used were related to the way such common knowledge was
established, defined and then continually woven through the class sessions (which I show
in the two case studies presented). More importantly (and similar to Edwards and
Mercer’s findings) many of these discourse patterns were also related to the ways in
which the common knowledge was being controlled in each classroom, although the
teacher’s choices’ differed in the way in which they controlled that knowledge. 1
explicate. in detail, Edwards and Mercer’s main ideas that are related to my analvses and
interpretation. These are “common knowledge™ and “control of common knowledge.”

Common Knowledge, Context and Continuity

Edwards and Mercer are concerned with the ways in which knowledge is
“presented, received. shared. controlled. negotiated. understood and misunderstood [...]
and what that knowledge means to people and in how and to what extent it becomes part
of their common knowledge, their joint understanding™ (p. 1). An overarching belief that
they have is that all education is fundamentally about the evolvement of some mutual
understanding. some interdependence of positions.

They discuss how this is related to shared knowledge. something that
differentiates humans from other animals. We are the only species that can share

knowledge by representing it outside of the context in which it was generated. People

20



P R R
AN O N

ety A e

SO LW N

e mt e,

Al evaad, oY
LR
s dallUTN o

IR W
Ve ST

2 e
. 14 e e
RN O

MO

Thhog .
¢ V4




tend to discuss, exchange views. negotiate beliefs and understandings. Discourse is part
of the process of establishing shared understanding which influences future discourse.
Some of the elements involved in this include: “otfering new information. reference to
existing past experience, requests for information. and texts or “checks” on the validity of’
interpretations of information offered™ (p. 6). Edwards and Mercer claim that using these
elements allow people to construct (through discourse) a continuous experience greater
than any individual occurrence.

The authors claim to be concerned more with content than form—in “what people
say to each other, what they talk about, what words they use. what understandings they
convey. and with the problematics of how these understandings are established and built
upon as the discourse proceeds” (p. 10). In this way. they interpret people’s meanings
rather than just coding the forms of their language”. In fact. they are quite critical of
attending only to form because of its limitations (e.g. "it was devised to reveal linguistic
structures, not educational or cognitive processes” (p. 10)). In my analvsis. I am using
some of the tools of discourse analysis of which they are critical. However. in going back
toward the form and function of the language. I am not ignoring meaning. I am working
in the same spirit as Edwards and Mercer. but am extending their analysis to attend
closely to form and function and through these (along with my knowledge of these
teachers, students and classrooms®). I interpret the meaning of the classroom talk.

They claim that attention to content. meaning and context is important to
examining how common knowledge is established. Also important is the notion of “given
and new information” (p. 11)-the ways in which the information offered by the speaker is

taken as known by the hearer (“given™). or else is presumed to be unknown to the hearer
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(“‘new”). “Given” and “new” information are not phenomena that are merely located in
discourse, they are devices available for use in the construction of common knowledge
and are related to intentions speakers may have in saying what they do.

A related idea (to “given” and “new™ information) is that of context. They define
context as “everything that the participants in a conversation know and understand, over
and above that which is explicit in what they say, that contributes to how they make sense
of what is said” (p. 63). The unfolding of context through time they call “continuity.”
Kindred to Mead's ‘emergent present’. it is summarized by Griffin and Mehan (1981) as
“that which is going on in the present inexorably becomes the past. informing and
reforming the present, while future events inform the sense of the present™ (p. 190).

According to Edwards and Mercer. two types of context are pertinent to the form
and content of any discourse: linguistic and non-linguistic contexts. “The linguistic
context is the speech or text that precedes and follows any given utterance. while the non-
linguistic context includes the time and place. the social occasion. the persons involved.
their behaviour and gestures, and so on” (pp. 63-64). All dialogue is dependent upon its
context for its meaning, and context is not physical but mental.

Essential to the link between discourse and knowledge is the idea that context is
not physical, but is in the mind of the participants. From an outsider’s view. context is
usually actual and definable; for the participants, it is more a matter of interpretation and
recollection—"what they think has been said. what they think was meant, what they
perceive to be relevant” (p. 66). What matters is what the participants in the

communication understand and see as relevant. They describe education to be the
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establishment of shared mental contexts (joint understandings) between teacher and
children which allow them to interact in educational discourse together successtully.

One of the purposes of classroom communication [...] is to further the knowledge

and understanding of children about topics which. however implicitly stated and

ill defined. constitute the curriculum. For this to occur at all. a child and teacher

must mutually establish a universe of discourse. For children. this amounts to

more than learning how to take part in linguistic rituals (p. 49).

They are making a distinction between students merely saying what is required of them
(learning what should be said when) and actually understanding what they are saying. For
example, when a teacher asks the same question twice. the respondent may give a
different answer the second time not because she has changed her mind. but because she
has learned that being asked the same question twice indicates the answer she gave was
an incorrect one (Cazden, 1988 Edwards & Mercer. 1987).

Not only did Edwards and Mercer find that the teachers used lessons to create the
contexts of talk and experience (which predominated over any talk of events from the
“real” world), but they also found that students appeared to operate with this ground rule-
- “if the teacher asks a question related to work done in class. then the answer is to be
found in what the lesson has actually covered™ (p. 75). Reterences made to out-ot-school
activity were typically dismissed or not taken up by the teacher. unless they happened to
be something that she believed to be part of all of her student’s out-of-school experience.

What are some ways that teachers establish and define common knowledge? One
way is by talking through the process: that is. by using words to define the meaning in the
activity. When a teacher demonstrates something. she often talks her way through the

activity. This talk seems to have at least three functions: (1) to direct and hold the pupils’

attention to activity and to align the joint attention of the group to particular pieces of the
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activity; (2) to highlight the important aspects of the activity—to point to what pupils
ought to be noticing and remembering; (3) to provide a common vocabulary for the
actions needed to communicate the joint understandings to each other (pp. 79-80). What
begins as a concrete physical context of joint activity later serves as a “shared mental
context of experience and understanding” (p. 80). Since the teacher and students worked
through the activity together. and have conceived how to talk about that activity. they can
now begin to exchange understandings with words alone. “The joint activity and
discourse of the past became a shared mental context for the present”™ (p. 80).

Continuity (i.e. the growth of shared contexts through time) was a feature to
which the teachers themselves made explicit mention in interviews. However. these
references actually played out in implicit ways in the classroom. They found that lessons
typically began in such a way that teachers introduced students to the work to be done.
and made continuity links with what had previously taken place. For example. we have
all heard teachers ask. “Do you remember when...?" In asking such questions. the
teacher is referring-back to bring ideas forward and connect them to up-coming activity.

Forming continuity is not unproblematic: difficultics sometimes arise with regard
to the understanding established in lessons. Metacognitive and metadiscursive comments
tend to occur at moments when students “seemed not to have grasped some significant
principle, procedure, or instruction that had been dealt with previously™ (p. 84). In the
asymmetry of teacher-pupil conversations, these mismatches are important to the learning
process. Edwards and Mercer contend that they occur in Vygotsky's “zone of proximal

v, G

development’: “at precisely the points at which common knowledge is being created.
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And it is the adult who takes the leading role in drawing attention to them. talking about
them, establishing knowledge which is both common and communicable™ (p. 84).
The notions of “‘zone of proximal development™ and “scaffolding™ have two ideas
which are important to the analysis of context and continuity.
First, they embody the important principle that much of the acquisition of culture,
including both formal and informal education. takes place in the context of
guidance by some person, whether parent, teacher or more competent peer. It is a
process of guided discovery, in which an individual’s competence begins as his or
her part in a social transaction. Joint activity and shared conceptions carried by
language are major constituents. Second. there is the notion of internalization, in
which the natural end-product of the learning process is a competent individual

who has become able to perform alone. or in new contexts. activities and
conceptualizations which could earlier be achieved only with the teacher’s help

(p. 86).

This latter idea is connected to Bruner's (1983) idea of a "handover’ process: that
is, the handing over of knowledge and proficiency of an adult ultimately to a child. This
idea of handover deserves more comment. In Bruner's inquiry into toddlers” learning of
games (including “language games™), he described the process as one in which an adult
set up a game and scaffolded it to ensure the child’s inappropriate actions’words could be
corrected by intervention. The adult removed the scaffold piece-by-picece as the child's
reciprocal actions began to stand on their own. Bruner related this process to handing
over both knowledge and actions through modeling. scatfolding and monitoring the child.

This term that they have adopted is filled with unhelpful resonances in suggesting
a simple transmission model of learning. In Jean Lave's words. "Handover is yet another
euphemism for transmission -- same old. same old in my book™ (personal
communication. August, 24, 2000). This metaphor frames knowledge as a physical object
and as if it can be given from one to another. Even though I do not agree with a

transmission model of learning, the fact of the matter is that teachers want students to
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learn something and in doing so, they have to give up control in terms of who is
responsible as the active agent in classroom activity. I do not like the connotations of this
term and will not use it in making claims about what is happening in my classrooms.

Although Edwards and Mercer claim all of the teachers in their study appeared to
operate with something like handover in their teaching. none of them talked about it in
their interviews. The teachers did sometimes tell students in their class that they would be
expected to do some of the things that they themselves were doing. However. the authors
claim that none of the lessons showed the handover process as being a complete success.
They cite the teacher’s continuing to perform the activities themselves or offering
students easier versions of the defined task as evidence that handover did not really take
place—that in the end, the students were not performing the activities without the help of
the teacher. The students “remained dependent on the teacher to set the agenda. detine the
tasks and criteria for success, furnish the significant concepts, and generally control the
learning process” (p. 91). It is in this asymmetry of power and knowledge that Edwards
and Mercer find the problems in achieving handover of competence in school.

In summary, common knowledge is constructed through joint activity and
discourse and becomes the contextual basis for future communication. Context is the
common knowledge of the speakers called up by the discourse. It is problematic because
ideas of each other's mental context may be only partially right. or may be completely
incorrect. Similarly, continuity may be problematic since it is characteristic of context: it
is context as it develops through time in the process of joint talk and action. Teachers
have the task of "scaffolding’ children into the universe of educational discourse. This is

accomplished by creating, through joint action and talk with the child. a contextual
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backdrop for educational activities. One of the main purposes ot education. according to
Edwards and Mercer, is thereby to develop a common knowledge.

Control of Common Knowledge

The creation of joint understandings “takes place in the context of a power
relationship between teacher and pupils, with the teacher representing and providing for
the pupils an accepted wider culture of educational ideology. knowledge and practice™ (p.
17). The teacher is in a role which allows her to control the discourse. to determine what
is relevant to talk about, and to act as mediator of valid knowledge. Edwards and Mercer
contend that students seem to accept this to be the teacher’s role. also. The fact that
classrooms operate on the assumption of common knowledge and values provides a
“powerful means of encouraging pupils to adopt them without question™ (p. 75).

They delineate, more specifically, classroom communication based on the extent
to which the teacher controls the “nature, content and coding of knowledge™ (p. 130). The

~ . . 7
features of classroom discourse they include :

1. Elicitation (and non-elicitation) of pupils’ contributions.

Even though students sometimes offered impromptu contributions. they were still
not devoid of teacher control—*“the teacher set the agenda. defined the topic of
discussion, and established in advance the criteria of relevance and appropriateness of
any contributions the pupils might offer” (p. 131). “Spontaneous” contributions were ones
in which students offered information that had not been previously taught without being
called on by the teacher. Most contributions, however. fell into the “elicited” category and
followed the familiar initiate-respond-feedback (I-R-F) format®. In this structure. student

contributions were constrained by the teacher’s questions which:
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function[ed] as discursive devices through which the teacher is able to keep a
continual check on pupils’ understandings. to ensure that various concepts.
information or terms of reference are jointly understood. so that subsequent
discourse may be predicated on a developing continuity and context of
intersubjectivity [...they] also function[ed] in defining and controlling what that
knowledge and understanding will be (p. 132).

2. Significant markers, e.2. special enunciation, formulaic phrases. ignoring pupils’
contributions,

Joint-knowledge markers. e¢.2. simultaneous speech. ‘roval’ plurals. repeated discourse
]
formats ,

o

Teachers sometimes use discursive devices to note the importance of what is
being said. These devices include such things as special enunciation. the use of formulaic
phrases, shifts in intonation. etc. Some of these seemed to function as highlighting
important information (marking less important information as “asides’). marking
questions (as in use of rising intonation) or confirmation of answers (falling intonation).
and denoting boundaries of pedagogic significance (changes in rate and loudness of
speech). In one example given, the important curriculum-oriented content was stressed
with careful. clear enunciation, while ‘asides’ were marked by a drop in volume and a
sudden increase in the rate of speech (p. 137).

Formulaic phrases acted as noteworthy guidelines through which certain
observations and conclusions were given distinction. were repeated. and were instituted
as expressions of understanding. Typically, they arose during teacher-pupil dialogue
(sometimes offered by students) and were taken up and encouraged by the teacher as
correct and appropriate. The pedagogic function these seemed to serve was as “jointly
understood encapsulations of the significant empirical findings that the pupils have been
guided to discover” (p. 141). These phrases embody the essential equivalence of the

results derived from classroom activity and marked the status of certain understandings as
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“common knowledge.” These were marked often by their repeated use together with
other devices, e.g. simultaneous speech, the teacher’s use of “we™ (implving joint
understanding or no difference between the teacher’s version and those of the students).

Another overt marker of common knowledge was speech in unison: a
rehearsal of common understanding was performed through simultaneous enunciation of
common language. People gave voice to the same words or meanings (not just speaking
at the same time, as in overlapping speech). This typically occurred “at exactly those
points where important issues of joint understanding were at stake: where the teacher was
at pains to ensure[...] that her own interpretations [...] should prevail (pp. 140-141).

4. Cued elicitation of pupils’ contributions.

This was characterized by I-R-E types of discourse in which the teacher
offered heavy clues to the students about the information that was required. It may be
accomplished by the wording of a question. but was often achieved in some other way—
“intonation, pausing, gestures or physical demonstrations™ (p. 142). The “best
interpretation™ Edwards and Mercer offer for the pedagogical function of cued elicitation
is that it “embodies an educational process in which the pupils are neither being drawn
out of themselves [....] nor being taught directly in the ‘transmission” sense™ (p. 143).
Instead, it appeared that students were inculcated into what became a shared discourse
with the teacher. Students were actively cued to “create™ the shared knowledge. instead
of sitting and listening to the teacher talk. In this way. it seemed to fit nicely into the
process defined by Vygotsky's zone of proximal development. “in which pupils’
knowledge is aided and scaffolded by the teacher’s questions. clues and prompts to
achieve additional insight that pupils by themselves seemed incapable of " (p. 143). This

10,

seemed to constitute a solution to the "teacher’s dilemma . Edwards and Mercer point
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out that the danger of cued elicitation is that “it can give a false impression of the extent
to which pupils understand, and are ultimately responsible for. what they are saving and

doing” (p. 143), which in turn can lead to procedural, ritual understandings.

S. Paraphrastic interpretations of pupils’ contributions,

6. Reconstructive recaps. and

7. Implicit and presupposed knowledge (p. 131).

These three discursive devices were described as ways the teacher maintained
tight control over the content of the common knowledge. When paraphrasing what
students said and later recapping events, the teacher was able to redefine things as
“altogether, neater, nicer, and closer to the lesson plan™ (p. 146). Similarly, assuming
certain things as “known” or “understood™ allowed the teacher to hinder disagreement
and direct the discourse and interpretation in the way most productive to the goals of the
lesson. These reconstructive paraphrases played another function in the *feedback" stage
of the I-R-E sequence; “they provide an opportunity for the teacher not only to confirm
what the pupils say, but to recast it in a more acceptable form, more explicit perhaps, or
simply couched in a preferred terminology ™ (pp. 146-147).

What really matters during activity is the interpretation of what is
being done; the words that define and declare the experience and the principles that are
summarized in the words are clearly important to interpreting events. Typically teachers
do this through reconstructive recapping. When providing those words. the teacher
sometimes eliminates some and chooses others from the common vocabulary, managing
the discursive process in which certain descriptions and versions of events are given as

the foundation of joint understanding.






By imposing her own way of interpreting activity. the teacher may use
implication and presupposition in powerfully persuasive ways. By presuming a particular
version as correct, by not offering it as open to scrutiny. she was able to direct student
thinking. The use of presuppositional implication in educational contexts:

[...] serves to introduce certain items of knowledge and assumption as things to

be accepted without question. as understood but not on the agenda for discussion

or disagreement, and, in a more general sense, is therefore available to the teacher

as an instrument of control over what is known and understood (p. 152).

A general finding that Edwards and Mercer were surprised by the extent to which
the teachers controlled the common knowledge in the classroom. These teachers appeared
to be progressive and facilitative on the surface. However. on closer examination, the
extent of teacher control became more apparent—"the freedom of pupils to introduce
their own ideas was largely illusory; the teacher retained strict control over what was said
and done, what decisions were reached. and what interpretations were put upon
experience” (p. 156).

These categories are used to argue that the teacher’s control over how knowledge
is expressed often created as *procedural” rather than “principled'' student
understandings--

[students] frequently remain embedded in rituals and procedures. having failed to

grasp the overall purpose of what they have done [...] saying and doing what

seems to be required, rather than working out a principled understanding of how

and why certain actions, expressions and procedures are appropriate or correct (p.

130).

They believe that this contributes to the ineffectiveness of education; that there is

no final handover of knowledge and control to the students.
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Link to My Study

The literature I have presented here will appear throughout many of the chapters.
“Common knowledge” is a notion that is prevalent in the upcoming textual analysis and
in the case studies. In addition, each teacher controlled the common knowledge in the two
classrooms. These methods of control are identified throughout the examples in the two
case studies, using Edwards and Mercer’s terminology. In the case studies. I also make
claims about the norms that are carried by and embedded in the teacher-talk. I use social
and sociomathematical norms to distinguish with whom or what each norm is associated:
the teacher/teaching, the students or the mathematical content. I present these ideas at the
outset because they are so pervasive. Other literature and tools/concepts of discourse

analysis will be included at relevant points in the chapters that follow.

i | only make reference to a few main ideas in this chapter. Many other relevant concepts and references
will be introduced and defined throughout my dissertation in an attempt to make the text more continuous
and coherent for the reader.

2 This is defined as “‘cases in which one illocutionary act is performed by way of performing another
(Searle, 1975, p. 60).

3 Mishler focused on first grade classrooms and not only made claims about norms carried in the language.
but also about cognitive strategies that were valued.

* Although the word “choice™ implies an explicit level of consciousness. | am not suggesting that the
teachers were always aware of the decisions they were making. In fact. in the interviews it was quite
apparent that neither teacher was aware of the repeated language patterns | brought to their attention when |
asked them about particular examples from the classroom transcripts.

3 Edwards and Mercer recognize that some people consider this a less rigorous and objective way of
attending to discourse: however. they contend that it is imperative to answering the questions they are
pursuing.

6 I would like to remind the reader that | have spent 2.5 vears working with the teachers in these classrooms
and prior to this analysis spent 3-5 days every week in the classrooms with the students (for the entire
school year).

” The magnitude of teacher control increases as one descends the list, although Edwards and Mercer state
that the list is not comprehensive and precludes an exact notion of hierarchy or order.

8 This is essentially the same as the initiate-respond-evaluate (I-R-E) sequence to which Cazden (1987)
refers. 1 will use I-R-E throughout this document to refer to this sequence and will not distinguish between
the feedback as being an evaluation or not.






? Following Edwards and Mercer’s format, | will treat the above two categories together in my explanation;
this will also be the case with the last three (paraphrastic interpretations. reconstructive recaps. and implicit
and presupposed knowledge).

'Y Edwards and Mercer define this as the students needing to generate their own understandings of things
that have been predetermined by the teacher or curriculum—specific activities that were planned at the
outset.

"' Edwards and Mercer point out that common knowledge can be problematic if students are engaging in
ritual knowledge. They define ritual knowledge as “a particular sort of procedural knowledge. knowing
how to do something” (p. 97). They make a distinction between ritual and principled know ledge. while
claiming that each has its place. For example, it would be grossly inefficient to always return to first
principles in solving problems. Ritual knowledge produces fast answers. lending itself as a great aid to
memory. Principled knowledge is “‘essentially explanatory, oriented towards an understanding of how
procedures and processes work, of why certain conclusions are valid. rather than being arbitrary things to
say because they seem to please the teacher” (p. 97). Performance becomes ritual when the conditions of
knowing what is appropriate or when one method might be appropriate over another aren’t met and there is
no principled understanding to fall back on. I have thought about the common knowledge in these
classrooms in terms of it being ritual vs. principled. It seems to me that both of these forms of knowing are
valued and are part of the classroom discourse, but the data that I have collected does not illuminate which
is prominent in terms of the teacher’s goals for each lesson (as Edwards and Mercer used teacher interviews
to determine some of the goals of each lesson and used this to clarify which form of knowledge was being
focused on). They also used the classroom discussion to generate further examples ot goals and student
interviews to make claims about student understandings. | do have much of this data and will argue in
Chapter 8 that there are differences in how students in each classroom engage with mathematical content:
however, a more detailed analysis of student understandings are part of my research agenda and will not be
addressed in this dissertation.

w
w
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CHAPTER 3: CARRYING OUT MY STUDY
The Inquiry

In this chapter. I describe my study by attending not only to the context of the
study, but also to the data collection and analysis procedures. The process I detail allowed
me to investigate differences I felt in two “reform-oriented™ classrooms. My interest in
this study has developed as a result of my own experiences as a student and teacher of
mathematics. I am fascinated by the new genre of curriculum that focuses on
mathematics in context because these problems eluded me as a student of mathematics. 1
am also intrigued by the ways in which this tyvpe of curriculum may be taught.

Through detailed discourse analysis. I have explicitly identitied the norms that
were embedded in and carried by the discourse in two classrooms by locating the three
most prominent discourse patterns and using these to define some of the classroom norms
in terms of the rights, roles, responsibilities and expectations that seemed to be attached
to these reoccurring patterns. By describing them. I have been able to locate similarities
in functions for different surface forms in the two classrooms. These differences point to
variance in locus of authority, teacher positioning (with respect to the students in the
classroom), and ways in which each teacher draws from knowledge sources (i.e. the
textbook and students) in each classroom.

Guiding Questions
The questions that guided this study include:
A. What are the most prominent discourse patterns in each classroom?
e What are some of the social and sociomathematical norms embedded in and

carried by them?
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e What are some of the things that influence the way the teachers think about
and the way they work to establish and maintain their social norms and
sociomathematical norms in their classrooms?

B. What are some of the similarities and differences across the two classrooms?

In addition to these questions, I constantly attend to the sense the students seem to
make of the mathematics in the interpretation of the classroom transcripts. While 1 had
intended to make that a focal point of the dissertation. a change occurred that directed my
attention more toward the teachers and the teaching. This change included one of the
teachers taking an administrative position beginning the vear | had intended to investigate
some preliminary findings from my early work in these classrooms. These changes will
be described in more detail later in this chapter.

Site Description

The Local Context: The Town. District. and School

This study takes place in a rural town, Payson. that is located near a large
university in the midwest. The population of the town is approximately 4000 people. The
majority of the population is middle class (but not affluent) and white.

The school district consists of three elementary schools that feed into one middle
school in Payson. The students at the middle school all attend the same high school. The
district enrollment is 2,516 students. 400 of which attend this school. The ethnic
breakdown of the school district includes 97.79% White, 1.63% Hispanic. 0.17 % each
Black, Asian/Pacific Islander, and Other, and 0.07% American Indian/Eskimo/Aleutian.
The district is also listed at 9.91% students in poverty.

In 1991 this school was chosen as one of the first sites (out of 35 districts/schools)

to pilot the CMP materials as they were being authored. Throughout the process of






editing the materials. the teachers used the units in the classroom and oftered feedback to
the authors about changes they suggested. Because of this involvement. the teachers who
teach in this building are not only very experienced with the curriculum, but they are also
very supportive of it and the approach to learning mathematics it embodies.

Inside the School: Classrooms, Teachers'. and Students

Two of the teachers involved in piloting the CMP materials were involved in this
study, Josh and Karla. Both taught 8" grade mathematics for the past two vears: Josh was
part of piloting the 8" grade units and taught them for the past six vears. Between the two
teachers, they encompassed the entire 8"" grade student population. one for which there
was no tracked mathematics classes. In addition. each teacher had a partial teaching
assignment at the 7" grade level—in math for Josh and in science for Karla.

One of each teacher’s classes was the focus of this study: Josh's first hour class
and Karla’s second hour. These classrooms were chosen because Josh and Karla felt that
they were fairly representative of the 8" grade class as a whole. Also. Josh and Karla
shared a preparation period during their third hour, which sometimes allowed the three of
us to discuss scheduling (i.e. when observations. interviews. etc. would take place) and to
carry on casual conversations about classroom episodes and the students in the class.

The scheduling of classes was set up on a quarter system. Because there was a
semester career course that was required. the class schedule for students changed in
January. Due to this, there were different populations of students in each class during the
course of the school year. The number of students’ in each class across the year are given

in Table 3 below.






Table 3
Number of Student Participants in Each Classroom by Semester

Classroom Fall semester Spring Semester
Josh 15 boys 14 boys (11 trom Fall’)
12 girls 10 girls (5 from Fall)
Karla 12 boys 9 boys (4 trom Fall)
6 girls 11 girls (4 from Fall)

Mathematical Context: What Students Have Had and What They Will Be Doing

The 8" grade CMP curriculum is made up of eight units which mainly focus on
algebraic functions. The school year begins with a 7" grade unit. Moving Straight Ahead.
The classes then use many of the 8" grade units and study linear. exponential and
quadratic functions. In order to help the reader make sense of what the classes have done
(mathematically) and what they were doing during the time that is the focus of this
dissertation, I offer a brief description of the mathematical context of the two classrooms.

The Previous (and First) Unit: Moving Straight Ahead.

At this point in the school year, students have completed the CMP unit Moving
Straight Ahead. (Lappan et al., 1997a). In that unit. the teachers and students worked on
the concepts of slope and y-intercept in linear functions. They have used tables. graphs.
and equations in contexts that were given in the text. These ideas build on a unit students
completed in the 7" grade entitled I'uriables and Patrerns (Lappan et al.. 1997b). Some
of the main points given in the Overview in Moving Straight Ahead are as follows:

o Students make conjectures about what relationship is characteristic of straight
lines.

e Students discover that the rate at which y is changing relative to x is the
coefficient of x.
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e Students learn to recognize linear situations from contexts. tables. graphs or
equations. They also strengthen their understanding of the connections among
these representations.

¢ Students explore the concept of y-intercept in several contexts (such as head
start given to a participant in a race or the initial cost for renting a number of
items).

e Students investigate the general form of a linear equation. y = mx + b. The y-
intercept, b. and the slope, m. are key ideas in determining the equation of a
line.

e Students learn how to determine the slope of a line given any two points on
the line. The y-intercept is found by reasoning from the rate in a table or from
a graph.

e More sophisticated methods for finding the y-intercept and an equation of a
line are developed in the Thinking with Mathematical Models unit (pp. la-1b.
Teacher's Edition).

This overview is given to describe the mathematical context of students up to this

point. Students have been introduced to slope. y-intercept and linearity. They have
explored these ideas using four representations: tables. graphs. equations and re-occurring

contexts that the curriculum offers.

The Current Unit: Thinking with Mathematical Models .

In moving to Thinking with Mathematical Models (Lappan et al.. 1998c¢) students
have performed experiments to model various linear functions. From the perspective of
the authors, the focus of this unit is:

[...] mathematical models:what they are. how they are constructed. and what they
enable us to do. [...] By choosing appropriate variables. collecting and graphing
data, and manipulating the variables to see how relationships are affected.
mathematicians can predict outcomes.

The investigations in this unit introduce students to several kinds of algebraic
relationships—including linear relationships, inverse relationships. and
exponential relationships—used to model real-life situations. Students also
explore other interesting relationships with graphing calculators {...] In this unit.
they will review and deepen their understanding of both kinds of linear
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relationships and their representation in all three forms: tabular. graphic. and
symbolic (p. 1a, Teacher’s Edition).

This unit explores models in linear and non-linear situations. When doing so.
students spend time both with data that is given in the textbook and with collecting their
own data. The data is often recorded in a table and students are asked to generate a
“graph model™ for the data: that is. they are asked to generate a “line of best fit” that can
then be used to make predictions for points that are not included in the data.

For example, in the first and second” Investigations. students collected data to
examine the relationship between the strength ot a paper bridge and two other variables
that may affect the strength--the thickness and the length, respectively. Students construct
paper bridges out of strips of paper and place an empty cup in the center of the bridge.
They then fill the cup with pennies (to measure the breaking weight) and record the data.
After the data has been collected. students are asked to decide if the data is linear or not
by examining tables and graphs of the data. They are also asked to draw a graph model
and to predict what might happen at points beyond what they had collected.

The four Investigations that make up Thinking with Mathematical Models explore
data that is given and collected that result in linear, close to linear. and non-lincar
relationships. In between Investigation 1 and Investigation 2. students are given a Check-
Up to assess what they have learned. This Check-Up is included in Appendix A.

Data Collected

1998-1999 School Year

I collected data primarily through participant observation and interviewing. |
sometimes took part, as each teacher did, by moving around the classroom, asking

students questions about their work. reminding them of directions that had been given
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and helping students with questions about problems they were assigned. At other times. |
remained at my computer and video camera, taking field notes and collecting data. I also
engaged in conversations with the teachers about student’s questions. the content being
studied and the “level™ students seemed to be at in their understanding of the content.
Many of these interactions were summarized and described in my field notes.

Observations

Part of the data collected consisted of two years of observations where detailed
field notes were taken in which much of the classroom discussion was captured on a
laptop computer as it took place. The first year of observations was in conjunction with
another study and was used to gain insight into the classroom interactions and students’
algebraic understandings. Questions about the classroom environment were formed
during these observations and were used to guide the dissertation research. During the
second year of observations, the actual dissertation data was collected. Usually within 24
hours, these notes were re-read and questions, comments. summaries, etc. were typed into
the notes. Also, the language used which pertained to functions was color-coded based on
the categories I developed in an earlier analytic memo (see Appendix B).

In addition to the field notes, two units were audio-taped and videotaped during
the second year of observation. The first was Thinking with Mathematical Models, the
second unit the classes used. It consisted of situations that were mostly linear (the latter
ones were non-linear) in which students would perform an experiment. graph the data and
find a line (or curve) of “best fit.” This unit was audio-taped and videotaped in Karla's
classroom; Josh's classroom episodes were audio-taped”.

In the other unit®, Say it with Symbols, contextual representations were fewer in

number and less in focus. Most of the unit centered on understanding and representing
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situations with symbols. Students not only learned to do this. but also learned to solve
and compare equations and expressions using tables. graphs and symbols. This was also a
unit where one would find properties that are typically associated with algebra. e.g.
distributive and commutative properties. During this unit. the last three weeks were
audio- and videotaped in both classrooms’.

The audio-tape was used to capture more of the actual classroom discussion than
field notes allowed. When studying the language used pertaining to mathematical
concepts. for example, I felt it important to have exactly what language was used and in
what order. In both classrooms, the videotapes were used to observe any nonverbal
actions associated with some of the language the class was generating for mathematical
concepts (e.g. the term “swoopy down™ referred to a decreasing exponential which was
sometimes accompanied by a downward curving motion with the hand).

Student Interviews

Student interviews were held four times throughout the year. In the first interview,
students were presented with an open-ended question (see Appendix C) which allowed
them to talk generally about what they knew about linear functions and to describe what
they considered important in defining linear functions.

The second task (see Appendix D) was given to a few students to see how
students dealt with multiple relationships (i.e. linear, exponential. and quadratic) when
they were presented all at the same time. Only two pairs were interviewed in each
classroom due to time constraints and the change in my data collection schedule®.

A third task was given at the request of Elizabeth Phillips. one of the co-authors
of CMP. In this task, students worked in groups of three and were given a set of six

problems (see Appendix E). Students were asked to generate and define categories in
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which they could place the six problems. Once they had their categories established and
defined, an additional six problems (see Appendix E) were added and students had to
either place these problems into one of their categories or change/add categories to
include the new problems. After they did this. each small group met with me and
discussed their categories. The brief interviews were fairly structured in that all of the
groups were asked a similar set of questions (see Appendix F). The purpose of this task
was to help me uncover the big ideas behind algebra, from the perspective of the student.
Students also had to answer questions that required them to articulate and refine their
definitions, create more or less categories. justify the placement of their problems. etc.

The last task students engaged in consisted of two parts: two partnered written
problems and an interview that focused on a problem different from the two they had
already completed. The two problems that students worked on together in class consisted
of NAEP Table Problem and Generating Patterns (see Appendix E). A range of students
were chosen (based on gender and ability level) to be interviewed. The interview problem
was the Phone Plans Problem (see Appendix E). This problem focused on a set of
piecewise-linear functions. It allowed students to talk about familiar linear ideas. but the
problem was atypical because each plan consisted of two parts. each of which could be
represented by a linear function with defined domains.

Additional Data Sources

In addition to the observations and interviews. many written artitacts were
collected. Both Karla and Josh photocopied partner quizzes and check ups from most of
the linear units students covered. Because Karla had a student worker who did

photocopying for her. I accumulated more written work for her students.
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1999-2000 School Year

Observations

I observed daily in Karla's classroom during the first unit, Moving Straight
Ahead, to trace the genesis of the language patterns and observe how norms and
discourse patterns were established in this classroom. Again. I audio- and videotaped

each class period to capture more of the verbal and nonverbal discourse in the classroom.

T Lidey —

The classroom that I worked in was again a “typical™ 8" grade class. as determined by
Karla. It consisted of 26 students: 17 girls and 9 boys. Since there was not a comparative
class (because Josh was no longer teaching). I did not interview the students from this
cohort. My intentions were to observe how Karla established the norms and discourse
patterns in her classroom. To accomplish this, no interviews with students were needed.

Teacher Interviews

In addition to this work in the classroom and with students. I conducted a series of
four interviews with Karla and Josh’. In the first interview. I had them talk about the
norms in their classrooms in terms of the roles and responsibilities they expect of their
students and themselves. I also had them react to a vignette from my fieldnotes in which
three boys were having a small-group discussion: each boy was using a different
representation (i.e. a graph. a table, and an equation) and were not really collaborating. 1
probed with questions that required Josh and Karla to talk both about the mathematical
understandings of the students and the way in which they were interacting. Hoping to
understand more about their teaching philosophy, I also asked them to talk about how
their thinking or practice had changed in the past ten years.

The second interview allowed me to ask follow-up questions from the first

interview and to get Josh and Karla to talk more about their expectations for students.
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Two ideas that I pursued from the first interview were related to: what each considered an
“ideal” classroom to be; and what the “big ideas™ of algebra were and how they used
these in their classroom. To get them to be more explicit about their expectations for
students and themselves. I asked them to list what these would be it they were to make a
poster of them for their classrooms. In this way. I hoped to get them to talk more about
what they saw their (and their students) roles, rights and responsibilities to be.

I began the third interview by asking the teachers to talk about the things that had
influenced the way they taught. Also. by the time this interview took place. my analysis
of the classroom discourse allowed me to use specific examples of emerging patterns and
I asked each teacher to interpret some of these patterns for me. Then. to bring these two
parts of the interview together, I asked them if they thought any of the influencing factors
had actually encouraged those particular discourse patterns.

The fourth interviews were the least alike. I drew on particular statements each
teacher made in the previous interview and asked clarifyving questions. After we
concluded with that portion of the interview. | showed each teacher a short video clip
from the classroom observations made in their classrooms.

The clip that I chose took place during the last unit. Sayv ir with Symbols. The
portion of the lesson I focused on was an activity in which each teacher used a balance to
model solving equations. 1 selected this because both Karla and Josh chose to do this
activity. even though the authors did not include it in the final draft of the text (i.e. it was
part of the pilot textbook but not in the published textbook). Also. I had noticed a
difference in the manner in which Josh and Karla each enacted this activity and was

curious to know more about it. Following Josh's modeling of the problem on the balance,
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he had a student record the symbols on the board. In contrast. Karla worked back and
forth—sometimes she modeled the problem first and at other times began with the
symbols. Also, both activities were very teacher-directed and I wanted to see what each
teacher had to say about that. During the interview | found Karla to be quite distressed by
the example I had chosen because it was one that she had been thinking about for quite
some time. Therefore. we did not view the entire thing. She asked me to turn it oft and
we spent time talking about why she was dismayed by the activity.

Since part of my dissertation focuses on difterences in the two classrooms. |
completed the last interview by asking Josh and Karla if they had ever observed in the
other’s classroom. Both had, but a very limited number of times. I asked them how they
saw their classrooms as being similar and different.

Data Analysis Procedures

Overall, the process I used to explore the classroom data was discourse analysis. |
first listened to the entire set of audio-tapes a total of three times within a week's time
period. While listening to the data, I recorded (independently each time) repeated words
or phrases that the teacher spoke on hard copies of the field notes that I had tuken during
the observations.

After recording these words/phrases. I compiled them and began to look for
points of convergence in their form and function. In doing so. I located those that were
most dominant in terms of sheer number in the classroom talk. I also grouped
words/phrases into larger categories based on their form. I then found literature that
would be useful for interpreting each form. For example, after compiling Karla's

words/phrases I noticed that she often used meta-talk about classroom activities. I used






Stubb’s (1975) and Pimm’s (1987) work to define the category “metacommenting”™ more
precisely and to interpret the functions of the metacommenting in Karla's classroom.

After identifying the most prominent discourse patterns in each classroom. |
located classroom interactions for my focus class periods. This process began by
outlining a larger timeline of the data which consisted of describing the larger activities
that took place and narrowing this down to more specific episodes based on interactions
in the classroom and events that seemed significant to the study proposed. It also allowed
me to differentiate between activities that included the entire class and those that focused
on small-group or individual work. My analysis focused only on the whole-group
discussions because I did not have the equipment to capture the discussion that took place
in small groups.

The focus class periods that were transcribed were chosen based on common
activities across the two classrooms and the concepts that were being taught. For
example, both classroom transcripts include the teacher handing back and going over a
Check-up. introducing and discussing an experiment in which students had to collect
data, and going over homework that had been assigned. The process of discourse analysis
also helped to separate description from interpretation. which was particularly useful in
characterizing the two classrooms.

Once I located particular classroom interactions to be analyzed more thoroughly. |
transcribed the lessons and used these to detail the functions of the forms I had identified.
The functions were determined by finding every example of every form in the transcripts.
These forms were first pulled from the transcript and examined as separate from the

context and then were examined as part of the classroom context to identity the function
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associated with them. The context was very important to determining the function of the
talk. For example, upon reading subsequent interactions. I was able to determine that
many of Josh’s questions that appeared “open™ (i.e. as having many correct answers)
soon became “closed” (i.e. had one right answer) through his subsequent reformulations
of the question.

Throughout the interpretation process. I returned to the third and fourth teacher
interviews in which I asked the teachers to talk about some of the emerging patterns of
discourse. In these interviews | asked each teacher: (1) if s’he noticed that they
repeatedly said this; (2) if they could name this. what they would call it: (3) what they
thought they were doing with that type of statement; and (4) what they thought that did
for the students in the class. The teacher’s interpretation is offered alongside mine
whenever possible, one way that I triangulated the data.

In this dissertation, I used two class periods from each classroom to do a fine-
grained analysis of the forms and functions of the talk. In order to check the
representativeness of my claims for the larger database. I returned to the audio-tapes from
Thinking with Mathematical Models. After writing the two case studies. I listened to
these tapes again to make sure the forms that I described were apparent in each lesson. |
found that all of the three most prominent discourse patterns that I described in each case
did indeed exist in every class session to which I listened. In addition. the extended
transcripts (which took place during March of the same school year) included in
Appendix O and P further evidenced the reoccurring patterns [ described in each case

study.
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Another purpose for my reviewing the tapes was to help trace some of the patterns
and to look for discrepant cases. For example. I needed to further investigate one of the
forms of questioning Josh used (i.e. What's the rise?...the run”...the slope?...the v-
intercept?...the equation for the line?) to see if he was using this line of questioning as a
form of scaffolding. In addition. I checked to see if this particular form of questioning
appeared often or only after Josh handed back quizzes (as it had in the focus class
period). The results of these are addressed in Josh's case study.

Summary

My experiences as a student and a teacher of mathematics have led me to pursue
the topic of this dissertation—discourse patterns and norms in two “reform-oriented™
mathematics classrooms. The two 8" grade classrooms that form the focus of this
dissertation were using the Connected Mathematics Project. an NSF-funded curriculum
project. I was intrigued by the teachers and their teaching because I noticed the students
seemed to have similar understandings, but each classroom felt different to me as a
participant-observer.

These classrooms offered a context that allowed me to study ditterence in the
context of similarity. The teachers had many attributes in common (detailed in Chapter
5). However, the teaching in the two classrooms was different. Drawing from the
sociolinguistics and mathematics education literatures. I describe the social and
sociomathematical norms of the two classrooms in terms of the classroom discourse
which they were embedded in and carried by. I also interpret student understandings

whenever possible throughout the thesis, taking a social constructivist perspective.
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In the year prior to commencing my dissertation study (1997-1998). I completed
classroom observations and student interviews as part of my practicum work and research
assistantship. These were used to form preliminary hypothesis about student
understandings and the classroom environment. The data used for this dissertation was
collected over the subsequent two vears (1998-2000). During the first. I observed and
audio- and video-taped students on a weekly basis. In addition. students were interviewed
about their algebraic understandings and their classroom experience. The second vear.
one of the classrooms was observed to trace the formation of the norms in the classroom.
The teachers took part in four extensive interviews. in which they were asked about
influencing experiences related to their teaching and the norms in their classroom (in
terms of the expectations. rights and roles of themselves and their students). They were
also asked to react to transcripts and video from their classroom. offering their
perspective about their intention in their language patterns and teaching.

The ideas I investigate in this dissertation include how social and
sociomathematical norms are embedded in and carried by the classroom discourse in each
classroom (Chapters 6 and 7). I also discuss aspects in the teachers’ professional lives
that influenced the way's they think about and work to establish and maintain the norms in
their classrooms (Chapter 5). In Chapter 8. I look across the two classrooms to offer what
| see as being similar and different, which has allowed me to locate differences in: the
overall structure of teacher talk, the positioning of the teacher with respect to the locus of
authority. the way each teacher draws from potential other knowledge sources in the
classroom (i.e. students and the textbook), and the way each tcacher draws attention to

the common knowledge constructed in the classroom.
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! I have chosen to give a detailed account of the teachers in a separate chapter so will not include that
information here.

* One striking difference in these numbers is that Karla had a smaller number of students in her classes.
scheduled as such to allow her to prepare for teaching 7" grade science for the first time.

* The numbers in the parenthesis represent the number of students who carried over trom Fall semester.

* This investigation is included in Chapter 4, pp. 52-53. It was one activity that took place during the
October 15" class period.

* This difference in data collected is due to the changing nature of this study—when | originally proposed
this work | had intended to mainly study Karla’s classroom. | was also working in Josh's classroom as part
of my assistantship with CMP. As differences/similarities emerged. | became more interested in looking
closely at both classrooms and video- and audio-taped in both classrooms later in the school vear.

® This unit is the last algebra unit of the school vear.

7 The last three weeks were captured because that is when Josh informed me that he had taken a new
position for the Fall of 1999 as Assistant Principal/Junior High Athletic Director. | had his (and the
students’) permission to videotape and began the day after he informed me of this change.

* At this time, Josh informed me that he had taken a new position that would begin Fall. 1999. To collect
the remainder of the data | needed in his classroom. | had to abandon the student interviews to audio- and
videotape in his classroom while they finished their last algebraic unit, Sav It With Symbols.

? For copies of these four interviews. see Appendix G.
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CHAPTER 4: ANALYSIS OF
THINKING WITH MATHEMATICAL MODELS'

In the upcoming description and analysis of the teaching and discourse, I realize
that there is another force at play that is influential. In a sense. another ““teacher™ that
exists in the classroom is the textbook that is being used, for “mathematics texts are there
to be worked on. and when such texts are present. readers have to situate themselves in
relation to them” (Love & Pimm. 1996, p. 372).

Following the analysis of the classroom transcripts. I noticed that the teachers
used the textbooks differently. The manner in which each teacher used the textbook is
addressed in Josh's case study (Chapter 7) and the cross case (Chapter 8). | became
intrigued by how the textbook may be interacting with the teacher-talk and decided to
look closely at the repeating patterns in the textbook that was used during the focus class
periods. This analysis uncovered that particular aspects of the teacher-talk were similar to
ones that appeared in the textbook. And. the patterns that each teacher used were
different.

In this chapter. [ concentrate on the style of the writing (authoritative structures).
within which is embedded: (1) the construction of the reader and the acknowledgement of
the teacher, (2) the way in which the text constructs reasoning and (3) the use of cohesive
devices. In doing so, I view the text material as an objectively-given structure, rather than
as a subjective scheme (Otte, 1983). I emphasize these structures in particular because
they surfaced as prominent in the classroom discourse analysis. By introducing the
textbook in this manner, I hope to provide the reader with some ins.ight into ways in

which the textbook may be influencing or interacting with the classroom discourse. More
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specific details about the linguistic constructs (e.g. hedging. modal expressions and
modal verbs) used in passing here are discussed in the upcoming case studies”.
Style of Writing
In all, Thinking with Mathematical Models® consists of 12. 766 words (not
including the Table of Contents)*. When analyzing these words. there are ways to locate
the relationship and roles of author and reader in the style of writing. Three ways to
address these are to focus on the use of imperatives. pronouns and modal verbs and

expressions (Morgan. 1996). Each of these will be addressed here.

Imperatives

Two of the most commonly occurring forms that exist in the textbook are
questions® and imperatives (commands). In fact. within the 747 sentences/questions” that
exist in the textbook. there are 165 questions and 335 embedded imperatives’. which are
broken down by type of text sub-structure in Table 4.

The questions in the text most commonly began with how (64 times). what (57
times) and which (20 times) and appeared in all sections of the text. although were most
prominent in the ACE® problems. Many of the questions in the ACE problems were

followed by instructions to “explain your reasoning™ or ““give evidence/reasons.”

Table 4
Frequency of Questions and Imperatives by Section of the Text
Questions | Imperatives
Introduction 3 7
Investigation 1 40 47
ACE problems 22 46
Mathematical Reflections’ 6 8
Investigation 2 25 36
ACE problems 20 30 !
Mathematical Reflections 4 3 i
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Investigation 3 12 ] 30
ACE problems 14 | 35
Mathematical Reflections 3 4

Investigation 4 7 34
ACE problems 9 35
Mathematical Reflections 0 14
Totals 165 535

Often there was a string of imperatives given. For example. when directions were
given for an experiment'o a string of imperatives would occur (my underlining of
imperative verb forms):

2.1 Testing Bridge Lengths

In this problem. you will experiment with paper bridges of various lengths. What

relationship do you expect to find between the length of a bridge and its breaking

weight? Do you think longer bridges will be stronger or weaker than shorter
bridges?

Equipment: eight 4-inch-wide strips of paper with lengths 4, 5. 6. 7. 8.9, 10. and

11 inches, two books of the same thickness, a small paper cup. and about 50

pennies

Directions:

e Make paper bridges by folding up 1 inch on each long side of the paper strips.

o Suspend one of the bridges between the two books. The bridge should overlap
each book by about 1 inch. Place the paper cup in the center of the bridge.

e Put pennies in the cup. one at a time. until the bridge crumples. Record the
length and breaking weight of the bridge.

e Repeat this experiment to find the breaking weights of the remaining bridges
(p. 26).

Other places repeated imperatives occurred were in the investigation problems. e.g.--
Problem 2.1
A. Do the experiment described to find the breaking weights of paper bridges of

lengths 4,5, 6,7, 8,9, 10, and 11 inches. Organize your data in a table. Study the
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table, and look for a pattern. Do you think the relationship between bridge length
and breaking weight is linear?

B. Make a graph of the (length. breaking weight) data from vou experiment. and
describe the pattern you see. Do the data appear to be linear?

C. Draw a straight line that seems to model the trend in the data. Do you think
your graph fits the data satisfactorily? Explain.

D. Use your graph model to predict breaking weights for bridges of lengths 4.5.
5.5, and 6.5 inches. Make bridges of these lengths. and test your predictions.

E. How is the relationship between bridge length and breaking weight in this
problem similar to and different from the linear relationships you studied in the
last investigation (p. 27)?

--and in the ACE problems:

3. Since Betty raised her prices. cookie sales have fallen. Betty calls in a business
consultant to help. The consultant suggests that Betty conduct a customer survey.
Betty’s customers are asked which of several amounts they would be willing to
pay for a cookie. Here are the results:

Price [$1.75 18150 TS1.25  1$1.00
Customers willing to pay this price | 100 117 140 175

a. Make a graph of these data, and draw a straight line or a curve the models the
trend.

b. Use your graph model to predict the number of customers who would be
willing to pay $1.35 and the number who would be willing to pay $2.00.

¢. Do you think predictions based on your graph model are accurate? Explain.
d. The shape of this graph resembles the shape of another graph you have drawn.
Look back at your work in this unit. Which situation has a graph similar to this
one (pp. 42-43)?

Some of the most common verbs include: explain (46 times). make (e.g. make a

table, make a graph; 35 times), use (e.g. use the graph to. use the table to; 29 times). write

(e.g. write an equation: 29 times), and describe (28 times). Many of these imperatives
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invite students to be active participants in the experiments in which they are taking part:
others require them to articulate and explain their thinking.

Morgan (1996) claims that imperatives influence the roles and relationships
between the author and reader of textbooks.

The use of imperatives and of other conventional and specialist vocabulary and

constructions characteristic of academic mathematics marks an author’s claim to

be a member of the mathematical community which uses such specialist language
and hence enables her to speak with an authoritative voice about mathematical
subject matter. At the same time it constructs a reader who is also a member of

the same community and is thus in some sense a colleague (p. 6).

However, given the unequal relationship between the reader and authors in
school. it is probably more likely the case that this type of language is seen as a way to
inculcate students into the mathematical community. The roles that are constructed for
the reader may be different depending on the tvpe of imperative that is used. Rotman
(1988) distinguishes between inclusive imperatives (e.g. “let’s go™) and exclusive
imperatives (e.g. “go”) in mathematical writing. Inclusive imperatives are addressed to
what he calls a “thinker” and “demand that speaker and hearer institute and inhabit a
common world or that they share some specific argued conviction about an item in such a
world™ (p. 9). This form is also used to make suggestions and is considered less direct
than exclusive imperatives. Exclusive imperatives construct the reader as a “scribbler™
who performs actions (e.g. write, draw). Most of the imperatives in this unit are
exclusive. constructing the reader to be a “scribbler.”

Pronouns
First person pronouns (i.e. I and we) indicate the “author’s personal involvement

with the activity portrayed in the text” (Morgan, 1996, p. 5). For example. “We will

show...” suggests that the author is speaking with the authority of the mathematical



community. Another way in which “we” may be used is to indicate assumed
mathematical activity performed by the reader. e.g. ~In the last section. we....”

First person (singular and plural) pronouns were entirely absent from this unit.
This may obscure the presence of human beings in the text, affecting “not only [...] the
picture of the nature of mathematical activity but also distanc[ing] the author trom the
reader, setting up a formal relationship between them™ (p. 6).

The second person pronoun. “you.” must also be examined to understand this
construction of roles and relationships between reader and author of the text.

Addressing the reader as you may indicate a claim to a relatively close

relationship between author and reader or between reader and subject matter [....]

On the other hand, some uses of you appear to be attempts to provide expressions

of general processes rather than being addressed to individual readers [...]

particularly where children are struggling both to formulate generalisations and to

communicate them (Morgan. 1996. p. 6).

In this unit, the word “you™ occurs 263 times (397 when “vour™ is also included).

There seem to be about four categories that “you™ falls into. which are given in Table §.

Table 5
Forms of “You™ in the Text
Form Examples i Number of Instances
You + verb You find. you know. vou | 165 times
think :
You + modal verb"’ You will. you can find., vou | 36 times
would ,
Inanimate object (as The graph shows you. the 37 times
subject) + animate verb + | equation tells you
you (as direct object)
You + hedged < verb You might have found 5 times

The first pattern (you + verb) is most apparent in the textbook. It seems that the
authors are defining what they think the reader is doing: that is. they are telling “vou™

about yourself. When doing so. they are sometimes controlling the common knowledge
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by telling the reader what they think or know. At other times. they are defining and
drawing attention to the common knowledge by telling the reader what they “find.”

The third form (inanimate object (as subject) + animate verb + vou (as direct
object) strikes me as peculiar. Inanimate objects perform activities that are typically
associated with people. Having an animate verb with an inanimate object is almost
contradictory. When would a graph actually “tell” you something?

Morgan points out that agency can be obscured through the ““use of processes
without any indication that these are actually performed by anyone™ (p. 4). indicating an
absolutist image of mathematics as a system that can act independent of humans. This
appeared in this third form. Often in this unit, representational objects were actors in
verbal processes. For example. “Testing paper bridges to find out how thickness aftects
strength and then fitting a straight line to your experimental data introduces you to the
idea of a linear graph model” (p. 4, italics added). In this case. a long. abstract process
(i.e. “Testing paper bridges to find out how thickness affects strength and then fitting a
straight line to your experimental data”) “introduces”—an act that this cannot. in reality.
perform. In addition, the text creates an image of the author as being absent. There is no
“voice of the author” present. only someone omniscient who dictates what is being done.

This is not to say that the processes are the only actors in this textbook. In fact.
many of the contexts have human actors in them. The actors are named by occupation
(e.g. civil engineers). by group (e.g. riders on a bike tour or the student government
association), or by name (e.g. Chantal and Charlie). The age of the actors also varies. but
many are school-aged children. These people typically performed activities—collected

data, analyzed it, represented it, drew conclusions, made predictions. etc.
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Modality"

Another way in which relations may be located is in the modality of the text.
which may appear in modal auxiliary verbs (e.g. can, will, could). adverbs (e.g. certainly,
probably), or adjectives (e.g. I am sure that...). Modality allows one to see relations
between author, reader and subject matter through “indications of the degree of
likelihood, probability. weight or authority the speaker attaches to the utterance™ (Hodge
and Kress. 1993. p. 9). As I stated above. there are only five instances where “you™ is
combined with a hedged verb. This is one way in which the authors may acknowledge
that the audience is unknown to them. For example:

2.2 Keeping Things Balanced

The pattern you saw in the length, breaking weight) data show up in many other

important and familiar problems. For example. you may have thought about this

problem when you were a child:
How do people of different weights balance on a teeter-totter?

You probably discovered that the lighter person has to sit farther from the balance
point (called a fulcrum) than the heavier person does.

[cartoon drawings of two pairs of people sitting on teeter-totters]

You might have found the balance point by trial and error. but there is a

mathematical relationship between weight and distance. The following

experiment will help you discover this relationship (p. 28. underline added. italics

in original).

Within this. three of the five “you + hedged verb™ in the textbook take place. The
problem begins with the authors asserting that this experience is “important and
familiar,” assuming this to be true. Then, because they cannot be certain whether this is

the case, they continue by hedging the verbs in the next three sentences: “may have

thought.” “probubly discovered.” and “might have found.” These are things the authors
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cannot know about their reader and one way to acknowledge this is to make these
statements less baldly by hedging the verbs.

Other hedges that occur in the textbook include: abour (12 instances of this as
being used to approximate), might (7 times), and may (5 times). These can indicate
certainty about what is being expressed. The most prominent modal verbs that occur in
the text include: would (55 times), can and will (40 times each). which are followed by
could (13 times) and should (11 times). As indicated by the most prominent forms (and
those of which there are few: “probably.” “might.” "may"”), the text represents a fairly
certain viewpoint (“must,” “would.” “can.” "will”) of mathematics.

A more explicit way authority is embedded in the text is included in the examples
of when, where and how mathematics is used in the world and knowledge about those
occupations. For instance, in the first two investigations, there are boxes that ask. "Did
vou know?” Within each box, the authors describe various things engineers have to take
into consideration when they build a bridge and introduce engineering language for these
things, e.g. dead load and live load. So. not only does the author know the mathematics.
but they know much more than that—they know detailed information about occupations
that use mathematics. too!

Construction of Reasoning

There were few instances of “*because™ and “so™ (only 3 and 12 respectively)
being used to express connective reasoning. The word “"so™ usually came prior to a main
conclusion or a restatement of information that had been given. It seemed that the focus
for reasoning came more often after students had answered a question: they typically

. . 4 . .
were asked to provide an explanation'* or to give reasons for their answer.
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How, then, was reasoning constructed in this text? [t seems to occur more in a
narrative telling of how someone came to a particular conclusion. For example:

1.2 Drawing Graph Models

A class in Maryland did the bridge-thickness experiment. They combined the

results from all the groups and found the average breaking weight for each bridge.
They organized their data in a table.

Thickness (lavers) ol 2 3 4
Breaking weight (pennies) | 10 14 23 0 37 | 42

The class then made a graph of the data. They thought the pattern looked

somewhat linear. so they drew a line to show this trend. This line is a good model

for the relationship because for the thicknesses the class tested. the points on the

line are close to points from the experiment.

[graph is given]

The line that the Maryland class drew is a graph model for their data. A graph

model is a straight line or a curve that shows a trend in a set of data. Once you fit

a graph model to a set of data. you can use it to make predictions about values

between and beyond the values in vour data (p. 7, boldface in original).

In this problem, there is some use of terms that carry connected reasoning. e.g.
“so” and “because.” However, there is a particular order of events that are modeled in
this problem. also. This order is: (1) did the experiment. (2) combined the results. (3)
found the average. (4) organized data in a table. (5) made a graph. (6) thought about the
pattern (which looked linear). (7) drew in a line to show the trend. These exact events
(and the order in which they happen) are those in which the classes themselves just
engaged. In fact, they again engage in these exact activities in the next investigation when
they do non-linear modeling. Also. this was used as a model for what followed: students
then made the same kind of predictions as the students in this problem.

Following this story-type problem was a series of commands in which the

students were supposed to follow. Morgan (1996) claims that the combination of
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temporal themes and imperatives would construct an algorithm. In this unit. the word
“then” is used temporally 20 times: it is used to show cause only once. These story-form
problems are always followed by a series of questions and/or imperatives.

The use of a re-occurrence of events was one way the text seemed to preserve
continuity. Another way this was achieved was through referring-back to past events
(either in this unit or prior ones). For example. following the above problem:

1.3 Finding Equation Models

In your earlier work, you saw that linear relationships can be described by

equations of the form y = mx + b. where m is the slope and 4 is the y-intercept.

The line drawn to model the data in the Maryland students™ bridge-thickness

experiment is shown below. By looking at the graph and comparing vertical

change to horizontal change. the students found that the slope of the line 1s about

8.7. Since the line passes through the origin. its y-intercept is 0. They wrote the

equation y = 8.7x to represent the line (p. 9. italics in original).

In a sense. the authors are giving meaning to the activity and reminding students what
they “saw™ at a previous time (Edwards and Mercer. 1987). Similarly. the text would
state what “you found™ at the beginning of each new Investigation and then proceed to
tell students what “you will™ do:

Investigation 2: Nonlinear Models

In the last investigation, you tested paper bridges of various thicknesses. You

found that thicker bridges are stronger than thinner bridges. and you discovered

that the relationship between thickness and breaking weight is approximately
linear. In this investigation, you will explore relationships with different types of

models (p. 26).

By telling students what “you found.” the authors seem to be controlling student
sense-making and defining what the class should have taken away from the activity.

possibly in an attempt to define and control the common knowledge in the classroom. In

fact, in some ways the authors need to do this because they are counting on a common
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readership that has done and found certain things in order to proceed. They also preserve
continuity by connecting the past to what students will be doing: that is. they will be
exploring relationships with “different types of models.”

Another way continuity is preserved is in the repeated use of mathematical
terminology. In the first investigation, students are introduced to “model™ and “graph
model.” It is in that investigation in which these terms are highlighted (with italics first
and then boldface type) and defined. After that. it is assumed evervone now knows the
word as it appears throughout the rest of the textbook.

Summary

The analysis of this unit has led me to conclude that the style of writing of the text
is pretty authoritative. The repeated imperatives in the experiments. problems and ACE
construct the author of the text as having an unequal relationship with the reader whose
role is to inculcate students into the mathematical community. Because many of these
imperatives are “exclusive.” the role of the student is constructed as a “scribbler.”

The textbook is devoid of first-person (singular and plural) pronouns. indicating
that the presence of human beings is concealed. Morgan claims that this atfects how
mathematical activity is presented and sets up a distance relationship between the author
and reader. In the second-person pronouns, the authors: (a) seem to define what the
readers should be doing. sometimes controlling and drawing attention to the common
knowledge of the classroom, and (b) obscure agency by having inanimate objects
perform animate activities. Morgan contends the latter indicates an absolutist image of

mathematics as a system that can act independent of humans.
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The modal verbs in the textbook are more apparent in the problem in which
shared information is assumed: that is. where the authors draw on an experience that they
cannot know if the students have been a part of or not (i.e. balancing on a teeter-totter).
To soften their assertions. they hedge the verbs in the problem. The most prominent
forms of asserting in fhe text (i.e. would. can. will) indicated that it represents a fairly
certain viewpoint of mathematics. This is further apparent in the forms of which there are
few, e.g. probably, might, may.

Reasoning was modeled in a narrative form: that is. it appeared in what other
people did in the textbook. Model classes were introduced as participating in certain
activities which were discussed and followed as the way certain events would occur.
Usually this model example was followed by a series of imperatives. Morgan claims that
the combination of temporal themes and imperatives would construct an algorithm to be
followed. A series of re-occurring events seemed to be one way in which continuity was
preserved in the textbook. Other ways this was achieved include: referring-back to past
events, stating what “you found.” pointing to what “you will” do and introducing and
continuing to use introduced mathematical terminology. All of these could be seen as
ways that the textbook attempted to define and control the common knowledge of the
classroom. This makes sense because the authors can only imagine and draw on a
common readership that has done and found certain things. Without this. the activity
would not be able to proceed.

Some of the discourse patterns [ discuss in the case studies (Chapters 6 and 7) are
similar to those that have appeared in the textbook. For example. Karla preserved

continuity by referring back to activities. discussions and contexts in the classroom. This



overlapped with the textbook’s use of “vou found™ which referred buck to activities and
contexts. In addition, Karla used narrative structures that were similar to those the
textbook used. In Josh's classroom. the most prominent discourse pattern was his use of
strings of questions. This also happened to be one of the most noticeable aspects of the
textbook. I have preceded the case studies by this textual analysis with the intent of
inviting the reader to continue to attend to the aspects of the textbook that are
similar/different from the forms of address each teacher incorporates in his/her

classroom. These will be taken up further in some of the sections in following chapters.

'] want to remind the reader that this analysis is a portrayal of this particular unit within the larger CMP
curriculum. Because this unit focuses on mathematical modeling. it has some aspects to it that are probably
not as apparent in some of the other units. Therefore. one should not conclude that this analysis is
indicative of what appears in other CMP units. with the exception that there is still an emphasis on
functional relationships in problem-solving contexts using multiple representations (i.e. graphs. tables and
equations).

2 These are to be found in Chapters 6 and 7.

* Before offering the detailed analysis of this unit, | would like to point out that the type of texts that the
NSF curriculum introduced may be a new genre in that they were the first to be written “in context.”
Because of this, there are many more words in the textbooks than more traditional textbooks which more
often consist of strings of equations and symbols. The literature on textual analysis from which | am
drawing was based on the analyses of student texts and more traditional versions of mathematical
textbooks.

41 have used both an electronic copy of the textbook and a published copyv of the textbook in doing this
analysis. Some of the counts were done by the computer, others | did by hand. For instance. the number of
words in the textbook was counted by the computer and the number of imperatives were counted by hand
because there was often more than one in a given sentence.

5 A detailed account of the literature pertaining to teacher-questioning will be given in Chapter 7.

© In counting these. | discounted lines in which there were headings (e.¢. Problem 2.1) . single-word entries
(e.g. Directions) and have equations given without text describing the equation (e.g. in the ACE problems).
Sentences were used in counting.

’ By using the term “embedded imperatives,” | am acknowledging that | included all imperatives in a
sentence, not just the one with which the sentence began. For example. "Make a graph of the (length.
breaking weight) data from your experiment. and describe the pattern you see” (p. 27) was counted as being
two imperatives because the reader was being directed to “make a graph™ and “describe the pattern.”

8 ACE problems are those that appear after the Investigations and is short for Applications, Connections
and Extensions.

’ An interesting point about the Mathematical Reflections is that even when the book states. “these
questions will help you..." about half of the reflections (or more) are actually imperatives.

10 The majority of the activity in this unit is having students engage in experiments. | would like to
recognize that giving instructions for experiments lends itself to more imperatives than the units that have
few or no experiments. Models is an exception to the other texts because of its experimental emphasis.

1 [ will comment more on the modal verbs in the next section. so this form will not be addressed right now.
12 Hedges are “linguistic pointers to moments of uncertainty” (Rowland. 1995 p. 328).

13 Details about modality and hedging are given in Chapter 6.
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14 Explicit explanation for how to do things was also absent from the text. However, | did not address that
here because it is possible that this has more to do with the fact that the focus in this unit is on
mathematical modeling. It may be possible that explanations are not as pertinent to mathematical modeling
than other mathematical content, so I do not want to make inferences about this due to the fact that it might

be attributable to the content in this particular unit.
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CHAPTER 5: INTRODUCTION TO THE TEACHERS

Before proceeding, I would like to introduce the teachers that are the focus of the
two case studies by describing their backgrounds: that is. I share details about their
education, experience and professional activity. I continue by drawing on their interviews
to offer some of their philosophy of teaching in general and about teaching mathematics
specifically, highlighting the many similarities that exist between them. as well as some
differences.

Background

Both Karla and Josh grew up in the same state and described the counties in
which they grew up as fairly conservative. They both attended universities within the
state when they graduated from high school. Although their ages difter by about seven
vears, they both emerged from their undergraduate programs with a Bachelor of Science
in Elementary Education. Karla minored in mathematics and science: Josh in science.
Josh later returned to school and received his Master’s degree in Elementary Mathematics
Education from a university in the Southwest. Both earned certific<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>