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ABSTRACT

CHANGING TEXTS, TEACHERS, AND TEACHING:
THE ROLE OF CURRICULUM MATERIALS
IN MATHEMATICS EDUCATION REFORM

By

Janine T. Remillard

The aim of the study was to examine teachers' interactions with a new textbook
in order to gain insight into the potential for curriculum materials to contribute to reform
in mathematics teaching. It was motivated by the tendency of educational policy
makers to use curriculum materials to implement curricular and pedagogical change in
mathematics teaching and by discrepancies in research findings regarding their impact
on teaching. While studies reveal a close match between mathematical topics most
frequently taught and the core topics, skills, and content in texts (Freeman & Porter,
1989; Stodolsky, 1989), researchers have also noted variations between classroom
instruction and what is suggested in textbooks, particularly when the texts are based on
nonconventional views of mathematics. (Putnam, 1992; Stephens, 1982; Sosniak &
Stodolsky, 1993) . Many researchers have found that teachers are influenced by their
beliefs and knowledge about teaching, learning, and the subject matter more than by
what is presented in texts (Ball, 1988; Donovan, 1983). The intent of this study was to
consider whether and how reform-oriented curriculum materials might contribute to
change in mathematics instruction.

Using case-study methodology, the author analyzed the interactive relationships
between a new mathematics textbook and two fourth-grade teachers' thinking about,

and teaching of, mathematics during one school year. In addition to observing and



interviewing the teachers regularly, she analyzed the contents of the textbook for its
depiction of mathematics teaching and learning. Through a cross-case analysis, the
author developed a model of teachers' curriculum development activities, that is their
construction of mathematics curriculum in the classroom. The model, which includes but
is not limited to teachers' textbook use, consists of three arenas in which teachers engage
in curriculum development: design, construction, and curriculum mapping . Each arena
defines a particular realm of the curriculum development process about which teachers
explicitly or implicitly make decisions. Through articulating each piece of the model, the
author highlights the complex and multi-dimensional nature of teachers' curriculum
processes, identifies significant characteristics of each arena that have implications for

textbook use and instructional change, and indicates areas that call for further research.
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CHAPTER ONE

THE TEACHER, TEXTBOOK, CURRICULUM RELATIONSHIP

Introduction
A Teacher and a Text

Like many young teachers emerging from colleges of education, I began my career
believing that textbooks were an artifact of tradition. Entrenched and uncreative, they
were everything I did not want my teaching to be. The 22-year-old enthusiasm that I
brought to my first teaching job enabled me to create educative and engaging experiences
for my students without such texts in all subjects except mathematics. Math stumped
me. Even though I was well-prepared mathematically, I had never experienced
mathematics teaching that was intellectually engaging. As a teacher, I knew that there
were important ideas to be learned, but I did not know how to sort the genuinely
significant from those that were simply familiar.

Eventually, I found my way to an innovative mathematics program called
Comprehensive School Mathematics Program (CSMP). Even though it was a published
curriculum, it was unlike any textbook I had ever seen. Using it helped me engage my
students in thinking about concepts and ideas that seemed important. I followed the
scripted lesson plans as closely as I could and was pleased with the way they helped
me establish conversations about math problems with my students. Iliked the way the
questions it suggested required them to think about mathematical ideas, not only find
answers. Frequently, it suggested that I ask students to explain how they had come to a
particular answer, even if the problem had been straightforward. These suggestions
seemed irrelevant, so I discarded them.
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CSMP also required me to think about mathematical ideas. The visual

representations writers used to illustrate various mathematical relationships helped me
see these ideas differently. Through using them, I began to think about numbers,
functions, and operations more conceptually, that is, as big ideas that held a lot of
procedures together. I wanted my students to see the same things.

With the help of a supportive principal, I managed to convince my colleagues to
adopt CSMP as the school's mathematics curriculum. Even though they were willing, I
was puzzled by the luke-warm reception they gave it. They were hesitant to whole-
heartedly embrace this carefully designed program that meshed perfectly with the
school's philosophy. They were reluctant to engage the mathematical ideas, and it
seemed that they were too quick to impose substantial revisions on its offerings.

Texts and Teaching: A Broader Perspective

I left these concerns behind when I began doctoral studies at Michigan State
University. It was not long before they reappeared, albeit in different clothes. My work
on two research projects made me believe that my experiences with CSMP were not
idiosyncratic but examples of significant issues related to teaching and educational
reform. The first project entailed analyzing three alternative elementary mathematics
teacher's guides (one of which was CSMP) looking at their potential for fostering critical
thinking; I found they had quite a bit. In very different ways, each of the three programs
was designed to engage students in exploring and thinking about important
mathematical ideas (see Remillard, 1991a, 1991b). However, what I was learning from
the second project raised doubts about their likely impact. The project involved
observing and interviewing teachers in a study of the relationship between a state-level
policy and classroom practice. Our findings suggested that the relationship was less
than straightforward. Teachers made sense of the policy and their new textbooks

differently as a result of their views on teaching and learning math (see Cohen et al.,
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1990). As a result, they sometimes omitted or altered what seemed to be the best parts

of their texts.

My graduate studies also put mathematics and my former colleagues' discomfort
with it in a different light. Even though my view of it was expanding, I became more
cognizant that most people view math as a dry subject, driven by rules rather than
reason. This view was perpetuated by school practices that focus on rote memorization
and drill. For many, these rules are daunting. Teachers who have learned this version of
math often find it intimidating and generally are not interested in giving it a second look.

These new perspectives helped me to understand my earlier experience in a
broader context, but they also prompted as many questions as answers. Textbooks can
be an influential factor in teachers' learning and teaching, but not in every situation, not
with every textbook, nor with every teacher. In what ways and under what
circumstances can textbooks help teachers learn to teach differently? This question is
particularly relevant given the current reform efforts in mathematics education. Teachers
are asked to teach mathematics in new ways—in ways they have never experienced as
students or teachers (Cohen, 1989). As in previous periods of educational reform,
policy makers, reformers, and teachers view changed textbooks as primary vehicles to
guide their efforts (Tyson-Bernstein & Woodward, 1991).

Underlying this faith in textbooks is an assumption about the relationship
between texts and teaching that I explored in this study. As a teacher whose teaching
and learning were influenced by an alternative textbook and having a sense of the
richness such texts could offer, I believed that changed textbooks might have a role in
reform in mathematics education. However, seeing that teachers' uses of texts were
shaped by myriad factors, I realized that determining what that role might be would
require a better understanding of the relationship between texts, teachers, and their
teaching. I examined this relationship by studying how two teachers interacted with a
changed textbook in the process of teaching mathematics. The teachers, Jackie Yarnell
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and Catherine McKeen, taught fourth grade in a school district in Michigan that had just

adopted a new mathematics textbook, Mathematics Plus, published by Harcourt Brace

Jovanovich (HBJ) in 1992.

Teachers, Texts, and Curriculum:
Framing the Study

Considering the role that changed textbooks might play in educational reform
requires more than studying the teacher-text relationship. How teachers use textbooks is
only one factor that influences practice (Sosniak & Stodolsky, 1993). Thus, in this
study, I focused on the three-way relationship among the teacher, the textbook, and the
curriculum, in which the curriculum refers to the events teachers and students experience
in the classroom (Clandinin & Connelly, 1992). Figure 1.1 illustrates this relationship
and places it in two influential contexts. The first context is the teacher's immediate
teaching and school setting, and the second is the context of reform in mathematics
education. Both contribute to the interactions among the teacher, the text, and the

curriculum being created.

Teacher <@————— Textbook

N/

Curriculum

“—— Teaching and School Context |——

\—

|/

National Reforms in Mathematics Education

Figure 1.1. Teacher, textbooks, curriculum relationship
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Embedded in this three-way relationship are several sets of interactions that

have been subjects of previous research. These findings have informed my study. One
body of research, for example, focuses on the teacher-text relationship, exploring how
teachers interact with and use textbooks. Another examines how teachers construct
curriculum in their classrooms, and a third (represented by both arrows that point to the
teacher) is of teacher learning and change. Research in this area is particularly relevant
to the reform context. This research examines factors that contribute to change in
teachers and their teaching, providing the larger context in which this study resided. In
this study of the role of a reform-oriented textbook in teachers' processes of curriculum
construction in the context of reform, I drew on all three areas of research. Each one is
reviewed below. First, however, I discuss a crucial element of the context in which both
teachers were working and of this study: the national reforms in mathematics
education.
The Reform Context

The reform context was crucial to this study because it was more than the
background in which these teachers were teaching. It influenced the relationships at
every level, and was evident in the messages teachers received from the district and
within their school about what was important in math. The textbook the teachers were
using had been redesigned in response to these calls for change, and also framed my
conceptualization of this study. My choice to examine teachers' interactions with a
reform-oriented textbook in the process of teaching mathematics was motivated by my
interest in learning more about the role textbooks might play in helping teachers respond
to the reforms. Thus, what these reforms represent philosophically, and what they
suggest mathematically and pedagogically were of central interest in this study.

Throughout my thesis I use the terms "reforms" or "reform agenda" referring to a
range of endeavors to stimulate change in mathematics content and instruction. These

efforts are widespread but do not come from one source, nor do they reflect a single
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perspective on the goals of mathematics instruction or what it should look like.

Furthermore, most national or local documents outlining new curricular goals and
pedagogical ideals present ambitious visions for improving mathematics education, not
recipes (Ball, 1994). The Curriculum and Evaluation Standards (National Council of
Teachers of Mathematics (NCTM), 1989), the most visible of these, outlines and
describes a set of topics that should comprise the mathematics curriculum and a list of
the changes in emphasis that these new goals imply. Because of its focus on teaching,
the Professional Standards for Teaching Mathematics (NCTM, 1991) provides a more
detailed image of what changed teaching might look like. Still, these documents are
visionary rather than prescriptive. Thus they are underdetermined, and by their very
nature are open to multiple interpretations. Teachers, teacher educators, textbook
publishers, school administrators and educational researchers interpret the messages of
such documents in the process of drawing implications for teaching from these visions.

Even though the messages of the reforms cannot be reduced to a simple set of
goals or philosophies, it is possible to articulate general themes that pervade much of the
reform rhetoric. I do so here in order to provide some sense of the reform context of the
study and to clarify what I mean when referring to the "reforms." I begin with some
background.

In 1980, the National Council of Teachers of Mathematics published An Agenda
for Action, calling for a change in mathematics education to focus greater attention on
problem solving and learning to reason. During the decade to follow, myriad state and
national reform efforts emerged. Aimed at creating a vision for mathematics instruction
that enhances students' understandings of underlying mathematical concepts and
develops their problem solving, reasoning, and communication abilities, these efforts
targeted the content and pedagogy of mathematics instruction. The state of California,
for example, launched a major effort in the mid 1980s to reshape how and what

mathematics were taught (California State Board of Education, 1985). The efforts in
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Michigan have been decidedly less comprehensive or centrally controlled. Still, in the

late 1980s, the state produced new goals and objectives, rewriting the mathematics state
assessment test to be more in line with these goals.

Almost 10 years later, the NCTM published the Curriculum and Evaluation
Standards (in 1989), thus providing the spark that boosted these efforts into public
attention. These documents, particularly the Curriculum Standards, played pivotal

roles in the reforms. The Standards have had a significant influence on mathematics
education. They are the most visible and frequently cited representatives of the calls for
change; for many, they represent the reform agenda.

The aim of the Curriculum Standards (NCTM, 1989) was to establish standards

for the revision of the mathematics curriculum, thus focusing on developing students
who are "mathematically literate" (p. 1) and who have "mathematical power" (p. 5).
This focus includes being able to establish, reason about, and solve problems, as well as
to explore, conjecture, and reason logically. In order to accomplish these goals, the
authors call for shifts in the traditional emphases of the mathematics curriculum. These
goals include increased emphasis on conceptual understanding and meaning of topics
related to number, operations, and computation as well as decreased emphasis on early
attention to symbolic representations, isolated treatment of facts and paper-and-pencil
computation, and long division. They also include increased emphasis on topics that
traditionally have played a background role in the elementary curriculum such as
geometry and measurement, probability and statistics, patterns and relations, and
problem solving (including shifts in instructional practices). Recommended goals for
kindergarten through fourth grade are listed in Figure 1.2.

Over a relatively short period of time, the Standards became known in schools
throughout the country. As more states and districts adopted some form of this vision,
the impact of the Standards increased. By the early 1990s, these reform ideas began to

have an impact on the commercial textbook market. Prior to this time, nonconventional



Increased Attention Decreased Attention
Use of manipulative materials Rote practice
Cooperative work Rote memorization of rules
Discussion of mathematics One answer and one method
Questioning Use of worksheets
Justification of thinking Written practice
Writing about mathematics Teaching by telling
Problem-solving approach to

instruction

Content integration
Use of calculators and computers

(NCTM, 1989, pp. 23, 21)

Figure 1.2 Instructional practices recommended
For increased and decreased emphasis

approaches to mathematics instruction were seldom found in mainstream, commercial
textbooks; curriculum resources that offered innovative materials such as CSMP
remained in the smaller, less profitable, alternative market. As the influence of the
reform agenda increased, those selecting textbooks began to look for traces of these new
goals. In response to these market demands, the five major textbook publishers
produced revised mathematics texts, which represented a small step away from
traditional approaches to teaching mathematics. All claimed to draw upon the NCTM
Curriculum and Evaluation Standards. Even though the extent to which they are
responsive to the reforms is open for debate, at the very least they all reflect attempts to
take mathematics beyond the memorization of isolated rules. In addition to conceptual
development, they devote a substantial amount of space to problem solving,
mathematical thinking, group work, the use of manipulatives, and alternative forms of
assessment. In response, districts have been quick to select new textbooks from these to
help teachers install new ideas into their teaching. In Chapter 3, I describe the textbook

that Catherine and Jackie used and critique its response to the reform agenda.
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The Relationship Between Policy and Practice and Issues of Teacher Change

My study exists within and is an extension of a larger, longitudinal study on the
relations between state- and district-level instructional policy and classroom practice in
California, Michigan, and South Carolina. The project, Educational Policy and Practice
Study (EPPS), was conceived in response to the appearance of a series of national and
local efforts to effect curricular and instructional change in K-12 classrooms. Our
research focused on teachers' and district- and state-level policy makers' experiences
with, and thinking about, state mathematics and literacy policies and their impact on
practice. A central assumption of the work was that teachers' encounters with, and
responses to, various manifestations of instructional policy figure significantly in the
policy practice relationship. Thus, we examined a wide range of factors relevant to how
teachers interpret and respond to policy, including the ways they encounter it and the
personal resources they bring to it (see Geist, in preparation; Grant, 1994; Jennings, 1992;
Cohen et al., 1990). In Michigan and California, revised mathematics textbooks and
other curriculum materials figured significantly in local efforts to promote change. Even
though we collected general data on the various ways teachers used them, we did not
examine teachers' relationships with their textbooks in detail. My study, then, places a
magnifying glass in front of one aspect of the EPPS work with an eye toward providing
some explanation for our findings with respect to teachers' use of changed texts.

The EPPS work is situated within a larger body of work as well. For some time,
researchers have studied and written about the resistance of schools and teachers to
change. Noting patterns, trends, or commonalties among teachers, as well as teaching
practices and school organizations and structures, they have described established
cultures that predominate in schools and into which new practices must fit (Cohen,
1989; Cuban, 1984; Jackson, 1968; Lortie, 1975; Sarason, 1982; Waller, 1932). These
cultures, or regularities (Sarason, 1982), form a type of "internal momentum" that

buffers schools from external attempts to accomplish change. By looking more directly
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at teachers and the nature of their work, these scholars have posited that the demands

of the work of teachers such as its immediacy, uncertainty, dependence on students, and
its isolation have perpetuated certain characteristics for the purposes of survival. These
demands have resulted in reluctance toward trying new practices.

EPPS researches have observed many such elements of school structures and
teachers' work that stifle the possibility of change. We also found the lack of change to
be a matter of opportunity and learning. As I mentioned above, policy documents are
underdetermined. Teachers receive messages of change through varying means, and the
messages themselves may vary. They also can interpret them through their ideas about
teaching and learning. We observed many teachers who have embraced calls for change
and have continued to create practices that look only mildly different from what is
standard (Ball, 1990; Cohen, 1990) or mathematically shallow (Geist, in preparation).
We observed teachers enthusiastically trying new activities only to find themselves
confused by the mathematics (Heaton, 1992) or confronted with new management
problems (Poppink, 1994). We saw many teachers overwhelmed by the prospect of
adding new topics and activities to their already full curricula (Grant, 1994; Peterson,
1990). Findings suggest that, as in achieving any new purpose, accomplishing
instructional change will require learning on the part of educators (Ball, 1994; Cohen &
Barnes, 1993; Sarason, 1982).1

The need for new learning is particularly poignant in the case of the reform in
mathematics education because many of the ideas of the reforms are foreign to teachers,
as well as the bulk of the American population. The reforms call for shifts away from
skills that have been the foundation of the elementary curriculum and greater focus on

conceptual understanding, reasoning, problem solving, and communicating. Having

1Actually, teachers are not the only participants in the educational process who require
learning if the current reform agenda is to be successful and long-lasting. The learning of policy
makers, administrators, parents, and students can play a crucial role in making or breaking
teachers’ efforts to change.
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grown up in the same educational system they are now being asked to change, few

elementary teachers posses the mathematical tools or images to accomplish such shifts
in their teaching (Ball, 1994; Cohen, 1989; Heaton, 1994). Yet, we observed limited
opportunities for teachers to learn mathematics in the way envisioned by the NCTM
Standards. As is typical in education, most of the "learning” opportunities available to
teachers are in the form of workshops that supply them with an armful of activities to
take to their classrooms and implement. Even though these instances have not helped
teachers confront the conflicts described above, it is unclear what would assist them. In
other words, there is still a lot that we do not know about the types of learning apt to
lead to fundamental change (Ball, 1994).

My study grew out of these findings and concerns. In current efforts to change
mathematics instruction, as in previous ones, revised textbooks are expected to play a
central role. If they are to offer something to educational change, these texts must
contribute to teachers' learning and development. Bruner (1977) said: "If it [new
curriculum] cannot change, move, perturb, inform teachers, it will have no effect on those
whom they teach. It must be first and foremost a curriculum for teachers. If it has any
effect on pupils, it will have it by virtue of having had an effect on teachers" (p. xv). An
important question about the role of textbooks in mathematics education reform, then, is
in what ways might they contribute to teachers' learning? The answer to this question
depends on learning more about teachers' learning and on learning more about how
teachers use and interact with textbooks. Thus, the work on teachers and textbooks is a
second body of research that informed my study.

The Teacher-Text Relationship

The question of how teachers interact with and use textbooks is relatively new.
Until recently, textbooks were viewed as accurate representations of classroom
curriculum. In fact, historical studies of school curricula have relied heavily on textbooks

of the period to reconstruct the content of classroom practice (Walker, 1976). Implicit in
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this perspective is a view of the teacher as a conduit for curriculum, not a user or shaper
of it. This view is strikingly evident in the curriculum reform efforts of the late 1950s
and 1960s that developed in response to Cold War competition with the Soviet Union.
Mathematicians and mathematics educators wanted to determine the child's
instructional experiences through construction of textbooks that the teacher would
implement. The assumed focus of interaction was between the student and the
materials. Analyses of teachers' encounters with these materials have raised questions
about teachers' roles in mediating the impact these textbooks have on the curriculum.

Only since these curriculum reforms and their gross oversight regarding the role of
the teacher in enacting curriculum has the teacher's mediating power been recognized and
studied. The underlying assumptions about teachers and the capacity of textbooks to
revolutionize classroom instruction and their consequent failure to do so have prompted
commentators such as Sarason (1982) to question the possibility of "teacher-proof"
curriculum materials. Sarason observed teachers in training workshops as students and
as teachers using the "New Math"2 materials in their classrooms. He found struggles,
that is, students and teachers struggling to make sense of math foreign to them. He
posited a clash between ideals of the new materials and programmatic regularities about
what mathematics is and how students learn it. His articulation of this clash brought
the role of the teacher in textbook use and curriculum reform to the fore.

Stake and Easley (1978), examining the state of science education in the 1970s,
produced detailed case studies of mathematics and science classes using new curriculum
materials with similar insights. The case studies depict teachers making similar
adaptations to the written teacher's guides that fit traditional notions about the tasks of
teaching and the nature of the subject matter. In their observations, Stake and Easley

never observed mathematics or science being taught through inquiry which was the

2New Math is the term most frequently used in reference to the curriculum materials developed
by the School Mathematics Study Group (SMSG).
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curriculum developers' intent. The teachers they observed seemed intent on "covering the

text,” by marching the students rapidly through the "inquiry" process and presenting the
subject matter as facts that experts found to be true.

These studies opened the eyes of many to the role that teachers play in shaping
the curriculum experienced by students. For the most part, classrooms are no longer
seen as places in which teachers simply pass content to students who receive it. Other
researchers have since examined teaching and textbook use, providing insight into the
teacher-text relationship. This research, however, has not been extensive. Moreover,
considerable variation exists in the perspectives and foci researchers have taken,
resulting in incommensurable findings. I will discuss three foci taken by researchers in
studies of teachers' use of texts: factors that influence textbook use, the nature of
textbook use, and the characteristics of texts teachers use.

What Influences Teachers' Use of Textbooks?

One focus of research on textbooks is on factors that influence how teachers use
them. Researchers examine the perceptions held by teachers that figure in the choices
they make, including conceptions of knowledge, mathematics, learning, teaching,
contextual pressures, and the text itself.

Perceptions of external pressures. The Content Determinants Study, conducted
at the Institute for Research on Teaching (Floden, Porter, Schmidt, Freeman, & Schwille,
1980; Kuhs & Freeman, 1979) surveyed more than 60 teachers and observed and
interviewed seven upper elementary teachers over the period of a year in order to trace
factors that influenced substantive elements of the content of their mathematics
curriculum, that is, the topics and skills taught. They found that teachers' decisions
ultimately determined content and were shaped by their perceptions of pressures and
expectations brought on by testing, parents, or district policy, as well as by their

personal interests, commitments, and expertise. The Content Determinants Study did
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not address how mathematics was represented or the nature of the learning experiences

provided for students.
Ideas about the purpose of schools and the nature of learning. Stephens (1982)

and Donovan (1983) analyzed teachers using innovative curriculum materials grounded
in nonmainstream conceptions of mathematics. They focused on how teachers
presented the nature of mathematical knowledge. Stephens found that teachers
interpreted and transformed the intended curriculum, imposing a rigid and narrow
portrait of mathematics. Most teachers' instructional patterns focused on group
management rather than mathematics. Donovan described teachers subverting the
authority of exploration-based materials by relegating exploratory activities to an aide
and then giving them no emphasis in assessment. Both researchers drew on sociology of
knowledge and political theory to explain their findings by pointing to embedded
cultural assumptions about the role and purposes of school and the nature of learning.
In his analysis, Stephens posited that the authors of the materials

failed to challenge the traditions of existing schooling, or even to understand

what they were. The conceptions of work and knowledge which most teachers

brought to the implementation of [the curriculum materials] were embedded in a

management perspective of instruction where the focus of instruction was on the

efficient transmission of a fixed body of subject matter to the children who

comprised the classroom group. (p. 220)

The case studies written by Stake and Easley (1978) depict teachers making
similar adaptations to the written teacher's guides that fit their notions about the tasks
of teaching and the nature of the subject matter. Stake and Easley ascribed the
departures that teachers made from texts to concern for classroom control. Like
Stephens (1982) and Donovan (1983), Stake and Easley pointed to teachers' needs to
maintain classroom control as a powerful influence in teacher action. They raised
further questions about the relationship between teacher authority and control in the
classroom and the nature of knowledge such levels of control represent. These

questions have implications for the current reforms that emphasize the need for

students to have more authority over their knowledge and learning.
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Knowledge of and views about mathematics. Ball (1988) and Thompson (1984)

examined teachers' knowledge and beliefs about mathematics and they considered how
these beliefs contribute to classroom practice. Even though neither researcher focused
specifically on textbooks, their studies illustrate how subject-matter knowledge impacts
teachers' planning decisions. Their work stands apart from previous studies because
mathematics, rather than knowledge in general, played a central role in their analyses.
Believing that teachers' conceptions of knowledge are subject-matter specific, both
considered teachers' beliefs about the substance and nature of mathematics, linking
them to their ideas about teaching mathematics. Ball looked at the knowledge and
beliefs prospective teachers brought to their preservice education experiences within
four categories: (a) mathematics, (b) learners, (c) learning, and (d) teaching. She found
that these prospective teachers lacked conceptual knowledge of mathematical ideas,
viewing mathematics as a collection of isolated rules and procedures. When planning a
lesson to teach concepts such as two-digit subtraction, they generally selected
representations for their interest-grabbing appeal rather than their fit with the
conceptual underpinnings of the topic. She also found that these teachers thought little
about what students might think, understand, misunderstand, or find interesting. The
implication is that one can learn as much about the enacted curriculum from attending
to what teachers tend not to believe as well as what they do believe.

Thompson (1984) examined teachers' conceptions of mathematics with respect
to their instructional practices. From observations she wrote case studies of junior high
school geometry teachers, focusing on how they represented mathematics. Then she
compared these observations with each teacher's beliefs, views and preferences about
mathematics, as determined by a teacher-belief instrument. Her findings suggest
consistency between the teachers' "professed conceptions" and the conceptions of
mathematics portrayed in the classroom through instructional practices. Teachers, for

example, who viewed mathematics as a static body of knowledge presented the content
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as a finished product of rules and procedures to be memorized. Nevertheless, their

approaches varied according to their views on the interrelationship between topics and
how students learn. The teacher who held a dynamic view of mathematics engaged her
students in a "creative generative process” (p. 119).

In their observations of teachers using commonly used textbooks in mathematics
and social studies, Graybeal and Stodolsky (1987) found that the alterations teachers
made to mathematics textbooks tended to lean toward traditional conceptions of
mathematics, focusing on rote memorization of isolated facts rather than on
understanding concepts and application. Even though the textbooks used in these
classrooms tended to reflect many aspects of traditional mathematics, they all
contained opportunities for application and conceptual development that teachers
often omitted or restructured when using them.

Graybeal and Stodolsky's (1987) findings confirm Ball's (1988) and Thompson's
(1984) suspicion that the subject matter in question bears considerably on how teachers
use textbooks. They found that the major difference among subjects was "the extent to
which the textbook content represents the maximal content coverage” (Graybeal and
Stodolsky, 1987, p. 181). In general, teachers tended to supplement and complement
content in the social studies texts with other material and activities, whereas the
mathematics texts rarely were supplemented, and, if they were, it was most often with
additional practice. In a more recent study of teachers' use of textbook materials in
four subjects, Sosniak and Stodolsky (1993) found that the same teachers who tended
to enrich the textbooks' suggestions in reading and language arts tended to stick to the
student exercises in mathematics.

Researchers have found that teachers' subject-matter knowledge and beliefs
impact their textbook use in other subjects as well. For example, the teacher's view of
the subject and how it is learned influenced textbook use in reading and science. Smith
and Anderson (1984) and Roth and Anderson (1987) studied teachers using textbooks
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grounded in conceptual change theories of learning science. Their case studies of

teachers using curriculum materials revealed that the views teachers hold about learning
and the nature of science influenced how they guided their students through material in
science textbooks. They found that teachers' beliefs about learning impeded their
abilities to help students replace misconceptions with scientific conceptions presented
in the texts. Durkin (1983) linked teachers' views of reading with their undertreatment
of comprehension and overtreatment of skill development, which is contrary to
suggestions made in teacher's guides of basal readers. Similar to Stephens (1982) and
Stake and Easley (1978), Durkin found that classroom management and control were
powerful determinants of instructional activities selected by the teacher.

The above studies looked at how teachers' perceptions of knowledge, the subject,
learning, students, or external demands shape how teachers use texts. They focused on
the role teachers' perceptions play in the translation process of written materials to
classroom practice. The following studies also examined the impact of teachers'
perceptions on textbook use, but focused less on the curriculum as it is enacted and
more on the nature of the relationships the teachers form with the texts.

Teachers' perceptions of texts. Several studies have sought to understand how
teachers use texts by considering how they think about their textbooks. Unlike studies
that portray teachers as mediating or filtering agents for how written curriculum
materials become enacted, these imply that teachers hold beliefs about textbook use
and authority that shape how they use or ignore its offerings. As in previous studies,
this relationship is viewed as a function of teachers' beliefs and perceptions. By
focusing specifically on this relationship, these researchers have provided insight into
the role of teachers' thinking about texts in influencing textbook use.

Several researchers' have observed that teachers tend to relate to texts as
authorities (Duffy, Roehler, & Putnam, 1987; Remillard, 1991c; Stake & Easley, 1978;
Woodward & Elliot, 1990). Duffy et. al., hypothesizing that teacher decision making
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was impeded by prescriptive textbook following, instructed teachers to make decisions

about reading while using a mandated reading text. During the one-year program in
which they guided teachers in making intentional decisions about their textbook use,
student achievement increased. In spite of this evidence, teachers returned to
prescriptive use of the basals the following year. Duffy et al. concluded that the
teachers did not believe they were "empowered to be in cognitive control of their
instruction" (p. 361). Teachers tended to look to the teachers' guides as authorities,
believing that the authors "know more about it than I do" (p. 362).

In a study of a teacher using CSMP, I (Remillard, 1991c) observed a similar
entrusting of authority to the text’s authors that led to prescriptive following of the
teacher's guide. The teacher, trusting that the text was designed to develop student
understanding, attempted to follow the script in the teacher's guide precisely. In doing
so, she searched for correct answers and particular responses it suggested. Even though
the program was designed to stimulate interaction between the teacher and students,
relying heavily on student ideas and solutions, this teacher's strict focus on following
the script in the text restricted her from hearing and responding to the varied content of
student responses.

An interesting pattern in the findings of studies of teachers who view texts as
authorities is that their prescriptive approaches to following the teacher's guide tended
to lead them to treat ideas, suggestions, and guidance as steps to "get through."
Furthermore, the conviction that they needed to "cover the content" and their views of
what this meant limited the options they had available in practice, which is particularly
evident in the studies by Stake and Easley (1978) and Remillard (1991c). Both studies
described teachers moving students quickly through activities and problems designed to
facilitate inquiry and discovery. In other words, when attempting to follow the text,
these teachers constructed their own practices that could be viewed as antithetical to

the authors' intentions.
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At the opposite extreme of teachers who tended to rely heavily on textbooks,

seeing them as subject-matter authorities are those who reject texts indiscriminately. In
a longitudinal study of two teacher preparation programs, Ball and Feiman-Nemser
(1988) found that prospective teachers developed negative impressions of textbooks
and teacher's guides. Both programs aimed to encourage novice teachers to maintain
control over their instruction, leading them to reject any authority of the text. The
implicit message received from instructors was that good teachers did not follow the
textbooks but created their own lessons and materials. Doing so presented problems
for student teachers when teaching in classrooms in which textbooks were central to
instruction. The prospective teachers, lacking the knowledge and experience needed to
develop their own curriculum, relied prescriptively on activities introduced in their
methods courses as teachers in previous studies relied on texts. Ball and Feiman-
Nemser described poorly constructed lessons based on shallow understandings of the
subject matter. They also described how one student teacher's understanding of place
value was enriched through careful following of a teacher's guide. For this student, the
teacher's guide had been a last resort. She turned to it after the lesson she designed had
failed. The authors have called for greater emphasis in teacher education on helping
students to use texts discriminately, rather than to reject them indiscriminately. Ina
study of preservice teachers in secondary mathematics, Bush (1986) made similar
recommendations: "A better understanding of texts and their roles, capabilities, and
limitations might enable preservice teachers to make better decisions" (p. 28).

When examined side-by-side, these studies provide important insights into
teachers' perceptions of themselves in relation to the textbooks they use. These
perceptions are likely to figure significantly in understanding the ways that teachers use
textbooks.

Missing pieces. These studies focused on how teachers mediate their textbook

use. They had suggested that teachers shape the written text and interpret the authors'
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intentions through their beliefs about knowledge, the subject matter, learning, and the

texts themselves. One implication is that much of the shaping results from
misinterpretation or revision.

Two important factors are often left out when studies take this perspective.
Even though each is mentioned once, the focus on teachers as "shapers" limits
examination of how teachers might be shaped by their texts or of factors other than
teachers that influence how curriculum is enacted. First of these is the role of the
student in shaping the enacted curriculum. In my study of a teacher using CSMP
(Remillard. 1991c), I found that students significantly shaped the discourse and
influenced how the teacher responded. The enacted curriculum was constructed by
student-and-teacher interactions around particular problems or tasks. The teacher in
the study was using a scripted lesson format that placed student ideas and solutions
central to each lesson. Student ideas that did not follow suggestions in the lesson led
the teacher to call upon her understanding of the task in order to bring the class back to
the script.

Also undertreated in these studies are the ways in which teachers might learn
from, or be transformed by, the textbooks or teacher's guides. Ball and Feiman-Nemser
(1988) described a student teacher broadening her conceptual understanding of place
value by relying heavily on the class textbook. Researchers examining the relationship
between a state-level mathematics policy and practice in elementary classroom in
California also found instances in which textbook changes had altering effects on
teachers' practices and beliefs about mathematics teaching and learning. Wiemers-
Jennings (1990) related an account of a teacher discovering the value of having students
draw fractions, and Remillard (1992) told of a teacher who found that his students
were applying estimation strategies to assess the reasonableness of their answers.

These teachers had reluctantly followed textbook suggestions when having students
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draw fractions or use estimation. Such accounts of teachers learning new practices

from texts occur infrequently in the literature.
The studies described above focus on factors that influence teachers' mediation
of textbook use. However, they do not clarify what it means to "use" a textbook. In the

following section, I examine the range of perspectives on textbook use that is implicit in

the literature.
Characterizing "Use".

From the studies already described, it is evident that what it means to "use" or
"follow" a textbook is thought about differently. Floden et al. (1980) and Bush (1986),
focusing on topics and skills, attended to the content of the curriculum in characterizing
textbook use. Bush, for example, described preservice teachers following the text
closely, but the transcripts he provided referred to topic selection only. These student
teachers claim to "pick out the topics they [the text] want to talk about, then I explain it
freehand on the board” (p. 25). Some researchers have examined student activities and
classroom formats in their discussion of textbook use (Durkin, 1983; Graybeal &
Stodolsky, 1987). Others have considered how the subject is presented and
represented, as well as the pedagogical and epistemological assumptions that underlie
its presentation (Ball, 1988; Stephens, 1982; Thompson, 1984). These differences in
what researchers looked at reflect different conceptions of classroom practice and the
subject matter. They also limit comparisons across findings.

Another related dimension that researchers discuss is the degree of fidelity
between written and enacted curriculum. 1 grouped the following studies according to
the researchers’ stances on possible relationships between written texts and enacted
curriculum. The studies were selected as examples of each perspective rather than as
an exhaustive list. The first group of studies were based on the assumption that
textbooks are fixed, embodying discernible and complete images of practice. A second

group takes classroom practice, rather than the text, as the starting point for analysis
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and views textbooks as influencing the construction of practice. Researchers in this

group do not assume that fidelity between texts and practice is possible. A third
group focuses on the teacher and asks how the teacher is making sense of the text. As
the following discussion illustrates, researchers' initial perspectives influence their
findings.

Use as following or subverting. Many studies of textbook use take the text as the
starting point and consider the degree to which teachers followed or subverted it. An
underlying assumption of many of these studies is that complete uniformity between
the written and enacted curriculum might be possible under ideal conditions. Thus,
these researchers have concerned themselves with how to bring about greater clarity on
the part of the written curriculum and closer guidance for the teacher in using it. These
concerns are relevant because of the ubiquitousness of textbook use and the tendency to
see them as potential vehicles for change. These studies could help one understand
how teachers might learn to follow and learn from written curriculum.

Freeman and Porter (1989) found that teachers' use of textbooks varied
according to subject matter, and it was influenced by the teachers' views of the text as a
content authority, their convictions about what should be taught, and their knowledge
of the subject matter. They argued that the conviction that textbooks determine the
curriculum is grounded in " a narrow view of teacher decision making" (p. 404) because
it assumes that a teacher's guide can address all facets of the decisions teachers make.
If textbooks are to have greater influence on classroom content, Freeman and Porter
suggested that teachers be given strong incentives or sanctions to follow their texts, as
well as specific guidance regarding how they are to be used. Freeman and Porter
claimed that textbooks are relatively silent on content decisions such as time allotted to
mathematics or each topic taught, how students should be grouped for instruction,
what and in what ways topics should be presented, and standards of achievement.

Therefore, in order for textbooks to dictate content, they must address these concerns
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unambiguously. This final point seems reasonable, but it ignores the power of their own

findings regarding variation in textbook use. How addressing the above decision will
contribute to the uniformity of teachers' views, convictions, and knowledge is left
unclear. Furthermore, their claims about the areas in which texts are silent seem
unsubstantiated by recent textbook analyses (Graybeal & Stodolsky, 1987; Remillard,
1991a, 1991b).

Stephens' (1982) study also depicted the teacher's use of a written curriculum as
translation or transformation. His study of teachers using a developmentally focused
mathematics program designed to link pedagogical, psychological, and mathematical
perspectives of appropriate mathematical knowledge, describes a mismatch between
author intentions and teacher enaction. Similar to Sarason's (1982) conclusions, he
ascribed this incongruence between the epistemological assumptions underlying
program goals and how teachers tended to carry them out to the authors' failure to be
aware of, or to challenge, the traditions inherent in schools. The program was intended
to "transform the teaching and learning of mathematics in the elementary school" (p.
220). In order to do so, Stephens claimed that the authors needed to address this
fundamental conflict.

Komoski (1977) looked to school officials, rather than text authors, to guide
teachers in their use of texts. He claimed that unless schools are committed to assisting
teachers to use newly selected textbooks that what is "ultimately practiced in the
classroom will end up quite different from the curriculum described by the curriculum
office” (p. 46). In other words, following the text and making the curriculum
experienced in the classroom as close to the written curriculum as possible can be
achieved through careful attention and guidance.

Use as incorporating. By looking first at the classroom, rather than the text,
some researchers have described use as ways in which teachers draw upon and

incorporate texts into their instruction. They view texts as one of the many resources
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that teachers use in constructing practices. Researchers who take this perspective aim

to understand what influences the choices teachers make and how they are played out
in the classroom.

Many teachers consider themselves "textbook dependent” and describe
themselves as relying heavily on their textbooks in planning and teaching. One might
believe that this would imply a close match between the text and instruction.
Woodward and Elliot (1990), however, reminded us that the term "dependence” is
misleading. We should not interpret it to indicate that the teacher follows the plans in
the book word-for-word. In earlier studies that tended to focus more heavily on
mathematical topics and skills than on pedagogy and student activities, relying on the
text to determine topics, while designing one's own instruction, was seen as following
the book. As researchers' views of teaching have become more complex, recognizing the
connections between what is being taught and how it is taught, they have given greater
attention to other aspects of teaching than actual topics. Nevertheless, many of these
studies have focused on the text as unambiguous and have asked if it is being followed.
There are still relatively few studies that look carefully at how teachers use textbooks
as resources in their practice.

McCutcheon's (1981) ethnographic study of teacher planning examined, among
other factors, how textbooks influenced their planning decisions. By following topics
found in texts, teachers allowed a number of pedagogical and logistical concerns to
shape how they would teach them. These concerns varied from classroom control, to
available materials, to students' prior experiences. Knowledge, attitudes, and
perceptions of the context also weighed heavily in these teachers' reasoning.
McCutcheon claimed that teachers tended to transform program recommendations into
lessons that they believed they could engineer in the classroom. Other examples of such

adherence to textbook topics, but transformation of pedagogical recommendations, can
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be found in Graybeal and Stodolsky's (1987) study of mathematics and social studies

and Bush's (1986) study of preservice teachers.

Use as interpretation. A final stance that researchers occasionally take is to
focus on the teacher as interpreter of the written curriculum. This perspective assumes
that fidelity between written words in a teacher's guide and classroom action is
impossible. Similar to the other perspectives discussed, this view assumes that
teachers' beliefs and perceptions shape the way they interpret their textbooks. This
perspective, however, does not assume that the written text has one meaning. Through
using them, teachers interpret the intentions of the authors.

The EPPS study took this perspective with respect to textbooks, as well as
policy documents. The documents were written in general, visionary language and are
incomplete regarding specific intent for classroom practice. Many of the teachers
involved in this study were using newly adopted textbooks that presented their
interpretation of the policy. The teachers also learned of the state's efforts through a
variety of channels, each providing an image of the state-level policy and expectations
for instruction from a slightly different angle. Teachers brought to their textbooks a
variety of perceptions about the policy, mathematics, and teaching and learning in their
particular classroom. These perceptions shaped how the topics, recommendations,
skills, and examples in the teacher's guide translated from written words into classroom
practice.

Another area calling for more clarity in the discussion of textbook use involves
the nature and characteristics of textbooks. Up to this point, I have focused on
understanding the perceptions that teachers bring to their textbook use but have not
focused on the role of the textbook in this process. Turning to this question can

broaden one's perspective of the relationship between written and enacted curriculum.
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Characteristics of Texts Teachers Use

Textbooks are talked about generically; however, analyses of traditional and
innovative textbooks reveal variation among them (Graybeal and Stodolsky, 1987;
Remillard, 1991b). Consequently, to say that a teacher follows, transforms, draws
upon, or interprets a text, without some image of which part of the text, provides only
partial information about the nature of the teacher's textbook use. Thus, the question of
how researchers characterize texts, that is, what they consist of, needs to be explored.
Doing so I will develop a clearer understanding of what teachers confront in their
interactions with texts and will create a context for talking about the differences among
textbook offerings at all levels, not just between traditional and innovative.

Several researchers, whose work I have discussed, have looked specifically at the
different components of textbook offerings and have characterized how teachers treat
each. In this section, I consider frameworks used by Freeman and Porter (1989) and
Stodolsky (1989).

Stodolsky (1989) used three broad categories to describe major chunks of the
four textbooks she and her colleague observed teachers use: (a) topics, (b) student
pages, and (c) teacher suggestions. Even though the six teachers they studied varied
considerably in their overall use, they found several points of agreement in relation to
these categories. The greatest amount of agreement was in their adherence to the topics
in the textbook, although the sequencing of these topics was not consistent. There was
little consistency between the suggested activities in the teacher's guide and the actual
classroom practice; most teachers made significant departures from the suggestions in
their guides. In general, teachers readily dispensed with manipulative activities and
suggestions for enrichment. In regards to the student pages, four of the six teachers
used them regularly but supplemented them with problems and activities from other
sources. In summary, it seems that teachers were most likely to use the topics and

exercises that appeared on the students' pages and felt freer to omit or revise
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suggestions in their guides. These categories are helpful in revealing patterns in teachers'

use of specific parts of textbooks. Nevertheless, they focus on structural features of the
texts, i.e., where things are located, rather than substantive elements, thus offering
limited insight into how different types of student exercises or topics are treated.

Freeman and Porter (1989) used five categories, thus providing additional details
about the nature of the items in each. Their findings are similar to Stodolsky's (1989).
The most commonly used portion of the textbooks was the student exercises (92%).
Eighty-six percent of the review sections, 73% of the teacher directives, and 56% of the
enrichment sections were used. The sections in the textbooks used the least were those
that provided additional practice (23%). What we do not gather from these statistics
is whether similarities exist in the nature of the 8% of student exercises and 14% of
review sections not used.

In both cases, attempts to provide greater detail about the nature of teachers'
textbook use by focusing on particular characteristics of texts help to make the picture
more complex. Various characteristics of the text actually shape whether the teachers
use them. A component that these studies are missing, however, is the teacher's
perspective. Much can be learned from teachers about why they made the selections
they did. In addition, these studies do not contribute to one's understanding of how the
teacher used these components.

Textbooks as Reform Levers
In the face of the evidence we have about variations in teachers' textbook use, it
is ironic that they continue to be the primary means to guide and leverage instructional
reform. Districts throughout the nation are turning to the newly revised textbooks in the
commercial market. With the help of many federal and private dollars, a number of
mathematics educators are in the process of developing alternative curriculum materials.
Given the presence of textbooks in American classrooms (Komoski, 1977), this is not a

surprising approach. Nevertheless, some of the findings that I just discussed suggest
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that merely giving teachers a particular text does not ensure the type of classroom

practice that will result. This seems to be the case particularly when teachers are using
texts designed to present a nonconventional view of mathematics. Seven of the studies
described earlier (Donovan, 1983; Remillard, 1991c, 1992; Sarason, 1982; Stake &
Easley, 1978; Stephens, 1982; Wiemers-Jennings, 1990) were of teachers using texts
revised in response to a reform or, by design, nonconventional. In all but two of these
cases, the researchers reported instances in which teachers had difficulty with, or
significantly altered, suggestions in the text. In the other two cases (Remillard, 1992;
Wiemers-Jennings, 1990), the teachers tried new suggestions and came away with new
pedagogical insights. These two cases of change involved textbooks published by
commercial publishers, which were not substantially different from the mainstream. It is
possible that the familiarity of the text plays a role in teachers' willingness to use it,
although this is a question requiring further exploration.

Some researchers might argue that making the teacher-text relationship the
central factor in analysis oversimplifies the picture of textbooks in teaching. Sosniak
and Stodolsky (1993) studied elementary teachers' use of textbooks in four subjects.
The patterns of textbook use observed were inconsistent across teachers and school
subjects. Teachers did not see them as "blueprints” or "driving forces." Rather, they
viewed them as "props in the service of managing larger agendas” (p. 271). This finding
suggests that we need to understand teachers' larger agendas and the role the textbook
plays in them. This perspective makes the teachers' relationship with the curriculum
central and views the textbook as one of many tools. These findings suggest a need for
understanding teachers' larger curricular agendas and the role the textbook plays in
them.

The Teacher and Curriculum Relationship

The studies described above have focused on the relationship between teachers

and textbooks, placing the curriculum in the background. Other researchers have
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studied classroom practice by examining how teachers construct or enact curriculum in

their classrooms. This research includes how they draw on various resources, including
textbooks, and assumes that the process necessarily involves interpreting the meanings
and intents of these resources (Doyle, 1993). Implicit in studies of teachers' curriculum
processes is a view that the curriculum is more than what is captured in official policy
documents or textbooks. In order to distinguish among the various representations of
curriculum, theorists have delineated categories to describe them. Formal (Doyle, 1992)
or planned curriculum (Gehrke, Knapp, & Sirotnik, 1992), for example, refers to the
goals and activities outlined by school policies or designed in textbooks. The intended
curriculum refers to teachers' aims, whereas the enacted or experienced curriculum refers
to what actually takes place in the classroom (Gehrke et al., 1992). These meanings are
relevant to my research because examining the role that a textbook played in classroom
practice involved looking at the relationship between the planned curriculum and that
enacted by the teacher.

The enacted curriculum has been of recent interest to researchers because it
acknowledges the role of teachers in creating curriculum (Connelly & Clandinin, 1986;
Cornbleth, 1988; Posner 1988; Snyder, Bolin, & Zumwalt, 1992). It also changes the
focus of research from the "remote control” of teaching to teachers' curriculum processes
(Doyle, 1993). From this perspective, studying the role of textbooks in teachers'
mathematics teaching involves studying teacher's processes of constructing the enacted
curriculum and the role that resources, like the text, play in it.

This view of the process of curriculum construction through the in-action
thoughts and activities of teachers is based on two related assumptions about the
meaning of curriculum and its relationship to teaching. First, it assumes an integration of
two aspects of teaching conventionally treated as distinct: curriculum and instruction
(Clandinin & Connelly, 1992). Rather than defining curriculum as the educational

objectives or the what of teaching, and instruction as the how, this view assumes that
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the how and the what, the means and the ends, are inextricably linked. Second, this

view of curriculum and curriculum development assumes that the teacher is an active
creator of curriculum, rather than a transmitter or implementor of it. Some view teachers
as deliverers of curriculum (Venenzkey, 1992), that is, conduits between intended
learning goals and students. My view is that teachers, through their work, contribute
substantially to the construction of curriculum (Clandinin & Connelly, 1992).

Research on policy and practice and teachers' relationships with textbooks
motivated the design and initial question of my study. Research on teachers' curriculum
processes became crucial during my analysis as it became increasingly evident that
studying how teachers make sense of and use a reform-oriented mathematics textbook
involved studying teachers' curriculum construction. This domain of research broadened
my perspective on what I was studying by bringing the enacted curriculum to the fore. In
the remainder of this chapter, I describe my study and its relevance to mathematics and
teacher education.

A Study of Teachers, Textbooks, and Curriculum
in the Context of Reform

In this study I examined two teachers using a new textbook for the first time.

The overarching research question was:

What factors influence how elementary teachers makes sense

of a reform-oriented mathematics textbook during its first year

of use?
My aim was to explore issues in teachers' textbook use by examining the relationships
two teachers develop with their texts, factors that contribute to the relationships, and
how they are enacted in classroom practice. This study builds on the research discussed
above on teachers' use of textbooks. These studies confirm the variation in textbook use,
suggesting that factors such as the teachers' orientations and beliefs, ideas embraced in
their textbooks, and contexts in which they teach significantly influence their interactions

with the text. Yet, they provide little detail about the nature of these interactions and

how they figure in the curriculum construction process. These details, however, are
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crucial to understanding whether and how textbooks can contribute to change in

mathematics teaching. Thus, I used case study methodology to investigate the
interactive relationships between a new mathematics textbook and teachers' thinking
about, and teaching of, mathematics. Because the textbook proposed nontraditional
approaches to teaching and learning mathematics, I was particularly interested in the
potential for this relationship to promote learning and change in the teachers. In the
following sections I discuss key assumptions underlying the study's design.
Sense-Making and the Factors That Influence It

I refer to the process through which teachers became familiar with, related to,
and came to use their textbooks as making sense. Embedded in my use of this term are
the assumptions that sense-making is a necessary part of using a textbook and that
there are multiple ways to make sense of a single textbook. Sense-making takes the form
of cognitive acts of constructing meaning and actual actions taken in practice with
respect to the text or students. For example, how teachers interpret the purpose of the
contents of their textbooks and how the contents of the text influence their ideas about
math are two cognitive features of sense-making. Closely related are other features that
are more directly observable in their practice or actions such as what parts of the text
they read and how they read them, as well as how they translate them into tasks to
pose to students.

Understanding sense making is crucial to understanding the relationships
between textbooks and practice because it is the sense that a teacher makes of the text
that mediates its role in thinking and practice. This study was designed to inquire about
the nature and process of sense-making; to reveal how it is impacted by various
characteristics of the text, teachers, and context; and to understand how the sense
teachers makes is reflected in their teaching practices. In order to develop a more

elaborate understanding of the process of sense-making in the context of using a new
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mathematics textbook, I examined how various characteristics of the text, context, and

individual teachers influenced this process.
Textbook

Freeman and Porter's (1989) and Stodolsky's (1989) research suggested that
teachers drew differently from various parts of their mathematics texts. My aim was to
extend this work by providing a detailed picture of the text in use and how the teachers
interacted with it. This piece of the study was particularly important for two related
reasons. First, it did not treat the text as generic or internally consistent. Teachers might
respond differently to different aspects of the text. Furthermore, because it had been
revised to reflect reform-related ideas, teachers were likely to encounter unfamiliar
aspects of the text. Understanding how teachers make sense of unfamiliar
characteristics in a text is crucial to speculating on the role that changed texts might play
in mathematics education reform. Second, the above understanding also can contribute
to the work of those developing reform-oriented curriculum materials. Characteristics
likely to be relevant include format, content selection, sequencing, and presentation, as
well as the ways in which these are made accessible to the teacher.
Context

The context in which teachers used these new materials was complex, including
the ethos, expectations, opportunities, and relationships in the district and particular
schools. It also included characteristics of the teachers' particular circumstances such as
opportunities they had to interact with others regarding mathematics teaching, the type
of support and/or pressures they experienced from colleagues, superiors, or parents,
and their ongoing experiences with the text, as well as students. The context also
included the national reform movement.
Teacher

Characteristics that individual teachers brought to their use of the textbook

significantly influenced the sense-making process. Drawing on previous research on



33
teaching, I examined the beliefs and ideas that teachers brought to their teaching about

mathematics, teaching, learning, students, purposes of school, and themselves as
teachers and users of textbooks.
Teachers as Curriculum Developers

As explained earlier, my analyses of the teachers' interactions with the text
focused on the role it played in their curriculum enactment activities. In Chapter Six, I
refer to this as the teacher's role in curriculum development. This term generally is used
to refer to those who write textbooks or materials designed to guide teachers in teaching,
but I also use it to refer to teachers in the process of developing the enacted curriculum.
My aim was to emphasize that the curriculum development process does not stop when
textbooks are printed; rather, it continues with the teacher in the classroom. My choice
of this term also was influenced by Ben-Peretz (1990), who labeled the alterations,
interpretations, and adaptations that teachers impose on textbook offerings as the
teacher's role in curriculum development.

The Importance of Cases

In this study I relied on case-study methodology to analyze and present data.
This choice was more than methodological; it was related to the object of study (Stake,
1978). Case studies allow researchers and readers to examine a "bounded system"
(Smith, 1978) in its rich detail and complexity. My aim was to capture and study the
complexity and detail of teachers' encounters with a new textbook. Thus, the case
studies I developed present interpretive stories of teachers' experiences.

Researchers have used case studies effectively to illustrate how teachers make
sense of reform initiatives because they offer rich portraits of classroom practice that
illustrate important issues (Cohen & Ball, 1990; Prawat, Remillard, Putnam, & Heaton,
1992; Stake & Easley, 1978). Even though cases do not offer grand generalizations
across situations or teachers, they suggest themes, areas of significance, or problematic

circumstances to researchers and readers. Often a single case can establish limits to
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generalization or suggest alternative interpretations. Furthermore, comparative analyses

of cases can suggest new issues or pose problems not evident in a single case.

The cases and cross-case analysis in the chapters that follow represent much of
the process of my analysis as well as the product. The act of developing cases was a
crucial analytical tool. In Chapter 2 I delineate this methodological process in greater
detail. In Chapter 3 I present a description and analysis of the textbook used by both
teachers in the study. Chapters 4 and 5 present case studies of the teachers' encounters
with the text. In Chapter 6, I offer a comparative analysis of the two cases. Finally,
chapter 7 presents conclusions and implications of the findings.

Educational Significance

The findings of this study have the potential to inform the work of three groups:
(a) textbook authors, (b) policy makers and implementors, and (c) teacher educators.
My hope is that it speaks to textbook authors who aim to communicate with teachers
through their texts. My findings contribute to a deeper understanding of how and why
teachers respond to specific characteristics of a reform-oriented text and what this
implies for their teaching. They also provide details on which aspects of the text
actually contributed to teachers' curriculum development.

Understanding the relationships between teachers, the text, and the curriculum is
only a piece of the puzzle. Even though carefully designed textbooks may contribute to
changes in teacher thinking and practices, a teacher's use of any textbook also is
influenced by other factors. My findings point to particular factors significant in how
teachers use texts. Thus, they speak to school-, district-, and state-level policy makers
interested in fostering changes in the way mathematics is taught.

Finally, this study speaks to teacher educators and staff developers. My interest
in how teachers learn from using texts grows out of my belief that textbooks can be tools
for learning about teaching and mathematics—not just teaching guides. Nevertheless,

teachers may seldom think of their texts as this type of resource. In some cases, good
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teaching is defined, in part, by the degree to which a teacher moves away from her

textbook (Ball & Feiman-Nemser, 1988). Ball and Feiman-Nemser suggest that teacher
educators should play a significant role in helping prospective teachers learn to use
textbooks as foundations for further learning: "Beginning teachers must be oriented
toward learning from teacher's guides and other curriculum materials, so that they can
move toward being able to build their own units of study that are responsible to subject
matter goals and responsive to their students" (p. 338). As a teacher educator,
articulating ways that prospective and practicing teachers can learn from reform-

oriented textbooks has been an important part of my work.



CHAPTER TWO

DESCRIPTION OF METHODOLOGY AND RESEARCH PROCEDURES

Methodological Overview

In this study, I examined two contrasting cases of teachers during their first year
of using a new textbook. Focusing on two teachers enabled me to undertake in-depth
investigations of each teacher's process of making sense of the textbook, while also
allowing for contrasts to emerge. Empirical work for this study was based on
observations and interviews of the two teachers throughout the year, content of the HBJ
textbook, and other classroom artifacts. My interest in understanding and articulating
the relationships that emerged among the teacher, the textbook , and the curriculum led
me to employ a phenomenological approach to inquiry in which interpretation was
central (Patton, 1990). This perspective examines the essence of people's experiences and
how they make sense of them. My aim was to describe, explain, and compare the
teachers' experiences teaching mathematics and using the textbook. Thus, I designed the
interviews to probe their teaching decisions and experiences with the textbook, as well
as the factors that influenced them. The observations provided images of their teaching
and interactions with the text that I later explored through interviews. My examination
of the textbook provided another lens through which to observe and interview the
teachers. In this way, these three sources of data collection served to inform one another
and allowed me to cross-check and validate my findings (Patton, 1990). Because I was
interested in what the teachers brought to their interactions with the textbook, the first
interview also focused on their personal histories related to teaching and learning

mathematics and their beliefs, conceptions, views, and knowledge about these areas.
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In order to look at the two teachers comparatively, I used case studies to analyze,

interpret, and display my findings for each teacher and then to make comparisons across
them. Case studies aim to describe the unit of analysis in depth, with detail, and in
context (Stake, 1978). In this study, the unit of analysis was the teacher's curriculum
construction and the text's role in it. Patton (1990) argued that case studies are
particularly valuable when trying to capture "individual differences or unique variations
from one program setting to another, or from one program experience to another" (p.
54). With this in mind, I followed the writing of the two cases with a cross-case analysis
in which I examined themes that cut across both and then used the individual cases to
explain differences within these themes.

In this chapter I describe my research procedures. I explain my sample selection
and methods of data collection and analysis. Ialso describe the process of analyzing
across the two cases from which my central findings emerged.

Methodological Procedures
Sample Selection
Site Selection

This study was part of a longitudinal investigation of the relationship between
policy and practice in mathematics and reading instruction in three states. Project
researchers selected several districts in each state from which to draw schools. The
Mapleton School District was one of Michigan's districts participating in this study and
one of the 10 largest in the state; it included 37 elementary schools. Like many districts,
Mabpleton was struggling financially. Prior to the beginning of this study, the district
was faced with cutting $7 million from its budget in order to comply with the state
mandate that all school districts operate within a balanced budget.

The district was situated in a midsize, urban city of approximately one quarter
million people. The city's residents were primarily working class but also included a
low-income population. One third of the families in the district lived in poverty.
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Approximately one third of the students were African American, one tenth were

Hispanic American, approximately one half were Anglo American, and a small
percentage were Asian American. In 1970, the district introduced a bussing program in
response to a court-ordered desegregation mandate.

I selected the Mapleton District because it recently had adopted a new
mathematics textbook with the intent of aligning mathematics instruction in the district
more closely to current national and statewide reforms. During the 1991-92 school year,
four newly published texts were piloted by several elementary teachers at each grade
level throughout the district. After much deliberation, Mathematics Plus was selected.
The district also made the commitment to purchase the manipulatives called for in the
text. These included classroom sets of materials such as base-ten blocks, pattern blocks,
and counters. The district math coordinator was committed not only to adopt a textbook
that could move math instruction toward change but also to make the needed supplies
readily accessible. It also is worth noting that during the deliberations over how to
reduce the district budget that the teachers' union lobbied vigorously to drop the
purchase of new texts. Led by the math coordinator, the district math committee pushed
the selection and purchase forward. This resistance and the fact that the district was not
deterred from proceeding with the adoption reveal general tensions in the distract
surrounding the issue of change in mathematics instruction. The union's efforts to stop
the purchase of the text may not have been an instance of explicit resistance. In the wake
of harsh budget cuts, it appeared just as likely that they did not see the new math text as
a priority.

Teacher Selection

I selected one fourth-grade teacher from each of two schools in the Mapleton

School District. Even though it was not part of the design, both were Anglo American

women and veteran teachers of approximately 30 years; both had spent most of those
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years in the Mapleton School District. Other than these factors, the two teachers were

markedly different.

Jackie Yarnell taught at Kipling Elementary School. The school was located in a
predominantly Anglo American, working-class neighborhood, yet served an
economically and socially diverse range of students. These students came from three
distinct communities. Two thirds of the children were bussed to Kipling from the inner
city or a nearby trailer park, and the other third came from the surrounding
neighborhoods.

Kipling was unique in that it had recently become a Professional Development
School (PDS), associated with a nearby school of education. This association had
initiated a range of contacts with university educators, making professional growth
opportunities a central focus of the school. Thus, there were explicit attempts to foster
an environment in the school that supported teachers' ongoing professional
development. Jackie was an active participant in several PDS activities, one of which
related to math.

Catherine McKeen taught at McKinley Elementary School, one of the schools
participating in the Educational Policy and Practice Study. The school was located in a
middle-class, predominantly Anglo American neighborhood, bussing one third of its
students from a low-income area not far from the school. Unlike Kipling, McKinley did
not have an explicit focus on professional development. The school provided few
formal opportunities for teachers to interact around teaching issues. Catherine
participated in few professional development activities.

The differences between the teachers and their school settings allowed me to
examine how these characteristics played out in the teacher's use of her new textbook.
By holding the district, grade level, amount of teaching experience, and textbook

constant, I was able to focus on the differing ways the teachers' personal characteristics
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such as beliefs and knowledge of the subject matter, teaching and learning, and students,

and the differing school contexts contributed to their use of the textbook.

Data Collection

Classroom observations and interviews formed the corpus of data for this study.
During three rounds of data collection distributed throughout the school year, I
observed, took field notes, collected documents, and interviewed the teachers about
their mathematics teaching and how they used the textbook. In addition, I collected data
about district and school policies as well as activities related to the textbook and its
adoption. Ialso conducted a document analysis of the HB] textbook. Below I describe
my schedule for data collection and the instruments used to collect data.

Schedule

I collected data in three rounds that spanned the 1992-93 school year. These
rounds varied for each teacher according to circumstances in her work. The first round
in the fall included four weekly observations; each was followed by an interview. Prior
to the first observation, I carried out a structured baseline interview aimed at probing
each teacher's personal mathematical history, beliefs, and knowledge. The post-
observation interviews were semistructured; that is, they were flexible and responsive to
the lessons I observed. I asked questions such as, "How do you think the lesson went?"
and "What did you want the students to learn with that activity?" I also asked them to
talk about the role the textbook played in their lessons and planning. The lessons I
observed served as instances around which the teacher and I had conversations about
her use of the new textbook.

The second round of data collection in the winter was much shorter. I observed
Catherine three times and Jackie once.! Again, I followed each observation with a

semistructured interview.

ljackie had a student teacher during the winter who taught mathematics almost daily.
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The final round of data collection occurred in mid spring. I observed each

teacher daily during the first two weeks of a unit on fractions. The purpose of this
round of data collection was to examine how each teacher developed a mathematical
topic over a period of time. I was interested in her understanding of, and ideas about,
the mathematical topic, whether these changed, and the text's role in both. I selected
fractions as the topic to observe because it has a broad conceptual base but is taught
procedurally in schools (Behr, Harel, Post, & Lesh, 1992). Given the current emphasis on
conceptually based instruction, I believed it was likely that the approach to teaching
fractions in the text would be unfamiliar. Ialso expected that it would provide an
opportunity to gather data informally on the teachers' subject matter understandings. I
interviewed each teacher once each week during this period. My goal was to learn
whether her thinking about fractions had changed from the previous year and how her
teaching of it had taken shape.

I also interviewed each teacher at length after the school year was over, using a
more structured interview. My primary focus was on each teacher's perspective on
using the textbook after a year. Figure 2.1 summarizes the times and purposes of the

rounds of data collection.

Data collection Dates Purpose of collection Extent
round round
Round I Jackie—September To collect Initial baseline
and October background and interview; four
baseline data and classroom
Catherine—-October, | data on initial observations and
November, December | textbook use follow-up interviews.
1992
Round II February and March, | To collect data on Classroom
1993 teaching mid-year observations and
follow-up interviews
Round III April and June, 1993 | To collect data on the | Daily observations
instruction of one and weekly
complete topic; interviews; end-of-
follow-up atend of | year interview
year

Figure 2.1 Summary of rounds of data collection
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Description of Instruments
The instruments consisted of interviews and observation guides that developed

recursively as the study proceeded. I began with interview protocols adapted from the
EPPS study. These protocols had been developed and revised during the four years of
the project. Each round of data collection and subsequent analysis led me to adjust and
further refine the instruments. These changes consisted primarily of adding questions in
order to obtain information on issues or patterns that emerged in the teacher's talk or
teaching. Samples of the following interviews can be found in Appendix A. All
interviews were audiotaped and later transcribed.

Baseline interview. This structured interview consisted of two parts. Part I was
designed to explore the teacher's personal history with respect to mathematics, including
her memories of her experiences as a student, as well as what she recalled about
teaching math. Part Il was designed to gather background information about the
teacher's initial thinking about and experience with textbooks and teaching mathematics.
Many of the questions on this interviews were adapted from and instrument used by
Ball (1988) in a study of prospective teachers' knowledge and beliefs.

End-of-year interview. This structured interview was designed to collect data on
the teacher's reflections on the textbook and her first year of using it after the school year
concluded. During this interview, I asked the teachers to assess the HB] textbook and
their use of it. I also asked them to talk about ways they may have changed over the
year.

Post observation interviews. These semistructured interviews consisted of the
skeletal protocol used to guide the lesson follow-up conversations. During these
interviews. I focused on the lesson observed and the teacher's views about how it went
and how she planned to proceed. An important component of this interview was the

questions about the teacher's use of the textbook. Depending on the extent to which the
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lesson was related to the text, I would have her talk about how she viewed the text and

how she made the selections she did.

Observation instrument. I collected classroom observation data by audiotaping

each lesson observed and taking extensive notes throughout. During my observations, I
focused on the teacher's activities, what the students were doing, and the role the
textbook seemed to play. After each observation, I used notes and the tape to "write up"
the lesson. The write-ups included a narrative summary of the lesson and responses to
the set of analytic questions taken from the observation instrument. These write-ups
represented the observation data for the study. The observation instrument was
adapted from the EPPS project instrument (see Appendix B).
Data Analysis

The complete data set was comprised of 25 observation write-ups and 18
interview transcriptions. Thus, the first steps in analysis were primarily managerial, but
allowed me to become closer to, and more familiar with, the data. The next steps
involved deeper and more deliberate analyses prior to the third step of writing cases.
The final step involved analysis across the two cases. This step was the first in which I
formally brought the two cases together and looked at them side-by-side. My analysis
prior to this focused on the individual teacher across one year.

Analysis of Observation Data

Analysis of the observation data involved two steps prior to writing the cases.
First I wrote up the observations, and then I wrote a characterization of each teacher's
teaching throughout the year.

Observation write-ups. Even though the observation write-ups constituted the

observation data analyzed, writing them was also an analytic process. Using notes and
the audio tape, I responded to the questions on the instrument. Answering these
questions required analyzing various aspects of the lesson such as the teacher's role, the

role of the text, and the extent to which students are encouraged to interact with one
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another, problem solve, and engage in mathematics discourse. Isupported each

response with examples from the lesson. These analytic questions served to stretch my
eyes and mind as an observer. Responding to questions forced me to review my notes
and to reconsider generalizations made about the lesson. Supporting them with
examples from the lesson also pushed me to ground the claims and questions taken from
the lesson in the data.

Characterizing teaching throughout the year. The next step involved looking for
and describing patterns and changes in their teaching and textbook use throughout the
year. It involved a recursive process of writing in which I made claims and supported
them with data from the observations. I then developed matrices that allowed me to
check the validity of these claims throughout the year, looking for disconfirming
evidence and discovering ways that the claims might need to be adjusted or refined. For
example, in characterizing Catherine's teaching, I noted a pattern in her daily lessons
throughout the fall. She started with instruction, followed with a significant amount of
practice, and then a quick review. I verified this process by using a matrix in which I
charted the amount of time she spent in each. In writing up the spring lessons, I began
to notice that this pattern was not the same. Going back to a matrix, I compared changes
in the amount of time she spent in each type of activity. Refined examples of these
particular matrices can be found in Chapter 5.

The matrix allowed me to see details that I would have missed otherwise. In
order to characterize the different ways that Jackie improvised in her teaching, I
organized them into a matrix according to category. In this process, I noticed several
subcategories that I had not considered.

At the end of this stage I had a picture of the teachers' teaching throughout the
year, the role the text played in it, and the ways in which it had or had not changed. I

reviewed each, adding quotes from the interview analyses (described below).
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Analysis of Interview Data
The first step in analyzing the interview data allowed me to become familiar with

the data, which was similar to the analysis of the observation data. The second step
involved drawing out relevant quotes and organizing them according to theme. The
final stage involved using this organization to write analytic memos about each teacher.
Verifying and coding. The first two steps in analyzing the interviews were
primarily organizational, but they provided useful opportunities to become familiar
with the data. First, after each interview was transcribed, I verified it as soon as
possible. This procedure allowed me to identify themes and issues that were emerging
and suggested questions or ideas I wanted to pursue in upcoming interviews. Second, I
generated a list of questions to code and organize the data for each round of data
collection. Some of these questions were the following:
1. How did the teacher talk about the lesson I observed?
How did teacher talk about her use of the text during the lesson I observed?
How did she talk about her use of the text in general?
How did talk about the text?
How did she talk about students?

How did she talk about contextual influences?

N & e W N

How did she talk about her own mathematical knowledge?
By cutting and pasting, I moved excerpts from the interviews to the questions they
helped to answer. These interview analyses became the data I used in the next step.
Analytic, thematic memos. This process was similar to writing characterizations
of the teachers' teaching described above, but I used fewer matrices. I wrote a series of
analytic memos in which I made claims about the teacher, her experiences, and thoughts
about the text, as well as supporting them with interview data. In some cases, I also
drew on the observation data to support developing claims. The first memo was

entitled, "What she brought to the text." This memo provided me the opportunity to
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examine the baseline interview, as well as other interviews from the early fall, and to

develop claims about the teachers' ideas concerning mathematics, teaching, learning, the
reforms, and the textbook. I also wrote related memos about the teachers' past
experiences. I wrote a similar memo for each teacher at the end of the year, using data to
support claims about changes in her thinking.
Developing Cases

I began to develop a sense of each teacher's story regarding teaching, the text,
and change through the processes described above. At this point I began to write the
cases, however this involved further analysis. As I wrote, new points became evident
whereas old points lost their potency. Because this process also involved putting
together the observation and interview data, I began to develop a holistic portrait of each
teacher. At this point I began to formulate explanations from the data. Up to this point
my writing had been descriptive. The section in each case in which I discuss the
teacher's orientation toward textbook use is the most prominent example of more
explanatory writing. In these sections, I draw on the data to characterize the teacher's
orientation toward textbook use and then use that characterization to explain their
interactions with the text and how those interactions impacted their thinking and
teaching.
Textbook Analysis

The analysis of the HBJ textbook had three purposes. First, it was to provide the
reader a picture of what the teachers were working with and talking about. The second
purpose was to examine it with respect to the current reforms in mathematics education.
Again, my intent was to offer an assessment for readers of the cases regarding response
to the reforms. Last, because one of my aims was to examine how teachers made sense
of particular elements in the text, it was necessary to have a thorough picture of its

contents.
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Analysis of the text began prior to the beginning of this study and continued as I

observed the teachers and wrote up the observations. Formal analysis began by writing
a detailed description of the text's contents, its means of communicating with teachers,
and what it communicated about. Examination of the text suggested several themes in
the areas of content and pedagogy. Content themes included increased emphasis on
problem solving, topics traditionally marginalized in the elementary curriculum, and
underlying concepts. Pedagogy themes included the use of representational tools, active
learning approaches, and learning through exploration. For each of these six topics, I
interrogated the text to assess its level of commitment. I considered how thoroughly
they were incorporated into the text and the depth with which they were treated. I also
considered the degree to which these aspects were accessible to the teacher and usable
within the context of the entire program. Last, I tried to describe how the text
represented mathematics, teaching, and learning.
ross-Case Analysis: Emergence of a Framewor

The cross-case analysis involved iterations of comparative analysis of the cases,
exploring themes, and then returning to the cases to check their validity. In accordance
with the question of teacher learning underlying the study, I began by comparing the
nature and contexts of their learning. This analysis revealed patterns in the types of
learning that occurred through particular activities both teachers engaged in. In order to
situate these patterns within the teachers' general textbook use, I drew on the cases to
develop a model of their activities involved in curriculum development. This theoretical
frame includes, but is not limited to, teachers' textbook use. It allowed me to examine
the work of two extremely different teachers side by side and to speculate on teachers'

curriculum development more generally.



CHAPTER THREE

DESCRIPTION AND ANALYSIS OF THE MATHEMATICS PLUS TEXTBOOK

The "reform-oriented" textbook that the Mapleton School District Mathematics

Committee selected was Mathematics Plus, which was published in 1992 by Harcourt-

Brace Jovanovich (HB]). According to Catherine and Jackie, the HBJ text was appealing
because of its emphasis on problem solving. I called it a reform-oriented textbook
because it was published and selected under such pretenses, and was one of the four
texts the district considered—all of which were published by companies claiming that
their text reflected the changes called for by the NCTM Standards.

The intent of this chapter is to provide a description of the offerings of the HB]
text and to discuss the extent to which it was responsive to the reforms. My purpose is
two-fold. First, I aim to provide the reader with a picture of what Jackie and Catherine
had available in the text. Second, I hope to provide a critique of the text's offerings, vis-
a-vis the emphases of the reforms, that I will draw on later when I consider ways that
the nature and format of the textbook contributed to the teachers' curriculum
development. Before describing the text, I provide a brief historical account of textbooks
in American schools and the publishing industry.

Mathematics Textbooks in Elementary Schools:
An Historical Context

Like chalkboards and desks, textbooks are part of almost every American
classroom (Tyson-Bernstein & Woodward, 1991). For decades, commonly used
mathematics textbooks (those published by large, commercial publishers) have changed
little. The large, shiny student texts containing cuddly animals and colorful

48
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photographs of real children doing math may be a little larger, shinier, and more

colorful than 25 years ago (Elliot, 1990), but there is little new about the general content,
format, or implied instructional design (Bowler, 1978; Broudy, 1975, Tyson-Bernstein &
Woodward, 1991). Divided into 12 or 13 chapters, the content focused on computational
processes such as addition, subtraction or two-digit multiplication, as well as other
mathematical topics, like fractions and geometry. The chapters were organized into
two-page modules, each on a different topic or skill, around which each day's lesson was
shaped. There might be an example of the particular skill at the top of the first page,
followed by a series of similar computations. Over the last 20 years, one likely would
find some story problems at the bottom of the second page. The large, spiral-bound
teacher's guide contained pictures of the student pages surrounded by wide margins
that provided instructional suggestions and answers to all the problems.
Textbook Stability

Not only have mathematics textbooks seen little fundamental change over 30 or
more years,! but there has been remarkable similarity among different publishers' texts.
This uniformity is an artifact of the nature of the textbook market itself, which is highly
competitive. Publishers respond to the demands of a large market that, in general, leans
toward conservatism and resists fundamental change (Apple, 1986; Bowler, 1978;
FitzGerald, 1979), particularly in mathematics. When a change makes its way into a
textbook, it usually makes its way into all. Furthermore, consolidation of the textbook
market beginning in the early 1980s from 12 or more independent publishers to five
large companies has increased the move toward "product sameness" (Rothman, 1989;
Sewall & Cannon, 1991). Fewer, more powerful companies competing for large shares of
the market have made being different an unfathomable risk. Small, independent

publishers and those producing inventive texts have faced exclusion.

I'The federally funded curriculum development projects that began in the late 1950s had a brief
and slight impact on the commercial textbook market in the late 1960s. Some major publishers
marketed new curriculum materials. This period was short-lived. Within a decade, commercial
texts reflected little difference from those published in the 1950s (Elliot, 1990)
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Mathematics textbooks have seen gradual changes over the last 20 years. These

changes have been "more evolutionary than revolutionary;" that is, they reflect slow,
steady movements in education (Elliot, 1990). Most changes have been in surface
features such as illustrations and titles (Tyson-Bernstein & Woodward, 1991).
Illustrations, for example, have become more colorful and representative of student
diversity. Some of the more substantive changes have come from initiatives by the
mathematics education community that gained sufficient visibility and influence among
policy makers and textbook adoption committees to alter the market demands. I discuss
some of these below.

Cases of Change

The first of these changes came after the publication of An Agenda for Action
(NCTM, 1980), calling on math teachers to incorporate problem solving in the
curriculum. In this document, its authors argued that problem solving involved more
than word problems; it was a way of thinking that included developing and applying
solution strategies to nonroutine problems. Within a few years and in response to
market pressure, the mainstream texts began to include instruction in problem solving.
In most cases, this took the form of lessons that instruct students on specific problem-
solving strategies inserted periodically into the chapters. The surrounding lessons were
unaltered except to have one or two more story problems added at the end. Still, these
story problems were single-step, single-operation, arithmetic exercises (Remillard,
1991a). The format, organization, instructional design, and emphasis on computational
procedures remained the same.

These textbooks were not entirely devoid of attention to underlying concepts and
application of basic skills, but these items rarely found their way into the students' text.
As Graybeal and Stodolsky (1987) found in their examination of mathematics texts
published in the late 1970s and early 1980s, activities designed to develop conceptual

understanding of the procedures were included but generally were suggested in the
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margins of the teacher's guide only. Rarely were they on the students’ pages, and rarely,

it seemed, were these suggestions heeded (Stodolsky, 1989).

Another instance of change in mathematics textbooks that occurred later in the
1980s in California provides an example of how the textbook market operates. In their
efforts to effect change in the state, education officials established rigid criteria for
placement on the state list of authorized textbooks. Assuming that what made it onto
the student page had a better chance of making it into classroom instruction, reformers
advised publishers that no less than 20% of the student text must reflect changes in
content and instructional activities proposed in the 1985 State Mathematics Framework?
When the state rejected all 14 of the K-8 textbooks that had been submitted for adoption
(Honig, 1991), editors scurried to make the appropriate alterations. The challenge for
these companies was to maintain the California market without losing other states that
were not making the same demands. Their solution illustrates the market influence on
the design of textbooks. Those companies that made it onto California's list produced
special editions of their texts for this market, selling their unchanged editions in other
states.

Ironically, these California editions did not look significantly different from the
others. Editors met the criteria by changing a few lessons per chapter to meet the 20%
minimum. The new lessons included conceptually oriented introductions to topics,
frequently incorporating the use of manipulatives and group work. Publishers also
added cooperative enrichment activities at the end of chapters (Putnam, Jennings, &
Remillard, 1990). Because publishers produced separate editions for the California
market, this move did not have the impact on texts nationwide that observers had

anticipated.

2The Mathematics Framework is the state's document outlining curricular and pedagogical goals.
With an eye toward substantial change, this document was overhauled in the mid 1980s and, for
the first time, established the criteria for textbook approval (Honig, 1991).
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Changes in the non-California market, however, were soon to follow in response

to the publication of the NCTM Standards in 1989 and its subsequent acceptance.
Implicit in the Standards' call for change are criticisms of the way the mathematics
content has been broken into discrete pieces, its emphasis on computational skills, and
the corresponding lack of attention to conceptual understanding. The Standards and
other reform documents expressed equal concern about instructional practices, focusing
on repeated drill, practice of computational procedures, and independent work rather
than collaborative and meaningful applications in which skills could be employed. Most
prominent among current practices targeted for criticism was the inauthentic,
"cookbook" approach to problem solving. Even though publishers had begun to include
more problem solving in their texts, critics claimed that these instances were contrived,
routine, inauthentic, and readily solved with simple strategies. They neither required
students to think nor encouraged them to assess the sensibleness of their results.

As versions of the goals offered in the Standards were added to adoption criteria
in districts throughout the country, publishers were forced to respond. In the early
1990s, each major publisher produced a new edition of its mathematics text, advertised

as congruent with the NCTM Standards. Mathematics Plus was one of these textbooks.

How valid were these claims? I examine this question in the remainder of this chapter.
To What Extent Does the HBJ Text Reflect Current Reforms?

In the sections that follow, I consider this question by looking at what the text
offers teachers and what it implies about teaching in today's reform context. First,
describe the teacher's guide and student text. Then, I analyze the implications of these
offerings with respect to key aspects of the reforms and how they represent
mathematics, teaching, and learning. My overall assessment of the HB]J text is that it is
responsive to the reforms but in a fragmented and superficial way. As the description

below reveals, publishers have added substantial amounts of new material to the text's
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traditional offerings. However, it looks and feels familiar in its representation of what

and how teachers and students should learn.

What the Textbook Offers: General Description

The HBJ Mathematics Plus series includes a large selection of resources in

addition to the familiar teacher's guide and student textbook. A vast selection of
supplementary materials accompanies and is referred to in the basic text. They contain
additional student work pages and testing activities (from standardized test formats to
alternative assessment suggestions and guidelines). Manipulative kits, calculator sets,
computer software, and books containing suggestions for using manipulatives and other
forms of "interactive" teaching also are available. Still, the core program is found in the
teacher's guide and student's textbook.

For this reason, I focus this analysis on the teacher's guide, which includes a
reproduction of the student textbook. In citing specific examples or discussing the
content offering, I draw from the fourth-grade textbook. The general organization and
format of the textbook are the same at each grade level; consequently, much of the
overall analysis applies to the HBJ series as a whole.

The Teacher's Guide

As is typical of textbook series, the HBJ teacher's guide contains the key to the
entire program. All other materials associated with the series, including the student
textbook, are pictured or referred to in the appropriate places in this guide. In addition
to outlining the daily lessons, this hefty volume contains general information about the
series and additional problems and activities not found in the student's text. The
publishers have gone to great lengths to show that their text is in keeping with the ideas
of the reform agenda. Quotes from the Standards are woven throughout the text along
side-related activities. The fourth-grade teacher's guide contains the following sections:

1. Introduction. The first 27 pages in the teacher's guide are a mixture of
advertisements for the HBJ text and an orientation to the range of offerings in the
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series. It includes information about who the authors are and what they believe
about teaching and learning as well as several pages of charts that provide
different overviews of the content of the chapters. One chart lists objectives for
each chapter, indicating which commonly used standardized tests assess each.
Another chart offers a pacing schedule. A third provides a scope and sequence
chart, showing when different skills and concepts appear across the entire K-8
series. Another chart overviews all teaching components available for each
grade level. The last three charts summarize how manipulatives are integrated
into the program. The emphasis in this section is on explaining how this text is
aligned with national reform efforts, including a list of 14 philosophical
statements that begin with, "We believe that. .. ." This section also speaks to
those reviewers concerned with student achievement on standardized tests.

2. Pupil's edition. This section is the largest portion of the teacher's guide. It guides
the teacher in using the student's text, as well as presenting students with
instructional activities and tasks. For the most part, the guide is divided into
two-page spreads, each of which defines a lesson. Each spread consists of
pictures of the two corresponding pages from the student text surrounded in the
margins with suggestions for the teacher.

3. Minute math. This section is a collection of open-ended activities designed to be
used as fillers when teachers find themselves with extra time. They vary from
being oriented toward quick practice of computational skills to more open ended
explorations such as finding times of the day that are palindromes.

4. Problem of theday. This section contains a collection of problems, one for each
numbered lesson in the book. These problems generally require more than a
single operation or step to be solved and do not have straightforward solution
paths. Many problems require logical thinking, and some have more than one
solution.

5. Alternative teaching strategies. This section is a collection of instructional
activities that can be used to teach various concepts in the series. There are two
to four activities per chapter. Most activities involve whole class or partner work
and almost all involve manipulative or visual materials. A few review skills in a
format other than traditional practice such as games and other interactive
activities.
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6. NCTM issues and answers. Throughout the teacher's guide, the authors make
reference to NCTM, frequently quoting from the NCTM Standards. This section
contains several ideas frequently associated with the reforms such as problem
solving, communication, mathematical reasoning, connections, manipulatives,
and cooperative learning. Each idea is labeled as if it were written by one of the
text authors pictured at the beginning of the book.3 Each page provides a brief
description of one topic and a rationale for its importance to students' learning of
mathematics. It also lists ways that the HB] series is designed to attend to the
ideas, starting with the phrase, "In Mathematics Plus. . .." In a few cases, it gives
suggestions for teachers to nurture them in students.

The student text. The student textbook consists of 13 chapters. Even though the
content of each reflects little change from those of the past (e.g., place value, addition
and subtraction, multiplication, division, fractions, and measurement), some of the titles
suggest greater emphasis on developing understanding of the topic. The first chapter,
for example, is given the title, "Place Value: Developing Number Sense.” Each chapter
also has a nonmathematical theme, such as protecting the environment, which is then
used to provide a context for the problems in the lessons. These themes seem to
represent an attempt to integrate nonmathematical topics into mathematics, thus
showing its relevance to actual situations.

The chapters are identical in format and organization. Each chapter contains 10
to 15 numbered lessons presented on a two-page spread in the teacher's guide.
(Appendix C contains copies of example pages from the teacher's guide in Chapter 10.
In referring to these throughout my description, I use the page number in the textbook.)
Two of the lessons in each chapter are devoted to instruction on problem-solving skills
and strategies (see pages 326 and 334, Appendix C).

In addition to the numbered lessons described above, each chapter contains eight
extra activities. The first activity is the "Chapter Opener," which introduces the

nonmathematical theme and the mathematical topic. For example, the theme for

3 According to Keith (1991) the actual writers of textbooks are generally in-house editors, not
those pictured on the books title page.
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Chapter 10 (Understanding Fractions and Mixed Numbers) is health and fitness; it

contains a large color photograph of young people participating in the Special Olympics
and a story problem about one of the athletes. The margins that surround these two
pages in the teacher's guide contain a collection of activities to introduce the topic of
fractions and the chapter theme to the class. All activities suggest whole-class formats,
with many drawing on students’ personal experiences. (see p. 316, Appendix C).

The next nonnumbered lesson in each chapter is a "Review and Maintenance
Test," which is found midway through. On the opposite page is a problem-solving
activity, which focuses on developing a particular problem-solving strategy. At the end
of each chapter are eight additional pages: a two-page chapter review, a two-page
chapter test, a teamwork project, a page of extension activities, and a two-page
cumulative review test (see pp. 340-345, Appendix C). These items are listed in the
chapter lesson guide but are not actual lessons. Even though a substantial portion of the
text's "reform-oriented" offerings are found in these nonnumbered lessons, they are not
accounted for in the yearly pacing plan. The plan recommends that teachers spend one
more day per chapter than there are numbered lessons. Chapter 10, for example,
contains 11 numbered lessons and the standard 8 additional activities. The yearly
pacing plan suggests that 12 days should be spent on this chapter. Thus, these extra
activities are allotted little time in the year's schedule.

Additional to the student text. In addition to copies of the student text, the
teacher’s guide contains three pages per chapter of related activities not found in the
student edition. Called "links," these activities are presented on two-page spreads
between lessons. They suggest nonroutine problems, work with manipulatives, or tasks
that relate math to other school subjects (see pp. 318A&B, 326A&B, and 338A&B,
Appendix C). Like the nonnumbered lessons in the student text, extra time is not
allotted for these activities in the chapter or yearly schedules; they are referenced on the

regular lessons as optional resources.
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Problem Solving in the Curriculum

The textbook developers claim that problem solving is a central focus of the HB]J
program. They argue that it "must become the focus of mathematics instruction to
prepare students for life in the twenty-first century" (HBJ, 1992, p. D2). The publishers
have attempted to increase the amount of problem solving in the text without shifting
the emphasis from skill development. Even though they have attended to many aspects
of problem solving such as the use of strategies, problems with nonstraightforward
solution paths, or those requiring multiple steps, in most cases their efforts appear
contrived and inauthentic. The problem-solving focus takes the form of instructional
activities designed to teach students how to solve problems, as well as a range of
different problems to solve. Despite claims of importance, these activities could be
described better as being added to, rather than integrated into, other lessons in the text.

Instruction in problem solving. According to the writers' claims, the text
employs a "heuristic" approach to teaching problem solving. The heuristic includes a set
of steps to follow and a list of problem-solving strategies to use. The four steps appear
in each problem-solving lesson with questions similar to those shown in Figure 3.1:
*Understand the problem -What are you asked to find?

-What information is given?

*Plan a solution -What problem-solving strategies can you use?
-About what do you think your answer will be?

*Solve the problem -How will you solve the problem?
-What are the solutions?

*Look back -How do you know your answer is reasonable?

-What other strategies can you use to solve the
problem?

Figure 3.1 Steps of the problem solving plan

The questions are used in the student's text to guide them through the problem solving

process. One of the nonnumbered pages in each chapter, "Spotlight on Problem
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Solving," also focuses on this heuristic by providing practice with one of the four steps.

the lesson on page 331 in Chapter 10, Appendix C, is titled "Check the Solution for
Reasonableness” and focuses on the "Look Back" step.

Each problem-solving lesson is devoted to one of the 10 strategies or 13 skills
associated with the steps. The skills and strategies in the fourth-grade problem-solving

lessons are shown in Figure 3.2:

Problem-solving strategies Problem-solving skills
Make and use tables, charts, and graphs ~ Choose the operation
Make a list Use estimation
Guess and check Solve multistep problems
Find a pattern Interpret remainders
Draw and use pictures Analyze relationships
Make and use models Identify too much or too little information
Write a number sentence/equation Analyze/compare data
Work backward Check reasonableness of solution
Act out the problem Draw conclusions
Use logical reasoning Make an organized list
Make predictions
Find hidden question
Interpret answer

Figure 3.2 Problem-solving strategies and skills

The focus of these lessons is on practice using strategies and skills, not determining
which to use. Even though the questions under the step "Plan a Solution" involve
selecting a strategy, the expected method is obvious, since it is often the title of the
lesson. Furthermore, the problem is posed in such a way that the method being taught
is the most natural choice. For example, the first problem-solving lesson in the text is
titled "Use a Table." A table lists children's names and tally marks to indicate the
number of patches each collected. Students read the table rather than making one
themselves. The feasibility of other strategies also is considered. More often, the
question under the last step, "Look Back," asks whether a different strategy is possible.

The answer in the teacher's guide is another of the 10 problem-solving strategies.
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Problem-solving applications. In addition to providing instruction on the

strategies and steps in the problem-solving process, the text contains a range of different
“applications." Most of these applications are routine4 story problems and are found on
the pages of the student text under the heading "Mixed Application.” Unlike the
problem-solving instruction (described above), these problems require students to select
the strategy or approach. Some of these problems draw on specific mathematical skills
or concepts taught in the lesson. Most require a range of mathematical skills. For
example, the problem-solving lesson on page 326 in Chapter 10 (Appendix C) follows
instruction on using the "act it out" strategy with eight story problems that require
different operations and lend themselves to various strategies. Most other lessons
include a few story problems; not all of these require mathematical skills taught on the
page. This reflects a consistent attempt to avoid presenting problems that require the
same operation and approach. Four story problems are illustrated in Figure 3.3.
Even though these story problems are somewhat routine, the solution process
varies from problem to problem, thus requiring students to identify appropriate

strategies and to apply them. This is typical of many story problems in the text. In

¢Each medal for the field-day *Mr. Tims has 258 packages of
events weighs 2 oz. There are 72 raisins. Each package weighs 5 oz.
medals in a box. The empty box What is the total weight of the
weighs 12 oz. How much do the raisins? Write your answer using
medals and the box weigh? Ib. and oz.
¢Estimation If every student in *Which container of juice is the
your class climbed onto a big scale, better buy?
about how much would they [Picture shows a 6 oz. can for $0.56
weigh? and a 14 oz. can for $1.26.]

(HBJ, page 231)

Figure 3.3 Example story problems

contrast to routine story problems traditionally found in textbooks, which make the

appropriate operation obvious (Remillard, 1991b), these story problems avoid giving

4"Routine” is generally used to characterize story problems that are straightforward in nature and
can be reduced easily to an arithmetic expression and solved with a single operation.
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such clues. In most cases, a student would need to comprehend the situation in order

to determine how to treat the information in the problem. In the first example above,
the student would need to determine how to account for the weight of the box as well
as the weight of the medals. Even though found less frequently, problems like the last
one require more than an understanding of the situation. Unlike the first two examples,
it cannot be rewritten easily in a number sentence and solved. Instead, students must
determine how to compare prices of the two different weights.

Despite the text's emphasis on problem-solving strategies, they are seldom
mentioned with these application problems, which is an example of the text's
fragmented commitment to the reforms. The text might instruct students to select a
solution strategy, but the teacher's guide contains only the solution. The teacher's guide
offers no suggestions for focusing attention on the strategy or the rationale for selection;
it merely provides the correct answer.

Other problem-solving tasks are found on the "Problem-Solving Link" pages and
the "Problem of the Day" section in the teacher's guide. These problems range from
straightforward story problems to multiple-step, nonroutine problems; most are the
latter. The following problem is presented in the first "Problem-Solving Link:"

You earn 1¢ for cleaning your room on Monday and 2¢ on Tuesday.

Each day you earn twice as much as the day before. How much will

you earn on the next Sunday? (HBJ, p. 8A)

The text recommends that students work together using a "think-along" sheet to solve
this problem. This sheet poses questions that guide students through the four steps of
the problem-solving plan. Problems in the Problem-of-the-Day section also require
interpretation and reasoning in order to develop a solution strategy. Most cannot be
reduced to an equation to be solved. The first problem of the day, for example, asks:

How many ones will you write if you write the numbers from 0 to 99?
How many twos will you write?

For an example page from the Problem-of-the-Day section, see Appendix D. The

teacher's guide offers no assistance in using the Problem-of-the-Day section.
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Daily Lessons
Daily lessons comprise the most substantial portion of the program. The entire

curriculum is built around these lessons, which is another way in which the HBJ text is
not substantially different from its predecessors. Each lesson includes a set of pages in
the student textbook, as well as a selection of instructional, complementary, and
supplementary activities. Completing all activities would take several days.

Types of lessons. The text contains three types of lessons: (a) instructional, (b)
exploration, (c) problem solving. Only the exploration and problem solving lessons are
clearly labeled with these headings. Even though similar characteristics appear in all
lessons, each type of lessons varies in purpose and structure. I describe these below.

Sixty percent of all lessons in the text are instructional and designed to provide
direct instruction followed by practice (see, for example, lesson 10.2, p. 320, Appendix
Q). The first two student pages introduce students to the topic using examples,
explanations, and questions. A section entitled "Check for Understanding" follows with
several related questions, drawing on material introduced. The second page of the
student text is devoted to practice and is labeled as such. Approximately two thirds
contain a series of short-answer questions similar to those under the heading "Check for
Understanding.” The final third presents two to four story problems under the heading
"Mixed Application” (see above discussion of Problem Solving Applications).

The exploration and problem-solving lessons follow a similar format. They begin
with an introduction, followed by practice and application problems. The main
difference in the types of lessons is what is introduced and how. The exploration

lessons, all entitled "Exploring ____ ", begin with a partner or group activity that uses

visual models. The focus is on developing students' understanding of specific concepts
or relationships through exploration with concrete or visual models. Lesson 10.1, p. 318
(Appendix C), instructs students to represent one fourth by folding a paper into fourths

and then tearing it into fourths. A series of "talk-about-it" questions encourages students
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to discuss the similarities and differences between parts of a whole and parts of a group.

The second student page follows this exploration with questions related to the concept.
The structure and purpose of problem-solving lessons are described above in the

discussion on instruction in problem solving.

Table 3.1

Number of Lessons Devoted to Exploration in each Chapter

Number of
Chapter explanatory lessons
1. Place Value: Developing Number Sense 1 out of 11
2. Adding and Subtracting Whole Numbers 1 out of 13
3. Multiplication and Division: Using Facts 1 outof 15
4. Time, Graphing, and Data 3 out of 14
5. Multiplying by 1-Digit Numbers 2 out of 10
6. Multiplying by 2-Digit Numbers 1 out of 10
7. Measurement 3 out of 11
8. Dividing by 1-Digit Numbers 3 out of 12
9. Geometry 8 out of 14
10. Understanding Fractions and Mixed Numbers 4 out of 10
11. Using Fractions and Exploring Probability 5 out of 11
12. Understanding Decimals 2 out of 11
13. Dividing by 2-Digit Numbers 2 outof 9

The problem-solving lessons, described in the previous section, appear regularly
throughout the textbook (two per chapter.) They constitute approximately 15% of all
lessons in the text. Exploration lessons occur less consistently. Overall, they make up
one fourth of the lessons in the text, but the proportion of these lessons per chapter
varies. Most chapters contain significantly more instructional lessons than exploration
lessons. As Table 3.1 indicates, several of the computation chapters include only one or
two exploration lessons. However, a few noncomputational chapters such as Geometry,
Understanding Fractions, and Using Fractions and Exploring Probability devote one
third to one half of their lessons to exploration. Table 3.2 lists chapter titles and themes,
shows the distribution of instructional and exploration lessons per chapter, and lists

problem-solving skills taught in each.
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Table 3.2
Overview of Contents of Each Chapter

Number of lessons in each category?

Chapter Total Plan Explo Instru Prob. Problem-solving Chapter theme
days ration ction _solve strategies taught
1. Place Value: *Use a table
Understanding 11 12 1 8 2 +Find a pattern Space Camp
2. Adding and «Draw a picture
Subtracting 13 14 1 10 2  «Make atable County Fair
Whole Numbers
3. Multiplication *Too much/too little Children's
and Division: 15 16 1 12 2 information Sports and
Using Facts +Write a number sentence  Hobbies
4. Time, Graphing, +Use table or schedule Shopping at
and Data 14 15 3 9 2 eAnalyze data to make the Mall
decisions
5. Multiplying by *Work backward After-School
1-Digit Numbers 10 11 2 6 2 +Choose a method of Activities
computation
6. Multiplying by *Make a graph Protect Our
2-Digit Numbers 10 11 1 7 2 +Guess and check Environment
7. Measurement *Draw a picture Things in Our
11 12 3 6 2  «Multi-step problems Everyday
World
8. Dividing by 1- *Choose a strategy Communi-
Digit Numbers 12 13 3 7 2 +Choose a method of cation and
computation Media
*Multi-step problems Imagination
9. Geometry 14 15 8 4 2  +Make a model
10. Understanding *Act it out Health and
Fractions and 10 11 4 4 2 «Choose a strategy Fitness
Mixed Numbers
11. Using Fractions *Make a model Games
and Exploring 11 12 5 4 2 +Make an organized list
Probability
12. Understanding *Work backward Sports Stars
Decimals 11 12 2 7 2 +Use estimation
13. Dividing by 2- +Find the hidden question ~ Careers
Digit Numbers 9 10 2 5 2 eInterpret the remainder

2 Total refers to the number of regular numbered lessons in the chapter. Plan days refers to the
number of days allotted to the chapter in the yearly pacing chart. Exploration refers to the

number of exploration lessons per chapter. Instruction refers to the number of instruction lessons
per chapter. Problem solving refers to the number of problem-solving lessons per chapter.
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Suggestions for teachers. Regardless of these distinctions, the lessons are more

similar than different, particularly when examining their presentation in the teacher's
guide. Each two-page spread is identical and follows a single pattern of instruction and
guidance for the teacher. A picture of the two student pages lies at the center and is
surrounded by wide margins containing instructional suggestions. These suggestions
are presented under the same major headings in each lesson: Motivate, Teach, Wrap Up.

The Motivate section suggests a pretextbook-lesson activity that does not include
work in the student text. Most often, this activity calls for active participation from the
students and usually is designed to occur in a whole class setting. For example, the
Motivate suggestion in Lesson 10.1 on exploring fractions recommends that students
fold paper into equal parts, that is, first one part, then two, three, and four. Each time
students shade one part and record the fraction of the paper that the shaded part
represents in a chart. Other Motivate suggestions are similar; that is, they act as a
prelude to the subject of the lesson and involve active participation.

The Teach section is concerned with suggestions on how to guide students
through the textbook page. It poses additional questions that the teacher might ask
when introducing the information on the student page. The Teach section also lists
common errors students make and suggests strategies for correcting them.

The suggestion under the third heading, Wrap Up, is always brief and oriented
toward bringing the lesson to a close. Most often it describes how the teacher might
summarize the lesson by asking students a specific question. The Wrap Up in lesson
10.1 suggests that students explain the difference between fractions representing part of
a whole and part of a group.

Also included with each daily lesson are two minor headings: Quick Check and
Double Check. Each section poses a set of three or four questions on the topic at hand
that can be answered quickly. The teacher's guide does not offer suggestions for using

these sets of questions.
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The margins of the teacher's guide also contain other activities related to the

lesson. These activities include (a) three supplementary pages, providing reteaching,
practice, or enrichment; (b) tasks entitled "Meeting Individual Needs" for students to do
individually; and (c) a box in the top, left-hand corner of the page listing other optional
resources.

Assistance for Teachers

As is evident from the preponderance of activities from which teachers may
choose, the HBJ program is not short on task suggestions—activities to give students to
do or questions to ask them in order to guide their work. In addition to the suggestions
on each two-page spread, the teacher's guide also provides organizational assistance at
the beginning of each chapter in the form of a six-page overview. These pages
summarize the topics and features of the chapter, list the objectives and materials the
teacher will need, and provide suggestions and information on topics such as
manipulatives, a bulletin board game, meeting individual needs, and ways to assess
students other than the chapter test.

The textbook is, however, short on actual pedagogical suggestions and
information. It says little about ways teachers might help students develop the ability to
complete various tasks and says little about the mathematical ideas and goals
underlying them. Neither does it offer suggestions for the appropriate use of
supplementary materials accompanying each lesson. The lack of instructional guidance
is prominent in sections of the textbook that are atypical. The Problem-of-the-Day
section, for example, contains only a collection of problems and their answers. No
additional suggestions can be found for helping students approach these nonroutine
problems.

Other places in the teacher's guide that include information for the teacher are
the introductory portion and the section entitled NCTM Issues and Answers. As

described earlier, these sections contain little information regarding ideas about
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mathematics, teaching, or learning that have informed the development of the textbook.

Rather, examples are used from the program to demonstrate the extent to which the
ideas emphasized in the NCTM Standards have been incorporated into the textbook.
New Ideas in Familiar Clothing

The HBJ text incorporated several new ideas associated with the reforms such as
more problem solving, exploration with manipulatives, emphasis on student talk and
explanation, and noncomputational topics. However, they also left many of the more
conventional aspects of the text intact. They continue to organize the content into many
small pieces, focusing on procedures rather than conceptual relationships. Teachers may
use the standard end-of-chapter tests found in the text or the alternative assessment
activities offered in one of the supplements. An overall look at the contents of the text
raises questions about the publishers' commitment to the reform agenda. They seem to
be offering something for everyone in a package and format that looks and feels familiar.

A Look Beneath the Labels

Even though the sincerity of the publishers' commitment to the current reform
warrants skepticism, the text contains several new components associated with these
calls for change. In this section, I examine aspects of the content and pedagogy in the
HB]J text that stand out as being responsive to the current reform agenda. I consider the
level of commitment to these ideas by examining how thoroughly they are incorporated
into the text and the depth with which they are treated. Ialso consider the degree to
which these aspects are accessible to the teacher and usable within the context of the
entire program.

Mathematical Content

The calls for change in mathematics target the substance and nature of the
content, that is, what mathematics includes and what it is like. Rather than placing the
mastery of computational skills central in the curriculum, the reform calls for

broadening the content of school mathematics to encompass, at all levels, undertreated
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and often omitted topics such as geometry and spatial sense, probability, statistics, data

analysis and representation, and algebra (NCTM, 1989). In addition, reformers argue
that a change in the way one views the nature of mathematics content also is in order.
Rather than encountering it as a set of isolated skills, students should see and experience
math as a way of thinking, reasoning, and problem solving that occurs in daily
situations (Mathematical Science Education Board, 1989; NCTM, 1989). They "should be
making conjectures, abstracting mathematical properties, explaining their reasoning,
validating their assertions and discussing and questioning their own thinking and the
thinking of others" (Lampert, 1990, p. 33). The NCTM Standards makes problem solving
and reasoning central in the curriculum and calls for a shift in emphasis from rote, skill
mastery to the meaning and understanding of the concepts underlying these skills.
Attention to these ideas is evident in the HB] program in the emphasis on problem
solving, attempts to make marginalized topics more visible, and efforts to focus on
underlying concepts. Below I describe and analyze the HB]J text's treatment of each.
Problem solving. The most prominent feature of the HB]J textbook associated
with current reform efforts is the attempt to make problem solving central to the total
curriculum. This effort is evident in the number of problem-solving activities available
and in the frequency with which problem-solving tasks are incorporated into regular
lessons. Furthermore, the treatment of problem solving in the text, that is, the emphasis
on developing solution strategies and the inclusion of nonroutine problems and mixed
problem sets, reflects an attempt to stimulate thinking and reasoning beyond the
application of computational skills in story contexts. Nevertheless, this commitment is
not consistently reflected throughout the entire program. The most authentic and
nonroutine problems are not found in daily lessons but in special sections in the
teacher's guide. Many of the problems in the student lessons are routine story problems.
The increased frequency of problem-solving opportunities suggests a strong

commitment on the part of publishers to incorporate problem solving throughout the
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text, but the increase in variety does not necessarily make problem solving central to the

curriculum. The curriculum is organized around chapter topics that form the central
core of the program. Problem solving has been inserted in and around this core.

Despite its high visibility, problem solving in the HBJ text gives the impression that even
though it has been added, it can just as readily be omitted. Even though the quantity of
problem-solving opportunities increases the chances that at least some will be used,
there is little about its treatment that suggests it is central to the curriculum. At best,

problem solving is an important piece that has been added to, rather than integrated

with, the central and primary emphasis on computational mastery.

Another characteristic that contributes to the superficial treatment of problem
solving is the large number of inauthentic problems in the student text. Even though the
publishers have made attempts to include problems that do not have straightforward
solution paths that involve multiple steps and require reasoning, these are primarily
found in the teacher's guide only. Many of the story problems on the student pages are
typical and routine that can be rewritten as a arithmetic sentence and solved
computationally. Because the problems that are more consistently and authentically
problematic are not in the student's text, the teacher must introduce them. Given the
large selection of tasks from which teachers must choose, it is likely that they must skip
some of these optional problem-solving activities.

Unmarginalizing topics. In response to calls for increased emphasis on topics
that traditionally have been marginalized in the mathematics curriculum, the publishers
of HBJ have taken noticeable steps to include topics such as graphing, work with data,
and probability. In the past, these topics were found only on enrichment pages tucked
at the end of chapters (Remillard, 1991a). These pages have a more prominent place in
the HB]J text, but this place is still less prominent than conventional topics such as basic

computation.
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Chapter Four in the fourth-grade text entitled Time, Graphing, and Data

provides an example of the best treatment given a new topic. Its contents address
collecting and recording data in different forms and gathering information from charts,
graphs, and tables. Its early placement in the textbook may increase the likelihood that
teachers will use it. Furthermore, charts and tables are used fairly consistently
throughout the text as a way to present information or to solve problems. The most
noticeable weakness in the treatment of data collection and representation is that few
tasks can be found in which students actually collect their own data and record it in a
table or chart. Most often, they are asked to gather information from existing charts in
the text. This process raises questions about the extent to which students might learn to
use such methods to represent information or to solve problems.

Chapter Eleven, Using Fractions and Exploring Probability, provides a more
feeble attempt to broaden the curriculum. Even though the title implies that the chapter
involves using fractions to explore probability, it is the first nine lessons that focus on
skills involved in operating with fractions and the last two introduce concepts related to
probability, that is, expressing probabilities as fractions and listing all possible outcomes.
In addition, the two problem-solving lessons focus on determining or examining
possible combinations, which may be seen as a precursor to probability. This level of
treatment represents an increase when compared to textbooks of the recent past, but the
increase is small and superficial. Despite the changed rhetoric and a handful of extra
lessons, probability remains a marginalized topic.

Underlying concepts. Reformers also are calling for change in teaching more
traditional topics. Less emphasis should be given to developing rote knowledge and
more to developing students' understanding of the concepts that underlie the
procedures. Thus, changes in a textbook responsive to this aspect of reform are more
likely to be integrated throughout its contents and evident in emphasis on mathematical
concepts and ideas. Many of the tasks and questions in the HB] textbook suggest that
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the publishers have attempted to increase emphasis on conceptual development and

meaning, and decrease emphasis on rote rules and procedures. In spite of this change,
developing computational skills and procedures remains central to the curriculum, and
exploring the meanings underlying these skills has been added.

The publishers' attempts to place greater emphasis on conceptual understanding
are most evident in their consistent inclusion of questions and tasks that require
explanations. Almost all of the lessons include questions that ask students to explain
some aspect of an underlying concept. Many of the lessons have sections entitled, "Talk
About It," which include questions that explain why a particular step makes sense or is

necessary. One of the questions on the student page in lesson 10.2 asks: "How can you

explain that % is 1 divided by 3?" In addition, suggestions in the margins of the teacher's

guide consistently state that students should be asked to explain their answers or
knowledge.

Questions such as the above are particularly common in exploration lessons,
described earlier. These lessons generally begin with an activity designed to illustrate a
particular concept or relationship. Questions that follow often are oriented toward
extending students' understanding of these ideas in other contexts. Lesson 10.1, for
example, focuses on the meaning of fractions as part of a whole or part of a group. The
exploration portion involves naming fractions based on this part-whole relationship (i.e.,
one of four pieces is % ). The follow-up questions on the next page continue to pursue
this relationship by asking questions that compare the same fraction of different-sized
items. The first question shows two student-drawn posters, one twice as large as the
other, both of which are half green. The question points out that each student colored
half of the paper green and then asks if they had colored the same amount of paper.
This question is followed with the questions: “"Why or why not?" Similarly, two

questions at the bottom of the page ask students to explain their answers.
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An emphasis on understanding also is apparent in the wording and selection of

story problems which require students to understand the solution process. As described
in the section on problem solving in the text, the sets of story problems are mixed; that
is, they require different solution strategies and different mathematical operations.
Furthermore, the wording is such that students would need to have some understanding
of the situation in order to solve it.

Commitment in the text to developing understanding is evident in the extent to
which explanation questions and mixed sets of story problems are found throughout the
lessons. However, like the treatment of problem solving or the inclusion of
marginalized topics, the emphasis on underlying concepts does not constitute a
significant change in the main emphasis on the text. The text contains many more
lessons devoted to instruction on procedures than lessons devoted to exploration.
Moreover, there are many more questions for which students must produce a correct
answer than those requiring explanation. The editors have found ways to build
conceptually oriented tasks and questions into the existing content rather than
subjecting the content to revision.

Despite these criticisms, the consistent integration of conceptually oriented
questions and tasks into the regular content of the text, placing them on the student'’s
pages rather than in the margins of the teacher's guide, is a significant change from
conventional texts (Graybeal & Stodolsky, 1987; Remillard, 1991a). This change has the
potential to prompt teachers to use them or take extra care to avoid them.

Pedagogy

The calls for change in mathematics instruction do not stop at content. They also
target how students learn and how they are taught. The changes in content imply
complementary pedagogical revisions. For example, when the focus of mathematics
was on learning rote procedures, instruction on the steps of those procedures followed

by repeated practice was a logical approach to student mastery. The shift in emphasis to
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problem-solving and reasoning abilities, based on conceptual understanding, calls for a

different type of learning experience. Students require opportunities to develop
understanding and to engage in reasoning and problem solving. Thus, the reforms call
for pedagogical changes that include less teacher telling and more student exploration
intended to promote understanding. They also suggest the use of tools such as visual
models, computers, and calculators to focus students’ attention on underlying meanings
and away from blindly following rules (NCTM, 1991). In addition, reformers have
suggested that "doing mathematics” does not necessarily mean doing a page of
problems. Rather, doing mathematics means applying mathematical knowledge and
solving problems in realistic contexts (Lampert, 1990; NCTM, 1989, 1991). These
particular pedagogical emphases are treated in the new HBJ textbook in the following
ways.

Instructional tools. The use of instructional tools such as concrete and visual
models, calculators, and computers plays a major role in the reform agenda, even
though positions on the pedagogical purposes of these tools vary. The general
consensus is that concrete or pictorial tools can enhance a student's understanding of
mathematical ideas by representing, modeling, or concretizing abstract concepts and
relationships. Thus, they can provide students access to ideas that underlie
mathematical rules and notations. Some reform documents, such as the Professional
Teaching Standards (NCTM, 1991), have suggested that such tools can provide contexts
in which students can explore ideas and relationships and should not be limited to
modeling algorithms (Ball, 1992). Reformers also have viewed computers and
calculators as tools that facilitate thinking because they allow students to focus on
problem solving without being encumbered by computation (Kaput, 1992). Through
technological tools, students can see and focus on patterns and relationships rather than

on mechanics.
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Regardless of their philosophical motivation, the publishers of the HB]J textbook

have placed major emphasis on incorporating these tools into instruction. In particular,
they have integrated visual or concrete models into the curriculum. The student pages
contain pictures to illustrate mathematical concepts. Even though the frequency varies
from chapter to chapter, the teacher's guide consistently recommends manipulatives or
calculators during parts of many lessons. Also, most of the exploration lessons involve
work with manipulatives or another visual model. The publishers also recommend
additional manipulative-based activities elsewhere in the teacher's guide. One of the
three Link pages is devoted to manipulative activities, as is the section called Alternative
Teaching Strategies. Compared to texts of the recent past, this edition of the HB] text
includes greater emphasis on instructional tools.

Still, a look at how these tools are used raises questions about the extent to which
they are intended to enhance understanding. Most frequently, manipulatives are used
to introduce, through a visual model, an underlying concept that is later replaced by an
algorithmic procedure. The emphasis seems to be on developing conceptual
groundwork on which the procedure can be built rather than on exploring the meaning
of the concept. For example, Lesson 10.4 begins by using counters to assist students in
representing a fraction of a number. Instructions in the text guide students through
specifically ordered steps that fit the pattern used on the next page in order to introduce
the computational procedure. In this case, the only purpose of the manipulatives is to
lead students through the procedural algorithm. There are no apparent instances in the
text in which students use manipulatives to explore ideas and to draw their own
conclusions. Modeling conceptual underpinnings of mathematical procedures is a
useful role for manipulatives, but it seems limiting to their potential.

Calculators are integrated into the regular curriculum in the text less frequently
than manipulatives, but they still make a strong appearance. One third of the regular

lessons include suggestions to use a calculator to assist in computation, analyze data,
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solve a problem or demonstrate particular number relationships. In addition, several

problem-solving activities that are not regular lessons recommend calculators.
Computer-related tasks are not integrated into the regular curriculum, but are suggested
in a special section at the end of the student text entitled "Computer Connection.” This
section devotes 15 pages to instruction in the use of LOGO, word processing,
spreadsheets, and data bases.

The extent to which the use of manipulatives is accessible to teachers varies
considerably. The text provides guidance for teachers in using manipulatives to model
procedures in the manner described above. Thus, it assumes a level of familiarity that
might not exist. The implication seems to be that students will have had prior
experience with manipulatives and that the teacher is comfortable using them. The text
does not offer suggestions to assist the teacher in managing them in a classroom of 30
students. Facilitating first-time use of such instructional tools does not seem to be a goal
of the editors. Nevertheless, because of the way they are built into the lessons, it is less
likely that they will be omitted than if they were suggested only in the teacher's guide.
In fact, given the way manipulatives are used to represent abstract procedures
throughout the text, it is likely that these tools may enhance the teacher's understanding
of mathematical concepts.

The same assumption is made about teachers' familiarity with calculators. Even
though they are often called for, the text fails to provide much information to the teacher
about using them. The phrase "use your calculator" is placed frequently and
prominently on problem-solving pages. Yet, no suggestions are available in the margins
of the text regarding how to guide students in using them.

Learning through doing. Other pedagogical shifts emphasized by the reform
agenda involve changes in what students should do in order to learn mathematics.
Rather than independently completing 30 problems on a textbook page, reformers have

argued that students should explore mathematical ideas and solve problems in group
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contexts. The HB]J publishers have attempted to incorporate this image of "learning-by-

doing" into the design by suggesting activities in which students work cooperatively on
tasks that involve manipulatives, recording and analyzing data, problem solving, or
general exploration. The lack of genuine commitment to this pedagogical alternative,
however, is evident in the way such activities are fit into and around the more
traditional lesson format that makes exercises on the textbook page central.

The learning-by-doing suggestions rarely are integrated into the regular lessons
or found in the student's text; they usually are located in the Link pages or the Problem-
of-the-Day section in the teacher's guide. These activities also are included with the
regular lessons in the teacher's guide but, again, only marginally. They do not replace
the traditional textbook page but, rather, precede it. For example, activities under the
heading "Motivate" provide examples of interactive tasks that do not revolve around
completing a textbook page. These tasks are intended for the teacher to use prior to
introducing students to tasks on the page. Similarly, the initial part of the exploration
lesson is designed to engage students in exploring a concept with manipulatives, which
is followed with a page of practice problems.

In making such activities precursors to more traditional tasks, it is likely that the
publishers have diminished their role in the curriculum. The publishers have involved
instructional approaches significantly different from those common to most teachers,
whereas the text provides little assistance designed to guide teachers in using these
alternative pedagogical approaches.

Learning through exploration. An aspect of a learning-by-doing approach to
mathematics instruction fairly prominent in the rhetoric of the HBJ textbook is
exploration. As I discussed in the general description, one fourth of all the numbered
lessons in the text begin with exploratory activities. These lessons appear to be attempts
to engage students in discovering or realizing specific mathematical ideas through work

with visual or concrete representations rather than "telling" students these ideas through
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direct instruction. The fact that one fourth of all regular lessons focus on exploration

demonstrates a notable commitment to such learning opportunities while maintaining
primary emphasis on direct instruction. Further examination of the distribution of the
exploration lessons (displayed in Table 3.1) and the actual depth of exploration actually
encouraged reveals that exploration is a vehicle for learning only certain topics. The
largest concentration of exploration lessons is found in noncomputational chapters.
Computational topics such as addition, subtraction, and multiplication only contain one
or two exploration lessons. The focus of these chapters is on learning and practicing
procedures, not exploring ideas. Division is the only computational topic that includes
significant exploration.

The nature of the exploration activities also raises questions about the extent to
which students are allowed to explore. As mentioned in the above discussion on
manipulatives, exploration in the HB] text means using concrete materials and specific
questions to guide students to predetermined conclusions. The teacher's guide provides
correct answers, communicating the message that each exploration should lead to a
single, correct conclusion. The text says nothing about listening to students' ideas or
discoveries when they are not the answers printed in the teacher's guide. In fact, it does
not address the possibility that students might produce alternative answers. Inclusion of
these lessons represents a step on the part of the publishers towards acknowledging that
students construct meaning through exploration, but the meaning they are meant to
construct is specific.

The gaps between current reform goals and the depth of responses to them are
characteristic of the HB] textbook. As the above analysis suggests, this text represents
evident attempts to add reform-initiated characteristics without taking on fundamental
change in content, format, or instructional design. As a reform-oriented textbook, what
message does it communicate to teachers? What does it suggest about mathematics,

teaching, and learning? What does its design enable and support teachers to do? These
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questions are examined in the following section by considering the underlying

assumptions about mathematics, teaching, and learning embedded in the textbook.

Mathematical and Pedagogical Analysis

In order to consider the underlying assumptions about mathematics teaching and
learning implicit in the text, I examined the content, organization, and teaching
suggestions of the textbook. Drawing from evidence in the textbook, I made claims
about how mathematics, teaching, and learning are represented, as well as the

publishers’ overall intent and the relationship forged with the teacher.

Representation of Mathematics and What It Means To Know It

The mathematics content in the HB] textbook represents the substance and
nature of mathematics broadly. It touches, in one way or another, on an extensive
number of mathematical topics. Some topics, such as whole number computation have
been part of the elementary curriculum for years. Others, such as data organization and
representation and probability are more recent arrivals. Even though number skills and
computation receive the greatest attention, topics such as graphing, data, and geometry
hold prominent positions. The text also represents the nature of mathematics in a
variety of ways. The publishers have placed primary emphasis on rules and procedures
but have woven in tasks that focus on their conceptual underpinnings. The publishers
also have emphasized that thinking, reasoning, and problem-solving skills are part of
the mathematical territory, frequently inserting problem-solving lessons and activities
into the text.

This broad and varied representation of mathematics reveals a response to the
reform agenda's call for increased emphasis beyond number computation and a
reluctance to relinquish long-standing aspects of the mathematics curriculum. The
textbook publishers appear to accommodate the ideas of the reforms by adding them to
the extant curriculum rather than making any significant changes. This approach is

particularly evident in the way two central emphases of the reforms are treated in the
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text: (a) mathematics is a connected body of knowledge and (b) it has relevance in the

real world.

Connections among mathematical ideas. The content selection and organization
of the textbook represent mathematics as a large collection of discrete concepts, skills,
and procedures that are related to one another, but should be thought about and
addressed separately. The whole of mathematics is like a stone wall made up of
countless individual stones that together form a solid structure. From a distance, one
might see only a wall, but a closer survey would reveal the conglomeration of stones.

In the HBJ textbook, the multitudinous stones that form mathematics are
introduced individually, each in its own lesson. The mathematics content is organized
into 13 chapters, each of which is divided further into separate lessons. Each lesson
deals with a slightly different skill or topic. Many of the divisions between lessons and
chapters are not determined by conceptual distinctions but by the nature of the
procedural steps involved. For example, three different chapters address the topic of
division. Chapter Three focuses on single-digit multiplication and division facts,
Chapter Eight focuses on division by single-digit numbers and introduces the division
algorithm, and Chapter Thirteen deals with division by two-digit numbers and further
develops the algorithm. Similar distinctions between topics appear within the chapters.
For example, after an "explore"” lesson in Chapter Eight, which uses base-ten blocks to
model the long-division algorithm, another lesson instructs students to estimate
quotients, a third introduces the steps of the long-division algorithm with a two-digit
dividend, a fourth introduces the algorithm with a three-digit dividend, and a fifth
addresses the same algorithm when there is a zero in the quotient. The emphasis in each
lesson is on the procedural steps and how they are different in each of the above
situations. There are no apparent efforts to show connections among the many different
steps. For example, the conceptual steps of dividing the tens and then the ones among

the number of groups determined by the divisor, emphasized in the explore lesson, are
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not brought into those that follow or are students asked to estimate quotients outside of

the context of the lesson with that title. The implication is that students need to learn
and follow new and different steps with each new case. Conceptual relationships
between different procedures or the meaning of division that underlies all of them
receive no attention.

Certain underlying concepts are, in fact, woven throughout many of the lessons
on division and other computational topics. Place value is the most prominent. The
lessons on two- or three-digit computation all call on the place value concepts developed
in the first chapter. Similarly, the relationship between multiplication and division,
developed in Chapter Three, is frequently brought into later work on division. Thus, in
some cases, the publishers have emphasized that the individual stones in the wall work
together and that many are cut from the same rock. It is often the case, though, that this
connection is obscured by differences in procedural steps.

Connections between mathematics and its applications. In its presentation of
mathematical skills and concepts, the HBJ textbook persistently stresses that
mathematics is related to the real world and that knowing mathematics includes being
able to apply it in daily life. The emphasis on realistic applications of mathematics is
woven throughout the text and is most evident in the variety of life-like situations used
as problem contexts. Each lesson is introduced through a situation in which the
particular skill being taught can be applied. The unmistakable message is that
mathematical skills can be used in a range of real-life situations. Still, the extent to
which the applications presented in the text are realistic is questionable.

As I mentioned in the general description, selection of problem-solving and
application opportunities in the HBJ text is diverse, ranging from routine story problems
that emphasize mathematical procedures to complex and nonroutine situations that
require reasoning, developing, and using strategies. For the most part, mathematics

educators agree that the latter more closely emulates the type of thinking most often
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called for in life situations. In order to solve them, students must examine the problen:,

develop a solutions strategy, test it, and then assess its reasonableness. They must
discern the problem from the situation and determine how to solve it. Routine story
problems, on the other hand, are life-like situations that provide contexts for
computational practice. Students need to determine which algorithm to use and then
apply it. Thus, the image of mathematical application portrayed in the HB]J text is as
broad as the range of problems described earlier. Nevertheless, it is clearly weighted
toward the routine, that is, the procedural application of skills in life-like contexts. Most
of the story problems integrated into the daily lessons fit this classification; their only
connection to real life is that they use situational contexts that are sometimes realistic,
even though the mathematical problem may not fit the situation. Problems that involve
more authentic applications of mathematical thinking are found in the teacher's guide on
the Link pages or in the Problem-of-the-Day section.
Representation of Student Learning

The "stone-wall" analogy introduced earlier also applies to the view of student
learning implicit in the textbook. The image of mathematics as a collection of separate
pieces naturally supports the view that learning mathematics involves acquiring each
piece individually. As each stone is separately laid in place to form the entire wall, each
discrete concept or skill must be placed in students' mathematical knowledge. The
processes used in the text to place these stones have implications for the theories on
learning that underlie them. Below I discuss two aspects of instruction that are most
prominent in the textbook. Then I consider the assumptions about learning embedded
in each. The first emphasizes instruction and practice, whereas second addresses
conceptual development through visual and concrete models.

Instruction and practice. The dominant pattern of teaching in the HB]J text

assumes that students learn through instruction followed by practice. Each lesson

begins with instruction on, or exploration of, a particular skill or concept through which



81
rules, procedures, or understandings are developed. Then these are practiced for a large

part of the lesson through questions or exercises similar to those in the introduction. At
the end of the lesson, students apply these skills in story problems. This pattern is
evident in the format of each type of lesson described above. The implication is that
learning occurs through being taught, followed by practice in isolated contexts and then
application in more realistic situations.

Visual and concrete models. The use of visual and concrete models as

instructional tools throughout the text suggests a view that students' learning is
enhanced through use of materials that model abstract concepts. Through seeing visual
representations of concepts, students are more likely to understand the underpinnings of
algorithmic procedures. Base-ten blocks, for example, are used to model the
multiplication and division algorithms when they are first introduced. Visual models
are seen as particularly helpful when students have difficulty working with abstract
symbols. Many of the supplemental "Reteaching” pages pictured in the teacher's guide
employ visual models to reteach the lesson topic, even if the models are not part of the
regular lesson. For example, Lessons 8.6 through 8.9 all address different aspects of the
division algorithm. Visual models are not used on these student pages. Each of the
"reteaching” options, however, returns to visual models in order to reteach the particular
skill. The implicit message regarding visual models seems to be that they are useful
instructional tools for building understanding of algorithmic procedures but should be
eliminated and replaced by work with the symbolic; they are not viewed as tools to
facilitate the exploration of mathematical ideas.
Representation of Teaching

The predominating view of teaching and the teacher's role embedded in the HB]
text are implicit in the suggestions provided in the margins of the teacher's guide. The

teacher's role seems to guide and facilitate students' interactions with tasks in the text.
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Guiding, not telling. The types of suggestions the text offers imply that showing

or telling students the correct steps or how to obtain an answer is not part of the
teacher's role. Rather, the text guides her in introducing particular topics by offering
questions she should ask in order to engage students in explaining the steps or
relationships shown on the student page. For example, the introduction to Lesson 10.2,
Fractions as Part of a Whole (p. 320, Appendix C), shows three children sharing a pizza.
The fractional numeral % is written on the student's page, with arrows to the numerator
and denominator explaining what each means. The teacher is instructed to ask the
students what the denominator tells them while they are looking at the information on
the page. Often the text suggests a question that requires an explanation not explicitly
shown in the student's text. In these cases, the teacher's guide indicates that the teacher
should "elicit" a particular response from students. The text provides the response she

should elicit but does not discuss how to do so. For example, the warm-up question at
the beginning of Lesson 10.2 asks, "How can % of a pizza be different from 141 of another

pizza?" The recommendation in the teacher’s guide is: "Elicit from students that the
pizzas can be different sizes" (HBJ, 1992, p. 320).

Even though it is not stated, the text's tendency to avoid suggesting that teachers
tell or show students is likely a response to the current emphases on constructivism
often associated with the reforms (Chazan & Ball, 1995). Increases in the popularity of
constructivist theories of learning and references to the need for students to "construct"”

meanings of concepts in the NCTM Standards, have associated antitelling views of

teaching with the reforms. Telling and showing are not totally avoided by the HB]J text;
rather they seem to be the role of the textbook not the teacher. As the fraction example
above illustrates, information on the student page shows the specific steps included in
the procedure being taught; it never suggests that the teacher tells or shows students
these steps. Rather, it suggests that the class or groups of students discuss the steps,

work through them with manipulatives, or one student explains them to the class.
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Monitoring practice. Once students successfully pass the first few exercises and

begin the practice portion of the lesson, the teacher's role is to monitor and correct. Few
suggestions, though, are given for how she might monitor students' work, with the
exception of being alert to particular common errors. These errors are described in the
margins of the guide, with suggestions for how she might correct them. Many of these
suggestions avoid explicitly telling students the correct answer or steps. They tend to
correct them by having students respond to questions or use manipulatives; others
employ strategies to decrease student errors. When dividing a three-digit number by a
single-digit, for example, the "Common Error Alert" states that students may "bring
down the ones digit instead of the tens digit,” (p. 253). This can be corrected by "having
students determine the number of digits in the quotient before dividing" (p. 253) or by
using graph paper to keep the digits aligned. Beyond these common errors, the text
does not discuss what or how to monitor students' work.

Selecting activities. A more implicit role of the teacher is to make decisions about
which textbook offerings to use and which to discard. Using all the suggestions and
activities in the complete program in a single school year is unmistakably impossible.

As mentioned in the description, not only is each lesson packed with activities but
several pages in each chapter are not figured into the allotted time for the chapter.
Furthermore, there is a host of options found in the teacher's guide to incorporate into
various chapters; thus, teachers must make selections among these options, even though
the text offers little direction. In fact, there is no apparent acknowledgment or
discussion of this aspect of the teacher's role or of its necessity.

The lack of guidance in making selections is one example of the text's tendency to
give teachers new activities with minimal help in learning about their intent or how to
use them. Because of the text's reform-oriented nature, the teacher frequently is asked to

facilitate tasks or interact with students in ways not typical. This raises a slightly
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different question about the text's image of teachers. How do text publishers envision

teachers' roles in the process of change? I pursue this question in the final section.
The Role of the Text in Teacher Change

As the above analyses suggest, the HBJ text includes changes in content and
pedagogy that reflect emphases of current reforms. However, the mode of
communicating new ideas to teachers is similar to those used by the text it replaced.
Essentially, it provides a collection of sequentially structured tasks, activities, and
questions that teachers can present to students. Even though it is often referred to as a
"guide,” the extent to which the teacher's text actually provides the teacher with
guidance beyond suggesting activities is limited. Despite its markedly different
approach to teaching mathematics, the textbook does not include changes in how it
interacts with teachers in order to help them incorporate these new ideas into their
teaching; it does not talk to teachers about these ideas by explaining their intent or
providing rationales for their selection. The implication is that changed teaching, that is,
teaching in line with the reforms, will occur simply by using tasks offered in the text.
However, as my observations of two fourth-grade teachers using this textbook suggest,

the process is not straightforward. I now turn to these stories of two teachers.



CHAPTER FOUR

LEARNING TO TEACH MATHEMATICS FOR UNDERSTANDING:
THE CASE OF JACKIE YARNELL

Jackie Yarnell was unlike many teachers whom reformers intend to reach. When
she first encountered the HB] textbook, she had already made significant changes in her
mathematics teaching. She taught in a school that had focused on teacher development
for several years. As a result, she had seen nonconventional teaching practices,
experimented in her teaching, and talked with others about her observations and
reactions. Over a short period of time, she had come face-to-face with many of her
beliefs about teaching, learning, and mathematics and had begun to reexamine them.
She also had considered much of her experience as a student in a new light and became
determined to provide her students with opportunities that she had not had. She felt the
freedom to begin to draw more on her own resources to design lessons and less on her
textbook. This freedom and the opportunities that supported and encouraged her
growth made Jackie a somewhat unusual case of an elementary teacher.

Jackie represents a small but increasing number of teachers who have opened
their classrooms to new ideas about teaching mathematics and who teach in settings in
which such growth is encouraged. Like many teachers, Jackie had high expectations of
the new HB]J textbook. She had developed a strong set of commitments about what
students should learn and the types of opportunities and instruction that might support
this learning, and she hoped the textbook would help her provide them. She believed
that she still had much to learn and needed mathematical and pedagogical guidance to
continue along these lines. She expected that a recently revised textbook would provide
some of this guidance.

85



86
The HBJ textbook fell short of Jackie's expectations. As she tried to fit the text

into her developing vision of good mathematics teaching, she confronted a number of
conflicts between her ideas about teaching math and what was in the text. As she drew
on her own resources to construct lessons, she moved away from much of what the
textbook offered. As a result, Jackie ended the year still in need of an instructional
resource that could support her growth.

The intent of this case is to use Jackie's teaching and interaction with the HB]
textbook as a lens to explore the role a textbook might play in a teacher's continued
learning to teach mathematics for understanding. In it, I examine Jackie's developing
approach to teaching and what this meant for the textbook. I also discuss the personal,
textual, and contextual factors that influenced her encounters with the HB]J textbook and
their outcomes in her teaching. First, though, I introduce you to Jackie and acquaint you
with the experiences and perspectives she brought to the textbook.

Introduction to Jackie

Jackie Yarnell had been at Kipling Elementary School for 6 years prior to this
study. She was in her 30th year of teaching and her 28th year in the Mapleton School
District. The principal of Kipling, Wynn Taylor, had encouraged her to transfer there.
Wynn had been the principal of Jackie's previous school, and Jackie had enjoyed her
support. She was anxious to leave the nonsupportive conditions that had evolved under
the new principal. Even though she had taught all the upper-elementary grades, most of
her years teaching had been in third grade. During this study, Jackie taught fourth

grade for the first time in more than 10 years.

Jackie's Experiences with Mathematics
Jackie's Experience as a Teacher of Mathematics

Jackie's favorite subject to teach was math. "I've always felt math was someplace
you could succeed in teaching . . . and it was fun to see the kids learn” (Interview,
9/11/92). Indeed, during most of her years of teaching, Jackie felt the success of helping
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students make rapid gains in their computational abilities—-gains reflected on

standardized tests. She focused on developing computational mastery and followed the
chapters and lessons in the textbook. More recently though, she had begun to rethink
her ideas about what it meant to succeed in mathematics. Recognizing the importance
of independent thinking and reasoning, she started to question whether the ability to
apply computational rules could help her students understand when to use them.

The stimulus for these questions was a series of teacher-enhancement activities
that occurred at Kipling Elementary School. In fall 1989, the school had become a
Professional Development School (PDS) associated with a local university's school of
education. This association initiated a range of contacts between Kipling teachers and
university educators aimed at changing educational practices.

Jackie was involved in one of the first of these activities. She permitted a
university professor to teach social studies to her third-grade students several days a
week. This activity turned out to be an earth-shattering experience. Because the
professor's teaching practices assumed substantially different ways of thinking about
how children learn and what it meant to learn social studies, Jackie found herself
confronting and examining her own beliefs about all subjects. “"Watching [her] did a lot
of opening my eyes, and there were things I didn't like and questioned, but there were
so many things that I felt, yes, that's really what I would like kids to be able to do"
(Interview, 10/22/92). Naturally, these changes did not happen overnight or without
significant struggles. By the beginning of the next year, however, Jackie had embarked
on a second collaborative project integrating social studies, science, and reading and had
begun to experiment with changes in her own teaching.

My first contact with Jackie was during this second year when I began a
collaborative project that involved teaching mathematics with another teacher in the
school. Jackie and I had occasional hallway conversations, during which she voluntarily

reported on instances of her mathematics instruction. These conversations suggested
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that the changes she was experiencing in regards to her work with the integrated

curriculum project had been nagging at her unchanged ideas about teaching
mathematics. Eventually, she began to experiment in this domain as well. Even though
I had not seen her teach at that time, she reported to be focusing her efforts on getting
students to explain their solutions to story problems. Just as she had described her other
PDS work, she found herself consistently astonished by the complexity of her students'
thoughts. While she confessed to having rigid views about mathematics, this experience
seemed to whet her appetite to examine her mathematics instruction more carefully.
The following year (preceding this study), Jackie and two of her colleagues
expressed interest in receiving support while making changes in their mathematics
teaching. In response, the four of us initiated a mathematics study group. Iserved as
the university collaborator facilitating the group and working with the individual
teachers. The group met regularly to discuss issues related to teaching mathematics in
ways that fostered students’' understandings. Each teacher individually decided how to
pursue making changes in her own practice at a comfortable rate. Jackie's pace was
decidedly gradual and not without hesitation. She developed a particular interest in
allowing students to construct their own strategies for solving problems and to articulate
their approaches to others. Throughout the year, she occasionally experimented with
posing "nonroutine"! problems to her students and engaging them in whole-class
discussions about their solutions. As she began to place greater emphasis in her
instruction on student understanding and reasoning, she questioned her former
definitions of success in math. She also was realizing that even when her students could
produce correct answers, they did not necessarily understand why or how to apply the
concept to a slightly different situation. These insights prompted Jackie to examine her

own experiences as a student from a perspective that she had not considered.

INonroutine problems are situationally based and are generally more complex than
straightforward story problems traditionally found in textbooks. See Chapter Three for a fuller
description and examples of nonroutine problems found in the HBJ text.
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Jackie's Experience as a Student of Mathematics

As a student, Jackie never liked her math classes, but she loved solving problems.
Her math classes frustrated her because, as she recalled, “They wanted you to solve
[problems] their way, and I liked solving them my own way" (Interview, 9/11/92). This
was the "big turnoff” for her. In order to illustrate, she told me about an experience with
algebra—the only class she ever failed. According to Jackie, it was not that she was
unable to solve the problems. "I had every answer right on the test," she recalled, "but I
did every problem my way so I had every one of them marked wrong."

Jackie was convinced that the reason she had disliked math was because she had
been given few opportunities to think for herself. She saw connections between how
stifled she had felt being told which procedures to follow and the few opportunities she
afforded her students to solve problems in their own ways. "It really dawned onme. ..
that the reason I was so turned off to math was the not being able to think for myself and
just having to follow rules and patterns.” (Interview, 9/11/92). Jackie became more and
more convinced that students should learn to think for themselves.

At the same time, Jackie realized that she lacked much of the mathematical
knowledge that she believed good teaching required. "I'm not a strong mathematician,"
she frequently reminded me. As is typical of many elementary teachers (Ball, 1988,
1989; Ball & McDiarmid, 1990; Remillard, 1993), Jackie took the minimum number of
math courses required. It was the area in which she had the least experience and in
which she felt weakest. "There are so many things I did not take in math. I was the
typical if I didn't have to take that math class, I didn't take it" (Interview, 10/15/92).
Despite the lack of formal experience, Jackie believed that she was good at solving
problems when she was given sufficient time and the freedom to use any method. "I am
very confident if I'm given a piece of paper, a pencil, and the time; I can solve almost any
math problem if I'm left alone to do it" (Interview, 10/15/92). She wanted her students
to develop this ability.



Jackie's School Context
The PDS environment at Kipling provided a level of support for teachers'

professional development uncommon to most elementary schools. Many teachers were
involved in collaborative projects with colleagues and university partners that involved
experimenting with innovative teaching practices. Jackie continued to participate in the
math study group during her first year of using the HBJ] textbook. The three teachers
and I met once or twice a month, and I met with individual teachers at their request. In
Jackie's case, our interactions took the form of the observations and interviews for the
present study.

Jackie also was involved in another PDS project that significantly shaped the
context in which she taught; it involved teaching the same students for more than a
single year. This experimental project, conceived by Jackie and the other third-grade
teacher, examined how teaching students over a 3-year period would impact the
classroom community and the learning experiences they initiated. This project was in its
second year at the beginning of the study. Thus, even though Jackie was teaching fourth
grade for the first time in many years, she was not working with a new group of
students.

These experiences as a teacher in a PDS significantly influenced the personal
"resources"? that Jackie brought to her first year of using the text. These resources take
many forms, including mathematical and pedagogical knowledge, as well as
understandings, ideas, beliefs, personal theories, and commitments (Thompson, 1992).
Often tacit components of her thinking, these resources originated in and contributed to
Jackie's experiences teaching and learning math. In the present study, I was most
interested in resources that acted as tools in her exploration and use of the HB] text and

provided lenses through which she saw and interacted with it. I discuss these below.

2] use the term "resources" to refer to the range of tools (personal, collegial, published, structural)
that teachers bring to, and draw on in their teaching. Here I refer to personal resources that
Jackie brought to her teaching. Later in the case, I discuss other resources such as the textbook
and the context.
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What Jackie Brought To Her Use of the Textbook

The categories I use to describe the personal resources that Jackie brought to her
teaching such as ideas about mathematics, students' learning, teaching, and the reform
context reflect Schwab's (1978) notion of curricular commonplaces such as subject
matter, learners, teaching, and context. These, he argued, should be considered by
developers in "making a defensible curriculum” (p. 368). The categories I used also
reflect Shulman's (1987) characteristics of teaching knowledge; that is, the content of the
learning and teaching categories is specific to the subject matter at hand. Below I
describe ideas about mathematics, learning, and teaching that Jackie brought to her use
of the textbook.

Jackie's Ideas About Mathematics

Jackie considered her knowledge of mathematics to be weak, but she had strong
beliefs about its nature and power. She believed that mathematics was a connected,
logical set of ideas that involved patterns and interrelationships. Even though math
included isolated skills such as multiplication, she believed that the real power of
mathematics was in seeing these relationships and patterns, "seeing there are things that
you can kind of build upon," and applying them to an array of situations or problems.
As Jackie stated: "When you can learn to understand one thing and learn how to pick
things apart, then you can, when there's something you don't understand, you've got
some strategies for figuring out what you don't understand” (Interview, 10/15/92). She
believed that a person who knew math well was someone who understood
mathematical concepts and was able to solve a range of different problems and articulate
why the solutions made sense.

Consequently, the mathematical goals Jackie had for her students were in the
domain of thinking and application. "I think the most important thing," she told me
early in the year, "is that they can solve problems. And I don't mean problems like 365
plus 298,000. I'm talking about, uh, I've got to put a rug in this room, and I need to
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know how big a piece I need to get" (Interview, 9/11/92). For Jackie, this problem

solving involved more than plugging formulas into situations to arrive at answers. She
hoped that students would become critical about their own problem-solving processes in
order to assess their application to other, unanticipated situations:

If they don't learn how to question their own learning and thinking they're never

going to know whether it's right or wrong or what could they do when they can't

get something the right way. They need to have lots of ways of trying to figure
out something because we don't even know what kind of problems they're gonna

have to solve as they're getting older. (Interview, 10/15/92)

Jackie believed that an essential ingredient of this type of critical thinking was
understanding the tools of problem solving (mathematical concepts and relationships)
well enough to apply them to different situations. For example, she argued that she
would know if her students really understood place value if she could give them a
subtraction problem without showing them how to regroup and they could "make that
leap" to figure out how to trade 1 hundred for tens, or a ten for ones to solve the
problem. "If they can do that, then that really shows their understanding” (Interview,
10/15/92). Another indicator of understanding, Jackie believed, was the ability to
explain why a particular answer or procedure made sense. "I think it is important in
math that they learn to express themselves" (Interview, 9/11/92). This belief was
evident in her tendency not to accept answers without accompanying explanations.
Jackie's Ideas About Students' Learning of Mathematics

The ideas about how students learn math that Jackie brought to her use of the
text were related to her ideas about its substance and nature. Thinking and problem
solving were more than mathematical goals. These processes were also the avenues
through which students developed them, which is one reason she liked the Problems of
the Day found in the HBJ textbook. "They [the problems] do really well at leading the
kids to do more thinking and discussing" (Interview, 9/24/92). She believed that,
through exploring ideas, talking about them, and explaining them to others, students

would develop understandings of underlying relationships and concepts. "The more
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you can explain to somebody else, when you can teach something to somebody else, you

have to understand it better in order to teach it" (Interview, 10/22/92).

Jackie also believed that the best learning occurred when students figured
problems out for themselves rather than being given the exact steps to follow. She
believed that by struggling with problems, students would further their understanding
of the mathematical concepts involved while developing a more general capacity to
solve problems. Thus, she preferred to give students problems that involved
mathematical skills that they had not been taught and "let them puzzle" over them and
invent their own strategies. She encouraged students to use different approaches to
solve problems and gave significant air time to sharing their approaches during class.
Jackie's Ideas About Teaching Mathematics

Given her ideas about learning, Jackie believed that her role as a teacher involved
challenging students to solve problems and to discuss solutions with their classmates.
During these discussions, Jackie acted as a guide and facilitator. She called on students
to explain and justify their solutions and then encouraged others to respond by agreeing,
disagreeing, elaborating, and suggesting alternative approaches. She believed that a
teacher should not accept a student's correct answer without probing the child's thinking
in order to understand how he or she arrived at the answer. The purpose of this belief
was twofold. Not only would students clarify the concept for themselves and others by
articulating their solutions, but hearing her students' explanations would give Jackie
insight into their developing understandings and misunderstandings. The information
she gleaned from their explanations guided the next question asked, the task next
assigned, and the way she shaped the next lesson.

Jackie allowed her lessons to unfold in this way because she believed that good
teaching required improvising and following the lead of her students. This process

included pursuing a question or issue when it was brought up in class by a student or
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changing entire lesson plans in response to students' struggles or interests; Jackie did

both regularly. Consequently, it was rare for her lessons to fit her initial plans.

Even though Jackie's ideas about teaching mathematics seemed well developed
at the beginning of the year, most had come about through recent changes in her
teaching. From time to time, she confessed doubt about whether she knew what she was
doing. Nevertheless, Jackie believed that she was a good teacher, particularly in math.
She talked openly about her successes and the amount of time she devoted to her
students. This devotion and her "logical mind" guided her efforts to change her
mathematics teaching.

Jackie's Ideas About Reforms in Mathematics Education and the HBJ Textbook

Jackie did not see the reforms as limited to mathematics; they cut across most
curriculum areas, emphasizing critical thinking, understanding, and the application of
school knowledge. In mathematics, these goals meant focusing on understanding
concepts over learning procedural rules, discussion over rapid computation, and
problem solving over performing procedures out of context. She used her own
experience to illustrate that computational proficiency did not necessarily help students
understand how and when to apply it: "I was successful in teaching them how to
compute wonderfully, but every time I'd have to teach them each new step. They
weren't able to figure out that" (Interview, 9/11/92). Jackie hoped that the changes in
her teaching would help students to develop the understanding needed to apply their
abilities to new situations.

To Jackie, the HBJ textbook did not necessarily represent the reform agenda. In
fact, she was not inclined to think of any textbook as innovative. It was the lock-step,
one-page-per-lesson approach to teaching that she hoped to move away from through
the recent changes she had made. This is how she compared her former and current
approaches to teaching:

Instead of assigning a page in math, like doing 20 or 30 problems, they do a lot
more talking with each other, sharing how they solved the problems. . . . Today,
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we may not even open a math book or we may stick with one problem and work

on one problem for the day. There's a lot more discussing and kids sharing ideas

and hopefully learning from each other. (Interview, 9/11/92)

Jackie was hopeful about this new textbook and its potential to help her continue
to make changes in her teaching. Of those she had looked at and tried, Mathematics
Plus seemed to be aimed in the direction she saw herself moving. She had scrutinized it
and found that, in spite of its shortcomings, it had some promising features. She
believed that it seriously attended to problem-solving and thinking activities that
facilitated discussion. Even though she had begun to incorporate these activities in her
teaching, she was pleased that she would not have to spend extra time searching other
resources for good problems or ideas: "It's nice to have it right in the book. ... I mean, I
was going out and hunting for problems that would make kids think, because most of
the problems in the textbook I didn't think would do that" (Interview 9/24/92).

At the beginning of the year, she believed that the text had potential for a teacher
like her, and she was looking forward to trying it. She predicted that she would use it
closely to guide her teaching. Not only did she want to learn what the textbook had to
offer, but she felt uneasy about working with the fourth-grade curriculum: "This year
I'm using it more as at least a basis, because I'm not that sure of all I need to do for fourth
grade, whereas third grade was very easy. I knew third grade" (interview, 9/24/92).

Jackie and the HB] Textbook: Dashed Hopes

Jackie started the year using the textbook "as a basis." She began with the first
lesson in Chapter 1 and continued to draw from it throughout the year. But her initial
expectations gradually turned into disappointment as conflicts surfaced between her
notions of good mathematics instruction and those she saw underlying the text. The
first conflict grew from Jackie's desire to "teach for understanding.” This conflict was
evident in the tension she felt between allowing the text to guide her path and pace
through the topics it suggested and being guided by her students' needs and interests.

The second conflict was a result of her tendency to use the text as a source of
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mathematical topics, concepts, and representations, as well as the developers' seeming

intention for the text to be a source of tasks. The descriptions and analyses that follow
examine the nature of these conflicts, how Jackie negotiated them, and how they
impacted her use of the textbook. As the analyses suggest, these conflicts were
interrelated and served to stimulate changes in Jackie that further distanced her from
many aspects of the text.

Jackie's Vision of Good Mathematics Teaching

Jackie brought to her use of the textbook developing ideas about what learning
mathematics involved and what good teaching looked like. Her experiences over the
previous year had nurtured in her a commitment to help students understand and apply
mathematical concepts and relationships and a conviction that this learning required a
teacher to be responsive to the students' interests, ideas, and struggles. These intentions
were evident in the first lesson I observed on September 16th; she had designed this
lesson to develop students’ understandings of place-value relationships. Even though
the text did not play a visible role, the lesson was drawn from the two-page spread on
pages four and five in the teacher's guide. Jackie developed the central task of the lesson
from one of three examples on page four, which illustrated how the same number could
be written in multiple ways:

1,400 = 1 thousand 4 hundreds
14 hundred

14 tens

1,400 ones
(HBJ, p.4)

A lesson on place value. Jackie started math first thing in the morning after
taking roll and attending to other administrative details. She called for the
students' attention and waited for them to return to their seats. She had arranged
the students’ desks in clusters of four or five, each comprising a "team." These
clusters were spread around the perimeter of the room. The floor space in the
middle was open and covered with a large rug. Students frequently used this
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space to work. At the front of the middle space was an overhead projector that
Jackie and her students often used to illustrate points during class discussions.

This lesson began with all students at their seats and Jackie at the middle
space in front of the chalkboard. She did not immediately start with the
textbook. Rather, she spent approximately 10 minutes reviewing the
relationships among the pieces of the base-10 materials provided by HBJ.3
Holding up a unit cube, she asked: “"How much does this represent?" The
students all agreed that it represented one and that it could be shown on the
board by drawing a small square. Jackie reviewed the other pieces of the base-10
blocks—the ten strip, hundred flat, and thousand cube. She held up each and
asked the students what quantity it represented, how they should draw it, and
how many of the previous pieces would it take to equal it. For example, the 1
hundred piece that contained 10 rows of 10 little cubes was represented by
drawing a large square and was equal to 10 tens and 100 ones. Jackie encouraged
students to confirm these equivalencies by modeling them with the blocks and
counting by one unit up to the next. When Carl did not know how many tens
made 100, she armed him with a handful of ten rods and a hundred flat and had
him lay the rods on top of the flat until they matched. Then she had him count
by tens to ensure that it equaled 1 hundred before counting the individual rods.

Jackie then turned the students' attention to the textbook and instructed
them to open to page four. Jumping past the introductory material on the
student page and the suggestions in the teacher's guide on teaching the lesson,
she began with her interpretation of example A on page four: "It says name some
examples of fourteen hundred"” she said, as if reading invisible words from the
text. "They said one way of writing fourteen hundred or one thousand four

3Base-10 Blocks are three-dimensional models of the quantities represented by base-10 numerals.
The smallest unit is a 1 centimeter cube; the next consists of a row of 10 cubic centimeters
connected together. Ten rows are put together in a 10-by-10 grid to make the next unit. The
largest is a 10-by-10 by-10 cube. Each piece in the set, regardless of the value it represents, is
scored to indicate its relationship to the smallest unit (the cube) giving the appearance of a
collection of individual cubes. Because they had used these blocks fairly frequently, Jackie and
her students had agreed on conventions to use when representing each piece of the base-10 block
set as follows:

1,000 100 10 1
They used these representations of the blocks to share their work with the class.
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hundred was 1 thousand, 4 hundreds." She then read the other example in the
book under example A: 14 hundreds, 140 tens, 1400 ones. "I don't know," Jackie
continued, "the book says it, but I don't believe everything books tell me. I think
it is your job right now to prove that. I want you to figure out if a thousand four
hundred is the same as a thousand and 4 hundreds, is it the same as 14 hundreds,
is it the same as 140 tens, and is it the same as 1400 ones."

Jackie gave each child a large piece of newsprint and instructed them to
work in teams to "prove" whether the relationships in the text were true. Each
group, she said, had to agree, even though the students could do their own
drawings of the base-10 blocks. Immediately the noise level increased as the
groups settled themselves on the floor or at their desks and began to discuss the
equivalencies they wanted to draw. Jackie circulated and interacted individually
with each group of students.

After 25 minutes, she brought the class together and asked if someone
wanted to share a solution. The students were poised and ready for this
question. Instantly numerous arms shot into the air, as students pleaded to be
called on. Jackie called on Jared, a very tiny, soft spoken fourth-grade student
who walked to the board and drew:

b} [oo] [1o] Lo ] (11

Figure 4.1 Jared's representation of 1,400

When Jared was finished, Jackie asked him a series of questions about his
drawing. She then invited others to respond. A few students voluntarily
commented on his solution. Jackie drew other students into the discussion by
asking them whether they agreed or if they could explain in their own words
what another student had said. She did not go on to another child's solution
until the class had discussed Jared's and agreed that it made sense, even though
it was not quite like the examples in the text. The class then discussed one more
solution. Before ending the lesson, Jackie had the students respond in their
notebooks to the question: "What did today's class help you understand?"
(Observation, 9/16/92)
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The design and structure of this lesson exemplify several characteristics common

to Jackie's lessons. These characteristics illustrate how her ideas about mathematics,

teaching, and learning played into the lessons she constructed and her use of the text.

Following Ideas, Inventing Tasks

The design of this lesson illustrates how Jackie used the text in constructing tasks
to present to her students. The overall lesson focused on the central idea in the textbook
lesson, which was the relationship between ones, tens, hundreds, and thousands. Jackie
did not use any of the tasks offered on the page; typical of the lessons I observed Jackie
teach, she created her own task that involved students modeling the central concept.
Most lessons focused on a single mathematical idea or relationship and included tasks
that engaged the students in examining or illustrating it. When she drew tasks from the
text, she generally found them in the margins or other places in the teacher's guide
rather than on the student's pages. In either case, the task served as a "jumping-off"
point from which the lesson evolved. Her goal was not to merely get the students to
solve the problem but to use it to get them to explore mathematical ideas.4 She
consistently incorporated models, situations, or pictorial representations into the tasks to
help students "visualize" the concepts.
Lesson Structure

The structure of this lesson also was typical of Jackie's mathematics lessons. She
commonly began with a period of individual or small group work and followed it with a whole-
class discussion. During the discussions students shared and explained their work and
responded to questions and comments from Jackie or their classmates. Jackie rarely accepted
correct or incorrect responses from students without accompanying explanations. She

responded to students' explanations with more probing questions that challenged them to

4Lampert (1990) described a similar approach to cultivating mathematical discourse as a contrast
to conventional approaches in which teachers ask students questions with the intent of making
sure they can answer them. From her perspective, "The content of the lesson is the arguments
that support or reject solution strategies rather than the finding of answers to teachers' questions.
. . . The solution is more than the answer, just as the problem is more than the question” (p. 40).
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elaborate or justify their ideas. For example, while Jared was still drawing (in the lesson above),

Jackie insisted: "Now tell us what you are doing.” As he completed his drawing, Jared
explained that he took 1 thousand, then 3 hundreds and 10 tens. "And that equals a thousand

four hundred?" Jackie continued questioning him. "Can you prove that to me?" Jared wrote:

1,000
100
100
100

_100

1,400

When he wrote the last 100, which represented the 10 lines in his picture, Jackie asked: "How
many tens do you have?"

“Ten."

"How many do you have written down?" Jared looked at his list of numbers for a few
seconds and then said 10.

"So you are saying that 10 tens is the same a hundred?" Jackie wanted to know. RHer
voice seemed unconvinced, even challenging.

"Mmm hmm," Jared nodded.

"Would you show me how you know that?" Jackie asked. Jared returned to his
drawing and counted each of the 10 lines by 10 and arrived 100. Jackie turned to the
class and asked them if they agreed with what Jared had done.

Jackie also asked Taurie, the next student to present a solution, a series of follow-
up questions. Taurie timidly responded to each and appeared relieved when it was
over. When I later asked Jackie about this interaction, she explained: "I want to get her
to push herself a little bit more to make sure she really understands what she is doing"
(Interview, 9/16/92).
Students' Role

During these whole-class discussions, Jackie usually took the lead in questioning

students about their solutions, but she encouraged students to develop similar scrutiny.
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She often asked students whether they agreed or disagreed and expected them to

explain why. She also solicited alternative approaches to solve problems by asking: "Did
anyone do it another way?" She encouraged students to argue about the mathematical
ideas, occasionally letting a disagreement result in a contentious exchange, which she
did little to curtail. She used disagreement to involve students in talking about ideas
and examining other perspectives. When I asked about the disagreements, she
explained "I'm trying to get them to value that each of them has different things to
contribute” (Interview, 10/15/92). She attempted to involve as many students as
possible in these discussions because she believed that these interactions helped to
develop their understandings. After a lesson that involved animated debate about
exchanging tens for hundreds, Jackie said: "I think they started realizing how much they
help each other with each giving each other ideas. And then, after we took everybody's
ideas, they could see how then the whole group helped even get more ideas on what we
were trying to do. That way all of them are getting more than they would all by
themselves" (Interview, 10/15/92).

Throughout each lesson, Jackie paid close attention to what students said and
then tried to gather as much information about what they understood. She used their
journal writings similarly. As on September 16th, Jackie regularly assigned journal-
response questions at the end or beginning of a lesson.

These characteristic features changed little throughout the year and were evident
in all lessons I observed. Table 4.1 provides a summary of all lessons I observed.
Another pattern I observed in her teaching, when looking across a set of lessons on the
same topic, was a decrease in her use of the text to determine the contents and pacing of

topics; this is described in the following section.
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Following the Text or Following Students

Jackie began the school year with the intent of using the text closely. Even
though the general mathematical topics of her curriculum matched the chapters in the
text, the specific contents of each did not match. She found that she was repeatedly
pulled away from the content and tasks of the textbook lessons by her sense of what her
students needed most. She was pulled away from the place-value unit, a topic she had
taught frequently, and the unit on fractions, a topic with which she was less familiar.
The following two stories illustrate her tendency to look to her students and her sense of
what they needed to learn in order to determine much of the actual contents she focused

on within each topic.

Following the Text

Jackie started the year following the text. She began with the first chapter,
entitled "Place Value: Developing Number Sense," taking one page at a time. As the
September 16th lesson illustrates, classroom discourse also had become a central element
of each lesson. She found that it took several days to complete each page. After the
lesson described above, I asked her about her choice to structure the entire lesson
around a single example in the text. She explained that she had planned to complete
several more problems but found that incorporating discussion into her instruction took
more class time: "We don't do that many problems when you're discussing things"
(Interview 9/24/92).

At first Jackie did not seem discouraged by this slow pace. Even though she
joked about how long it was taking them to get through each page, she was pleased with
how the lesson had gone. She said that she liked what she was seeing, particularly the
degree to which the students were able to "verbalize exactly how they were thinking"
(Interview, 9/16/92).

At the end of the September 16th lesson, Jackie looked at what she had planned

to do that day and assessed how well the students understood the concepts. The plans
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she had made for the day touched on about half of the tasks suggested on the two-page

spread that outlined the lesson. The class had completed less than one fourth of Jackie's
plans. Still, Jackie was not convinced that all students understood the relationship
between tens, hundreds, and thousands: "I have a feeling that enough kids still need
some more thinking on this" (Interview, 9/16/92). Thus, she planned to have students
complete two additional examples before going on to a new page.

A week later, Jackie reported continued slow progress through the text but this
time with greater misgivings. She had begun to worry about the pace: "Spending as
much time as I am doing on one thing is a big risk. . .. I know there are a lot of things
we aren't going to cover” (Interview, 9/24/92). By this time, Jackie had begun to
consider selecting fewer items from the text; this was risky as well.

They have so many different things and I'm going to have to pick and choose

more. In fact, I'm starting to. But it's really hard when you're first doing it

because I'm saying, “Well, I don't think this is valuable,” but then who doesn't
know that later on that's going to really help with something else. (Interview,

9/24/92)

After less than a month of using the text, Jackie was finding it more difficult to integrate
her desire to follow the text with her commitment to pursue ideas. Thus, she began to

contemplate her options.

Following the Mathematics

An approach that Jackie considered taking was to jump temporarily to another
chapter in the text (column addition and subtraction) and then return to place-value.
This option was premised on her developing ideas about the importance of place-value
in column addition and subtraction. She wanted her students to connect what they were
learning in the place-value chapter with its application to multiple-digit addition and
subtraction. A move to addition and subtraction made sense because regrouping rested
heavily on the concept of place-value; it could extend the work they had already done.

She considered a method of introducing multiple-digit addition that would emphasize
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the role that place-value played in regrouping; that way, they could "still [be] working

on it [place value] but working on it in a different way" (Interview, 9/24/92).

This decision may have been a turning point in Jackie's use of the text. Not only
was she considering a move away from the text's defined curriculum by leaping to
another chapter, but the leap was motivated by a connection she saw in the mathematics
not made in the textbook. In the textbook, the conceptual foundation for place-value
and multidigit addition and subtraction was treated separately; Jackie saw the two as
related. Jumping to the second chapter would help her students see this connection and
further develop their understandings of place-value. She said:

I was hoping they could actually see what carrying--what you were doing when

we say carrying, you know regrouping—I wanted them to actually visualize what

they were doing so they could actually see that when you have 10 of these you

can exchange 10 of these for one of these. (Interview, 10/15/92)

Jackie moved the class into addition and subtraction of multidigit numbers,
using pages on expanded notation in the place-value chapter as a bridge. Three weeks
later (October 15th)S the class crossed this bridge into addition. Ilearned later that her

decision to change topics was motivated by a comment from a student the previous day.

Following the Students

The student in this case was Randy. Jackie had given each student a place-value
mat and plastic chips with which they were to represent various numbers by placing
chips in the appropriate columns. In sharing his method for showing 24,000, Randy
demonstrated to the class that 24,000 could be represented as 24 chips in the 1 thousand
column or two chips in the 10 thousand column and four chips in the 1 thousand
column: (see Figure 4.2). Jackie realized that this demonstration naturally moved the
class in the direction she had intended: "It kind of hit me that that was kind of a logical

jump from there to regrouping” (Interview, 10/15/92). Jackie took advantage of this

SEven though this lesson occurred 3 weeks after the September 24th interview, 1 week of that
period was devoted to state-mandated testing, and another week was dedicated to preparing for
the test. Jackie did not teach any regular math lessons during that time.
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100 thousand | 10 thousand | 1 thousand hundred ten one
o e o
° o o

Figure 4.2 Place-value mat showing one of randy's representations of 24,000

connection and constructed a task with the place-value mats she believed would lead

students to make this logical jump.
October 15th: Connecting place value and regrouping. She began on October
15th, by putting a place-value mat on the overhead and placing a chip in the 10
thousand column. She then recalled Randy's observation from the previous day,
restating the relationship between 10 chips in the 1 thousand column and one in
the 10 thousand column he had noted. When she asked him, Randy confirmed
that this was what he had said. Jackie invited the other students to respond.
When a student agreed and added that the trade could be reversed, that the chip
in the 10 thousand column could be exchanged for 10 chips in the 1 thousand
column, Jackie seized the opportunity. "Let's look at this," she suggested. She
led them in adding 10,000 and 4,000 by counting the 10 chips in the 1 thousand
column by thousands until they arrived at 10,000. When many of the students
agreed that the two numbers were the same, Jackie asked them when they would
use this in math. Immediately Jordan suggested borrowing. With some
nudging, Hillary volunteered "Plussing."

"Right, adding," Jackie told her.

With this response, Jackie took the class into addition. After some
discussion, she gave them two numbers (493 and 363) to represent on their place-
value mats and add together. A significant portion of the class discussion
centered on how to deal with the 15 chips that ended up in the tens column.
Even though the entire class agreed that ten of the chips in the 10 column
equaled 100, they did not agree on how to move them to the hundreds column.
Some believed that all 10 should be moved. Others thought that the 10 should be
exchanged for one chip in the hundreds column, but were reluctant to drop the
other 9, leaving them in the tens column. One student demonstrated how she
exchanged 10 of the chips in the ten's column for 1 in the hundred's column,
producing the number 856. Another student showed how he arrived at the same
answer without making the exchange. He added the quantities of each column:
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400+ 90 +3

300+ 60 +3
700 + 150 + 6 =856

Jackie closed the lesson by asking them to get their math notebooks and write
something they'd learned about trading. (Observation, 10/15/92)

When I asked Jackie if this lesson was drawn from a particular lesson in the book,
she answered: "Yes and no." Even though it grew out of the previous day's activity
suggested in the teacher's guide, the lesson I observed represented a significant step
away from that particular part of the text and into the topic of the next chapter:
"Originally we were working on [pages] 10 and 11," she told me, “and then, with what
Randy said, I was kind of jumping" (Interview, 10/15/92). The use of place-value mats
was not suggested on pages 10 or 11. She had taken that idea from a suggestion on one
of the Link pages in the textbook and decided that being able to place "things" in the
columns would make it easier for students to work with the idea of exchanging
(Interview, 10/15/92). In essence, Jackie constructed this lesson by connecting ideas and
representations in the text. Her choices of tasks were motivated by a student'’s
observation and her desire for all students to make similar connections.

Even though Jackie had talked about moving to the next chapter, she did not use
it in the lessons that followed. For several weeks Jackie created her own tasks on
regrouping to add and subtract, drawing on base-10 manipulatives or models to
illustrate the role of place-value. Table 4.2 displays the extent to which Jackie drew
suggestions from the text during the lessons in the fall; it indicates a gradual move away
from the lesson suggestions in the text. She continued to emphasize mathematical
discourse during which she pushed students to see and explain the standard addition

and subtraction algorithms in terms of the models used. During the lesson on October
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22nd, for example, she challenged students to solve the same addition problems using

three methods: base-10 models, expanded notation, and the standard algorithm.

Jackie used her students to gauge whether to remain with a particular idea or go
on to something new. After the lesson on October 22nd, she described how she would
decide whether to move to subtraction: "I think tomorrow I'm going to hopefully get a
sense. If the majority seem to understand it, we may go to higher numbers to make sure
they really understand it, and then right into subtraction” (Interview, 10/22/92).

When asked where she was in the book, she said that she was not sure: "I think
we're in the second unit.” She laughed when asked if she was following the lessons in
this chapter. In fact, it appeared that she had looked at it only briefly, if at all. She did
not know whether it approached regrouping similarly. She looked to the text to define
the topic and to start the unit, but she followed her own ideas and her students as the
topic progressed: "When I realized that that's the direction we were going, I decided
that I would work a little on what I wanted to do" (Interview, 10/22/92).

Jackie's rapid departure from the textbook during work on place-value was not
surprising, but neither was her tendency to rely on observations of students and her
own ideas about the math to guide her instruction. For a year she had been working to
follow students' thinking in her teaching. These efforts superseded her earlier intentions
to remain with the textbook. Furthermore, place-value and addition and subtraction of
whole numbers were topics Jackie had taught in third grade. She was comfortable with
the mathematical ideas, and she had a repertoire of ways to engage students in
exploring them. She relied on these, rather than the text, to shape her instruction.

Jackie speculated that she would "rely on the textbook a little bit more" when
teaching "things I'm a little more shaky on or feel less confident about” (Interview,
10/22/92). Fractions and decimals were two examples she gave of such topics. For this
reason, | was interested in how Jackie would balance her commitment to follow students

with her need to depend on the textbook as a mathematical guide during her instruction
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on fractions. As it turned out, her dependence on the text was even more short-lived.

Her desire to construct lessons responsive to students drew her away from the text.

Fractions: Moving Away From the Text, Again

In April, I observed Jackie during the first 6 days of the unit on fractions. The
pattern of her textbook use was surprisingly similar to the pattern I had seen in the fall.
She began by selecting and altering activities from the margins of the teacher's guide,
supplementing them with activities of her own design. She devoted a great deal of class
time to the discussion that emerged from each task. Consequently, the class moved
slowly through the beginning of the chapter, spending the first three lessons on the two-
page spread designed to introduce the topic. Within a few lessons, Jackie had moved
further away from the suggestions in the text, following her sense of where the students
were going and what they needed to understand. By the 4th day of the unit, Jackie was
constructing tasks entirely on her own. Table 4.3 displays what Jackie drew from the
text for each of the fraction lessons; it shows a rapid move away from the text's
suggestions.

The opening lesson on April 5th illustrates how she used activities constructed
from the text's suggestions to serve as "jumping-off points." After discussing a set of
questions on the meaning of fractions that she presented as an assessment, Jackie opened
the textbook and proceeded with two introductory activities given in the margin. In the
first, she introduced the health-and-fitness theme of the chapter. In the second, she
asked students to think of fitness exercises they liked to do. As the teacher's guide
suggested, she listed the exercises named by students on the board and then indicated
the number of students who said they did them (20 swam, 18 played basket ball, 22 rode
bikes, 8 jumped rope, and 15 ran). Once the class had listed five activities, Jackie
suggested that they represent the amounts in fractions. Explaining that "fractions mean

so many out of so many," Jackie introduced the term "denominator” as "the number of
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things it's divided into" and suggested that because there were 22 people in the class the

denominator would be 22.
The task went smoothly until they tried to show that 22 of the 22 people rode

bicycles. Students’ confusion about how to interpret the numerator and denominator
emerged when several students disagreed with the answer % . Jackie allowed the class

to pursue at some length the question of what this fraction meant. Several students
provided interpretations and, at Jackie's insistence, explained their reasoning to the
class. Even though she played a central role in questioning students about their ideas,
she did not acknowledge their suggestions as right or wrong. Without resolving the
issue, she distributed graph paper and assigned students the task of drawing a picture
that would show the number of students who jump rope for exercise.

The following day Jackie drew from page 317 of the textbook, companion to the
page she had used the previous day. Again, she began with a task from the margin of
the teacher's guide and allowed the remainder of the lesson to build on it. She started
with the problem under the heading "Think Ahead" and then posed a series of similar
problems she made up on the spot. Each of her follow-up questions involved finding a
fraction of a group, such as -;— out of 15. She ended the class by giving students four more
problems to complete involving finding one sixth, one third, one ninth, and one half of
18. Most of the students answered these questions correctly.

The third day of the fraction unit was similar in that Jackie used a single idea in
the teacher's guide to initiate a lesson of her creation. She began the lesson by having
students respond to a set of questions in their notebooks that she had drawn from the

margin of page 317 of the teacher's guide:

1. Areall fractional parts the same size?
2. What is the word name for 2/5.
3. Draw a picture to show 3/5.
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4. Which is greater, 1/4 or 1/2?

5. Put in order from least to greatest: 1/2,1/6,1/3.
(HBJ, p. 317)

The class spent most of the lesson discussing the first five questions. Their answers
revealed many areas of confusion about fractions, particularly about the meaning of the
denominator and the relative sizes of fractions. Once Jackie managed to move the class
to the final activity she had planned (using a Hershey bar to show various fractions),
even more misconceptions surfaced. The students had trouble differentiating between a
third and a fourth, since % contained four pieces and was more than %, which contained
only three. Only one student was able to show what one sixth of the candy bar looked
like. Most insisted that % was six pieces.

Jackie said that the lesson had revealed how little the class understood about
fractions: "Yesterday, I thought they understood fractions and the denominator. But
they had just figured out a pattern. That's all. Until they learn what a numerator and
denominator are, they won't understand fractions" (Interview, 4/7/93). This concern
seemed to underlie Jackie's choices for the next several lessons. Leaving the textbook
completely, she constructed lessons that focused almost exclusively on the meaning of
the numerator and denominator in discrete fractions. In each, she involved students in
modeling fractions with chips or graph paper.

When I asked Jackie about these lessons, she explained that listening to students
was making her aware of how much she had assumed they understood: "I figured a kid
understood what a fourth was, but what they were understanding was a fourth only if
something is divided into four equal pieces, without knowing that those pieces might
still have parts of something in it" (Interview, 4/12/92). She explained that, because her
students had primarily learned about fractions as pieces of whole things that they had
difficulty extending their knowledge to include parts of groups. She gave this reason for

creating lessons on discrete fractions. She said that she did not believe the book covered
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them in the type of depth she had. Rather, she thought that it gave students a rule they
could apply; it did not help them "understand" why % of 24 is 16 (Interview, 4/12/93).

Managing the Tension Between Following Students and Following the Text

The shift that Jackie made in the spring lessons from drawing on suggestions in
the textbook to drawing on personal resources to construct lessons appears similar to the
shift she made in the fall. In both cases, she relied on the textbook to define the
mathematical topic and to initiate their work, but she determined what students needed
to learn within each topic and then invented her own tasks that responded to their
interests and needs. Even though she anticipated that her limited knowledge of
fractions would require that she rely on the text more during that unit, it was not the
case. Jackie's tendency to move away from the text as she proceeded through a topic,
even when she was initially unfamiliar with the content, illustrates how she managed
the tension between her ideas about teaching math and those in the text. She chose to
fashion her instruction around the students’ thinking rather than the text.

Jackie's choice helps to explain why the HB]J textbook provided her with little
day-to-day support. Given her commitment to following students, her case raises
questions about how written curriculum materials can contribute to the continued
learning of teachers in her position. Examining Jackie's teaching and patterns of
interaction with the text can shed light on the type of resources she might find useful in
a textbook. In the following section, I characterize Jackie's orientation to teaching and
textbook use, and I describe how and when she used the text and to what ends. I then
examine the impact of her orientation to using the HBJ text on her teaching and learning.

Jackie's Orientation to Teaching and Textbook Use: Curriculum Improvisation

The portrait just painted of Jackie's teaching illustrates her movement away from
the text. In this section, I look in more detail at how and when she used the text. My
analysis has been helped by Ben-Peretz's (1990) discussion of teacher-curriculum

encounters. To a large extent, Jackie's encounters illustrate Ben-Peretz's characterization



117
of curriculum interpretation and reconstruction. Through these processes, she argued,

teachers "read"6 the "curriculum potential” in written materials and transform them into
actual learning experiences for students. The examples I use in characterizing Jackie's
orientation to using her text are from lessons she taught over the year.

Despite the minor role the textbook played during the September 16th lesson, it
contributed in two ways; it organized the math curriculum into topics that Jackie
covered, and it offered the conceptual idea that she used to create the central task of the
lesson. This was typical of Jackie's interaction with the text. Her tendency to use the
book, not as a script or step-by-step guide but as a source of topics and ideas, illustrates
her orientation to using such resources in mathematics instruction. She was an
"improviser;" that is, she was not inclined to follow predetermined or generic protocols
for lessons. Rather, she crafted lessons particular to the situation that started with a
mathematical idea and were shaped by students' responses and input.”

Jackie's Starting Place: Underlying Ideas

Jackie's starting place for designing a lesson was a conceptual idea that she
believed was important for her students to understand. She then selected or created
tasks that followed the idea. She often drew these ideas from the text. For example, on
September 16th, she was compelled by the relationships between the values of each
place in the base-10 system represented in the text. The October 15th lesson illustrates
an instance in which Jackie was compelled by an idea suggested by a student rather than
the text. In both cases, the instructional tasks she created were born of mathematical

ideas she believed were important for her students to understand. This approach is not

6The term "read" is taken from Ben-Peretz (1990) who talked of the different ways teachers read
and interpret texts. In Chapter 6, I extend this notion of reading textbooks to include how
teachers decide what suggestions to read and how to read them, in addition to the meanings.
7Yinger (1987, 1988) used the term "improvisation” to describe the best of what good teachers do.
Others (Ball, 1993; Clark, 1988; Heaton, 1994; Huberman, 1993; Lampert, 1990) described teaching
as an active process of listening to students, making the most of the unexpected, and reinventing
one's curricular plans to navigate students' journeys through the content.
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typical of many teachers, who tend to focus on tasks or activities in which goals or

objectives are embedded (Borko & Niles, 1987).

Curriculum Interpretation and Construction

Jackie's tendency to create and select instructional tasks to further her
mathematical goals illustrates one aspect of Ben-Peretz's (1990) view of curriculum
interpretation that involves "reading" more in texts than the embodiment of the
developers' intentions. She was often compelled by an idea underlying a task in the text
but not by the task itself; thus she created her own tasks. On September 16th, for
example, she created the place-value task involving base 10 blocks. She wanted students
to understand the relationship between 1's, 10's, 100's, and 1000's but she did not believe
the text's approach was sufficient:

[The book] gave some numbers like a thousand nine hundred and said show four

ways of writing it. But I really felt that it was patterning, you know, they would

just follow the pattern. I was hoping that they would start looking at it and

thinking what a thousand is (Interview, 9/16/92).

On some occasions, Jackie drew actual tasks from the text but rarely from student
pages. She usually found tasks in the margins or other sections in the teacher's guide
that provided suggestions designed to supplement or complement the daily lessons.
These tasks included nonroutine problems from the Problem-of-the -Day section and the
conceptually oriented activities on pages found only in the teacher's guide. Jackie said
that she liked these tasks because they challenged students. They "offer the kids
problems that weren't just the common, everyday, where they [students] could just look
at it and automatically figure out the answer” (Interview,7/1/93). Tables 4.2 and 4.3
showed offerings in the text that Jackie tended to draw from, as well as the frequency
with which she created her own activities. The tables revealed that, she only used
student pages during two of the lessons I observed. In each case, the students used the
text as a reference, not a source of exercises to complete.

When Jackie used tasks from the text, she used them in ways not intended by the
text's developers. For example, the central tasks during the lessons on April 5th and 7th
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were from the margin of the teacher's guide; both were offered as preliminary activities

designed to be completed quickly prior to the main part of the lesson. Jackie, however,
fashioned most of the lesson around each, using them to engage students in thinking
about the meaning of fractions. She decided to use the tasks because she believed they
would "make them [the students] think" (Interview, 4/7/93).

Jackie also drew ideas to visually represent concepts from the text. The base-10
blocks, place-value mats, and chips to represent discrete fractions were all used in the
textbook. The place-value mats, for example, were used in an activity on one of the Link
pages. When she saw them, they struck her as a useful way to illustrate regrouping
while allowing students to make the exchanges: "I thought, it's much easier to have it
where they can work on it; they just had it like this and I wanted it where they didn't just
say the numbers; they could actually put things there" (Interview, 10/15/92). In using
these mats, however, Jackie invented her own tasks rather than using those suggested in
the text. This example illustrates how Jackie read the curriculum potential in the
textbook's offerings and created instructional activities that transformed the written
curriculum (Ben-Peretz, 1990).

Curriculum Adaptation

Another form of curriculum development central to Jackie's teaching was
curriculum adaptation. Here, I am referring to the continual reshaping of her plans
while implementing them.8 This type of in-action curriculum revision is not explicitly
discussed by Ben-Peretz (1990). It is, however, consonant with her notion of teachers as
curriculum developers who "reflect on their curriculum and reconstruct it" (p. xv). This
description characterizes Jackie's interaction with her curricular plans regardless of their

source. All of the tasks presented to her students, whether drawn directly from the text

8Curriculum adaptation is not unique to Jackie. Because of its inherent uncertainty (Jackson,
1986; Lortie, 1975), all teaching involves some degree of flexible adaptation of intended plans
while they are being enacted in the classroom. The act of curriculum adaptation, however, is
central to Jackie's ideas about good teaching, because they include being responsive to students.
As Heaton's (1994) conceptualization of teaching as invention suggests, such a pedagogical stance
becomes essential when the teacher makes responding to students central to her curriculum.
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or constructed by her, underwent some adaptation or extension from their original

design. Within each lesson, she frequently added questions or tasks in response to what
she believed her students understood and where they needed to go. This type of
improvising was most apparent in the way she structured discussions to focus on the
students' ideas and solutions and in the follow-up questions she posed that built on
what had already emerged.

Jackie's transformations illustrate how teaching that builds on students' ideas
and responses is, in essence, ongoing invention (Heaton, 1994) because it calls for
immediate construction and adaptation of curricular plans in response to students. For
example, Jackie generally opened a class discussion by inviting a student to share a
solution and then asked others to respond. Often, she did not know which solution the
student would select, what types of ideas would be interjected into the conversation, or
how others would respond. As the class pursued the child's solution, Jackie established
the path the class would take by spontaneously deciding how to respond to these
student-generated ideas.

An example of one of Jackie's spontaneous improvisations, inspired by her
mathematical goals for her students, occurred when the class was discussing its
solutions to one of the Problems of the Day. Before the actual mathematics lesson began
on October 15th, Jackie gave her students the following problem to work on while she

took roll:

Shaundra throws three darts at this target. All three
darts hit. What are Shaundra's possible scores?

1

(HBJ, Problem 2.5, p. B3)

Figure 4.3 The October 15th problem of the day
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After attending to several morning details and looking on as her students worked,

Jackie turned her attention to math. She began with a discussion of this problem but not
by asking students for their solutions. Instead, she posed a new question that took them
beyond finding the possible solutions. She asked: "How do you know when you have
them all?" In the discussion that followed, a few students tried to describe their
strategies for systematically solving the problem, but few could articulate their
approaches. Jackie repeatedly persisted with her question of how their approaches
could help them decide whether they had them all. She later told me that her intent
with this question was to encourage students to think strategically. Her observations of
their work on the problem indicated that most had approached it haphazardly, often
counting different permutations of the same three numbers as different combinations.
She explained: "I'm hoping that they'll start seeing there are things that they can kind of
build upon [when solving such a problem]. . . . Start by your own deciding how you
want your pattern to work" (Interview, 10/15/92).

Jackie's spontaneous improvisations involved completely revising her original
intent in response to what she learned from listening to her students. As she explained:
"We went off on tangents all the time because of the questions or whatever the kids did"
(Interview, 7/1/93). She followed the lead of her students on February 1st, when she
gave the class a problem of the day that involved fractions. Jackie allowed the students
to struggle together with the problem. In leading the discussion, she pursued ideas
suggested by different students, interjecting her own questions from time-to-time. The
discussion quickly moved away from directly solving the problem and focused more
generally on fraction concepts; Jackie encouraged this exploration. Eventually, the
discussion evolved into a comparison of thirds and halves, as the students tried to
reconcile whether-é of 12 was more or less than % of 6. Jackie followed the students'
leads, pushing them to use what they already knew about fractions and to make

drawings to help them make sense of new ideas.
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Jackie also improvised during or after discussions by spontaneously inventing

follow-up tasks to present to her students. The intent was to assess their understanding
of a particular concept or to get them to look more closely at it. She did this on April 8th,
at the end of a lesson on fractions focused on the meaning of the denominator. The
lesson had produced more evidence for Jackie that students were still unsure about what
the denominator indicated, particularly when the whole was a group. She,
consequently, closed the lesson by asking students to complete the following sentence in
their notebooks: "The bottom number of a fractiontellsme__ "; she thendrew a
picture to explain.

Jackie's commitment to creating lessons responsive to her students and that
helped them make mathematical connections often led her away from curricular plans
outlined in the text. She recalled at the end of the year:

Sometimes when I was doing something and I just realized that the kids weren't

getting it or they brought up some kind of question and it, the book, wasn't at

that point. . . . and I felt that it was a good learning place. And so we spent some

time with it" (Interview, 7/1/93).

As I described above, Jackie made spontaneous decisions during both sets of lessons I
observed. In the fall, she changed her original plans when a student made an
observation that provided a logical connection to the topic of the next chapter. Later in
the year, Jackie dropped the plans she had made in the fraction chapter to address
conceptual difficulties the students had with the previous lesson. These changes in
course were motivated by what she believed students needed to understand and what
she learned from listening to them during class. After the fraction lesson revealed
students' difficulties, Jackie confessed: "I sure learned that I have to go back and do some
things a lot more than I thought" (Interview, 4/8/93).

Jackie's tendency to look to her students and the mathematical ideas in deciding
where to go next is reminiscent of Yinger's (1988) view of teaching as improvisation:
"The teacher is cast as an actor in a three-way conversation between teacher, students,

and problems" (p. 86). The text contributed problems or mathematical ideas to this
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conversation but did not steer or dominate it. As Jackie said, "It [the textbook] gave me

the ideas. . . . Sometimes I came up with my own ideas, but a lot of times it was at least
the jumping-off point and it did, at least, start me thinking" (Interview, 7/1/93).
Jackie's Orientation To Textbook Use and Opportunities To Learn

This examination of Jackie's teaching reveals two conflicts between what she
brought to and expected from her textbook and what the book offered. Both involve
contrasts between how Jackie used the text and how textbook use is imagined by
developers and policy makers, and both influenced the extent to which the text could
support her learning to teach mathematics for understanding. The first conflict was
between her focus on ideas underlying the tasks in the text and the developers' primary
vehicle for communicating its intent. As the analysis in Chapter Three suggests, the
text's only method of communicating with those using it was through the instructional
tasks it suggested. The second conflict emerged from her tendency to follow the lead of
the students and, consequently, move away from the plan in the text. In both instances,
Jackie's orientation towards the textbook allowed her to use the text in ways that ignored
the developers' offerings.

From one perspective, Jackie's dismissal and revisions of the text's offering raise
little concern. As Ben-Peretz (1990) described it, Jackie is fulfilling her role in the
curriculum development process by transforming the written text into something
beyond the developers' intentions. The tasks she created managed to stretch the
offerings of the text beyond their initial capacity. This perspective, however, does not
consider the text's role in this process Nor does it assume that texts might contribute to
teachers' learning. The limited impact the text had on Jackie's teaching is more
disconcerting for those looking to reform-oriented curriculum materials to stimulate
change. Because Jackie drew on her own resources (mathematical and pedagogical
knowledge) to construct tasks, any alternative used was restricted by the knowledge and

vision brought to her teaching or developed through it. The content of the text had little
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input. As aresult, there were mathematical and pedagogical ideas in the HBJ text

inspired by current reforms that Jackie missed. Following is a description of one of these
missed opportunities.

Estimation: Missed Opportunity To Learn From the Text

By not using the tasks suggested in the text, Jackie missed an opportunity to
reconsider the role of estimation in learning computation. Estimation has been included
in mathematics textbooks for some time, but its role was minor. In general, it was taught
after a given computational procedure as a set of steps that involved rounding numbers
to the nearest 100 or 1,000 in order to compute with them quickly. Reform documents,
such as the NCTM Standards , suggests a different view of estimation. Calling for
increased emphasis on number sense and reasoning, reformers claim that estimation
requires an understanding of the operation and number system to approximate a
reasonable answer. In response, reform-oriented texts have made estimation more
prominent. Developing appropriate estimation skills is one of the objectives stated in
the HB]J text for 8 of the 13 chapters; in each case, at least one lesson is devoted to it.
And, in most cases, the lesson comes before the actual algorithm is taught. For example,
Lesson 2.3 in the chapter on addition and subtraction is devoted to estimating 3-digit
sums and comes before the lesson on the steps of regrouping. The implication is that
understanding the meaning of addition, developed through estimation, is an
appropriate precursor to learning the actual addition algorithm. This, or any other
rationale for the increased emphasis on estimation, is not given in the text. These ideas
were suggested only through the tasks it gave teachers to use.

Following her own sense of how students should be introduced to 3-digit
addition or subtraction, Jackie developed tasks that did not include estimation. Nor did
she see it as a useful precursor to the topic. When I asked her about it, she said that she

did not want to "confuse them" by introducing estimation before the students learned
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the actual computational steps. She said: "I thought before they're ready to estimate,

let's actually do some [addition]" (Interview, 10/22/92).

In this instance, Jackie's orientation to textbook use allowed her to ignore the
text's efforts to present estimation as something other than an isolated skill used to check
for computational accuracy. Her view of estimation as separate from computation was
unaffected by the text: "They've been doing addition problems, and there was enough
confusion. And I almost think that if I were then to jump over to estimating it would
have just confused them. Sometimes adding one more thing just confuses them".
(Interview, 10/22/92). Jackie saw estimation as an additional topic, not as an integral
part of addition and subtraction. The HBJ text's only means of challenging this view was
to provide estimation tasks for students to do. This, however, was not the idea that
Jackie understood.

We cannot assume that, had Jackie followed the text's instructional suggestions,
she would have seen the relationship between estimation and computation. However,
we should not discount it as a possibility. In fact, the following analysis of Jackie's
learning suggests that the events that provoked her to examine ideas more deeply and to
see new mathematical connections were those that occurred within her teaching. As she
attempted to develop students' understandings of various topics, she found herself
seeing new connections. Thus, if Jackie had tried the estimation tasks at the beginning of

the chapter, she may have found herself reconsidering the role of estimation.

Opportunities To Learn From Teaching

The HBJ text did not have a significant impact on Jackie's teaching, but she did
not end the school year in the same place that she began. Over the year, she made
mathematical and pedagogical gains that affected her teaching and influenced her
relationship to the text. These instances of learning and their influences on her teaching
can provide insights into the type of resources that might support her growth. In the

following sections, I have tried to characterize this growth observed through her
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teaching and conversations over the year. I use the word "try" because capturing and

describing learning is an indistinct task. Even though Jackie seemed more conscious and
open to her own learning than many adults, she found it difficult to articulate:
"Sometimes it's hard to put your finger on it [what you have learned]. . . . or you may
feel that it is so little that it doesn't count” (Interview, 10/15/92). As these descriptions
suggest, even small and illusive, what Jackie learned through teaching had a substantial

impact on her.

Seeing mathematical connections. The growth that Jackie experienced in her
mathematical knowledge did not include acquiring a range of new concepts or
procedures. Rather, it involved deepening her understanding of the mathematical ideas
embedded in topics she had taught for years, seeing new connections . Russell et al.
(1995) argued that recognizing this new learning about old content is an important part
of extending one's definitions of learning mathematics in ways likely to have
pedagogical impact. Their extended definition includes:

An ongoing and gradual process in which understanding of familiar content is

deepened as one makes new connections and distinctions. A new representation

of mathematical relationships may illuminate an aspect that was previously

invisible even though that relationship was already known or understood. (p. 2)

In place-value and fractions, Jackie initially felt unsure about the central ideas.
Her knowledge was not as procedural as the preservice teachers Ball (1990) studied, but
was just as fragmented. Through the process of constructing and adapting her
curriculum, Jackie's understanding of the mathematical ideas deepened and became
more connected. As she struggled to create instructional tasks that engaged students in
representing, exploring, and talking about mathematics, she developed her own sense of
the key ideas and relationships students needed to understand. Through teaching,
Jackie developed a primary component of pedagogical content knowledge (Shulman,
1986), an understanding of the subject matter that is integrally connected to how it might

be taught.
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At the beginning of the year, Jackie expressed concern about her own

mathematical knowledge. Her readings of documents such as the NCTM Standards
indicated to her that good mathematics teaching called for strong mathematical
knowledge. She knew that she did not fit this description. "I agree that you really do
need a good background," she told me during our first interview. "I have a pitiful
background in math" (Interview, 9/11/92). She further explained that she had not
realized how weak her mathematical background was until she had begun to reexamine
her teaching. She wanted her students to understand mathematical ideas and their
interrelationships and to use this knowledge to solve problems. Because this image of
teaching was foreign to her experience, she had little to draw on in accomplishing this
vision. As it turned out, Jackie's understanding of familiar and unfamiliar mathematical
concepts deepened through her efforts to create learning opportunities for her students
that focused on underlying meanings.

An early example of Jackie's learning about a familiar topic occurred during the
place-value unit. She began the year believing that if she understood place-value and its
role in column addition and subtraction. She described the time she devoted to it as "a
good investment." If they understood it, "other things would come more easily"
(Interview, 9/24/92). Despite her understanding of the relationship between them, she
seemed to view place value and computation as two distinct topics, the first as a
precursor to the latter. When contemplating a jump from place value to addition and
subtraction, she said that she needed to "get off that topic for a while . . . but, somehow,
come back to it later" (Interview, 9/24/92). Through selecting and designing tasks and
listening to her students describe their understandings of the number system, Jackie
began to see stronger connections between these two topics. A key turning point was
Randy's description of the relationship between 24 thousands and 2 ten thousands and 4

thousands. She realized that the connection Randy was seeing was moving them into
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regrouping. From this point, these topics became less distinct. In essence, their move

into the next chapter was a way to continue working on place value.

Jackie began to see place value as a powerful idea underlying all computational
processes. This understanding was evident in her response to my question about what
she intended to pursue after column addition and subtraction:

I'm hoping that from there we could try making sense out of multiplication,

which is funny because I never thought of what multiplication was too much

until I started doing this. And I'm trying to think, well how am I going to make

sense of this. (Interview, 10/30/92)

As I questioned her further, she described a new realization about multiplication
problems such as 43 times 51. She had always taught her students to multiply 1 times 3
and then 1 times 4. Now, she realized that "it is really 1 times 40," and she wanted her
students to understand this as well. "So they're actually seeing that it's not 1 times 4; it's
1 times 40" (Interview, 10/30/92).

Sometimes observing what her students did not do, rather than what they did
do, prompted Jackie to recognize a mathematically significant idea that she had not
considered; this occurred on October 15th as she watched her students work on the
dart-board problem described earlier. Even the problem involved finding the possible
scores one could get with three darts, Jackie started the class discussion with a new
question: "How do you know you have them all?" She later explained that she had
asked this question to push them to think logically and systematically about the actual
question. However, it was not until she had observed her students' unsystematic and
varied solutions that she realized the importance of such a question. "Some of them
were not looking at all the possible solutions," she explained, "and others were looking
at all the possible patterns. . . . at all the possible ways of combinations” (Interview,
10/15/92). Jackie showed me that several students had written down the following
permutations as three different possibilities: 5-5-2, 5-2-5, and 2-5-5. When she saw these
solutions, she realized that it was important to consider whether these "would be the

same solution or would they be three different solutions to the same problem"
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(Interview, 10/15/92). Thus, she constructed a question that she believed might help

them "see that the order didn't make a difference" (Interview, 10/15/92). Jackie had not
selected this problem to address this idea. It was a problem of the day that had caught
her eye because it had more than one solution and because "they would have to think a
little bit more" in order to solve it (Interview, 10/15/92). In other words, it was through
helping her students make sense of the problem that she began to consider the
mathematical complexity embedded in it.

Jackie also learned from teaching unfamiliar topics. Early in the fraction unit she
shared concern about her knowledge of fractions and whether she was addressing the
important ideas: "This year it's kind of like I'm learning right along with them what is
important. I think they are getting some really big ideas here, but am I touching on all
the big ideas?" (Interview, 4/7/93). Exploring the topic with her students led Jackie to
look deeper into the concepts underlying the rules that she believed she understood. It

was as though she was seeing relationships in new ways:

Things are dawning on me. "Oh my god, that's what this all is!". . . . never
thought that. . . . one half was the same as five tenths. I mean, I did equivalent
fractions because I had to, but I don't think it really dawned on my mind what
that meant . . . . It's actually making more sense. I am starting to see why I did
the things . . . . I didn't necessarily think it was important to do all this. If you
learned the rules and can do it, that was fine.. . . . [Now] I definitely disagree
with it. I think the more they make sense out of it, ‘cause then they can go on and
do tougher things on their own. (Interview, 4/7/93)

Similar to the other instances of learning, Jackie came to understand the meaning of
equivalent fractions through attempts to help students explore them; the opposite was
true as well. As Jackie's understanding of the mathematical ideas she was teaching
deepened, her ideas about teaching and her sense of self as a teacher also grew.

Gaining pedagogical confidence. Jackie's increased understanding of these topics
influenced her ideas about teaching and tended to boost her confidence in her

pedagogical abilities. These changes mitigated her trust in the authority of the text,
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leaving her to draw on herself more and the text less. This was first evident in the fall

when Jackie dropped any doubts she had about skipping items in the text.

Initially, Jackie hoped that the textbook might effect change in the way
mathematics was taught in the district or, at the very least, assist her in teaching
mathematics for understanding; this did not happen. Early on, she realized that she
could not pursue each topic in the text at the depth she believed was appropriate. By the
middle of October, she had developed skepticism about the developers commitment to
the goals of student thinking and understanding. These concerns were triggered by the
amount of content in the text. As she confronted the need to skip more and more
suggestions, she began to question the extent to which real understanding could be

achieved while covering the many topics in the text:

If they really want understanding, then they're really asking too much....It'sa
question of we can teach all those things they want, but if you really want them
to understand it. . . . I couldn't even cover the old book back when we did it the
old way where you taught the lesson and they did X amount of practice pages
and taught the next thing. . . . I certainly am not gonna get through a book if I'm
teaching for understanding. There's no way if they're really going to interact
with each other and learn from each other. There's no way we could get through
that much. (Interview, 10/15/92)
Jackie's increasing pedagogical confidence gave her ground on which to assess the text.
At this point, however, she still believed that skipping textbook suggestions was
arisky path. Her limited knowledge of upper-level mathematics disadvantaged her in
making wise decisions about what was essential and what could be eliminated: "I never
took trig. . . . and calculus, I mean I have no idea at all what calculusis....I'mnota
strong mathematician” (Interview, 10/15/92). Thus, she considered skipping “a big risk"
primarily because she believed she might inadvertently eliminate a “critical piece” of the
curriculum, something that might "help them later with algebra or geometry"

(Interview, 10/15/92).
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Up to this point, Jackie had expressed trust in those responsible for the text to

guide her through the fourth-grade curriculum. However, as she examined the contents
of the text to pare the offerings down, doubts about their intentions emerged:

Here are these people who really know math," she commented, referring to the

authors pictured in the textbook with PhDs after their names, "and here they are

saying these are important things to know. And I'm saying, well I really don't
think this is so important. . . . A lot of times I think they write a lot of things in
here just to try and cover and please everybody, whether it's important or not"

(Interview, 10/15/92).

Jackie's diminishing faith in the text also was fueled by her developing
understanding of the mathematical ideas described above. As she began to believe that
the tasks she was designing actually engaged students in productive ways of thinking,
she began to develop more faith in her choices. For example, when I asked her about
her decision in October to move into column addition and subtraction after less than half
of the place-value chapter, Jackie explained that the direction they were headed made
sense to her: “When I realized that that's the direction we were going, I decided that I
would work a little on [it]" (Interview, 10/22/92). On October 30th, after observing that
the third lesson in 3 weeks was constructed entirely by Jackie, I asked her if what she
was doing fit with what was in the textbook. Her response illustrates the confidence in
the choices she had made: "Well, if it does, I don't know that. ‘Cause, I just kind of had
in my mind how I wanted to do this math and go with the manipulatives. ... I just
haven't bothered to look at it" (Interview, 10/30/92). Over a 6 week period, the
uncertainty that Jackie felt about her choices to omit various subjects in the textbook
and select others was replaced by confidence in her capacity to make appropriate
selections and to create worthwhile lessons.

As Jackie began the fraction unit in the spring, some of the uncertainty about
making appropriate decisions resurfaced, but only briefly. Early in the unit she told me
that she was learning right along with the students, and she confessed that she was not
sure what the "big ideas" for fractions were (Interview, 4/7/93). She drew tasks from

the margins of the teacher's guide to shape the first few lessons. However, as she
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focused on helping her students "make sense" of the meaning of fractions, her sense of

the big ideas began to take shape. This focus guided her in creating tasks to help
students confront them. For example, she believed that the book presented fractions
narrowly: "They look at a fraction in only one way. . . . For instance, here [pointing to a
diagram on page 321], this is two sixths and that's all they want. I'm hoping that they
[the students] will also see that that could be one third. I am wanting them to get
beyond that fractions aren't just necessarily written one way" (Interview, 4/7/93). This
goal, which Jackie was unable to articulate before she began teaching the unit, seems
related to her deepening understanding of the meaning of equivalent fractions.

By the second week of working on fractions and after several lessons that
revealed students' misconceptions, she had developed clear ideas about what they
needed to understand and what was difficult for them. At the top of her list was
understanding the significance of the numerator and denominator: "They really need to
understand what a denominator means and the numerator" (Interview, 4/12/93). The
lessons she constructed focused on this concept and were not inspired by the text.

As Jackie watched her students "make sense" of the meaning of fractions, she
found that the pedagogical approaches suggested in the text did not compliment her
goals. For example, she was critical of the book's tendency to give the students rules.
"One of the things I'm trying to do more and more. . . . is have them come up with the
rules” (Interview 4/7/93). Thus, instead of following suggestions in the text, Jackie
gave students problems she believed would illustrate these rules and then used whole-
class discussions to explore them more fully.

By the end of the school year, Jackie no longer had doubts about veering too far
from the text and omitting important ideas. Reflecting on her use of the textbook over
the year, she laughingly confessed: "Whenever I didn't feel that it was doing what I
wanted to do, I did my own thing" (Interview, 7/1/93). The confidence that she had
developed pushed the text further away from her, limiting what it was able to offer.
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Orientation of the Text and Opportunities for Jackie to Learn

Even though the text was a limited resource in Jackie's learning, it did not limit
what she was able to learn from her teaching. Jackie learned through the processes of
constructing and adapting curriculum ideas, not from following them in the text. She
drew on the HB]J text to guide particular aspects of her teaching. By creating or re-
creating tasks from the text or her own ideas, Jackie engaged the text in a level of
conversation that it was unable to return. As discussed in Chapter Three, the HB]
textbook communicated with teachers through the tasks offered. The text did not talk to
them about these tasks or the ideas underlying them. Jackie's attention to the ideas she
saw underlying the tasks allowed her to use the text while not engaging its central
vehicle for communicating with teachers.

This examination of Jackie's teaching illustrates how her ideas about teaching
shaped her use of the HB] textbook and its consequent impact. Still there were other
contributing factors. A look at the context in which Jackie taught reveals a number of
circumstances that contributed to her beliefs and allowed them to play a prominent role
in her teaching. The following section examines the impact of two uncommon features
of the context in that she taught which provided opportunities for collegial interaction
about her teaching and curricular flexibility; both enabled her to follow her
mathematical ideas rather than the text.

Other Influential Factors: A Context of Support

While typical in many ways, Jackie's school had one less-common feature that
significantly contributed to her growth even before she began using the HBJ textbook.
As a PDS, Kipling offered teachers a range of opportunities to pursue their own
development and to experiment with innovative practices. Jackie enthusiastically took
advantage of several opportunities. Two PDS activities, in particular, influenced the
way she used the textbook: (a) involvement in the math study group, which created a

structure for collegial support, and (b) experimentation with teaching students for 3
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years, which offered greater flexibility in how she addressed various pieces of the

curriculum.
Collegial Support

Jackie's involvement in the biweekly math study group provided her with an
opportunity rare in the work lives of most elementary teachers, that is, an opportunity to
talk with other teachers about their teaching. During these regular meetings, the group
discussed and reflected on struggles and successes they had in their classrooms,
exchanged ideas, and shared with one another small or large instances of growth. For
Jackie, these meetings provided a vital form of support already in place when this study
began:

I think that having meetings and things with each other to talk about math and

what we need in different ways [were] very supportive. I feel like talking with

[the participants in the study group] was very helpful. It was encouraging me

and rewarding me for trying something different. And I think those are the

kinds of things that people need. They have to have that. (Interview, 7/1/93)
For Jackie, this collegial interaction and opportunity to work with university educators
countered the isolation and lack of support that she felt when trying new approaches.
Curricular Flexibility

Another difference in Jackie's teaching situation that had an unexpected impact
on her mathematics instruction was that she had this particular group of students from
third through fifth grade. The purpose of the project was to experiment with creating a
learning community that lasted over several years. Jackie found it to have other,
unanticipated effects. It freed her from one of the most overwhelming pressures she felt
as a teacher, that is, the pressure to "cover the curriculum” in a single school year.

In the past, Jackie found that she was always conscious of her obligation to
prepare students to meet the expectations of their next teachers: "The teacher that
they're getting the following year is going to expect them to have certain things that
they've already mastered” (Interview,7/1/93). Thus, she believed she had to address

all topics, which allowed little time to dig deeply into any. This year, knowing that she
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would have the same students next year, gave her a level of curricular flexibility that she

had not experienced. As she explained: "Knowing I'm having them for a longer period, I
can spend more time and get more kids to really figure out what they're doing"
(Interview, 7/1/93). It also allowed her to organize the curriculum over a 3-year, rather
than a 1-year, period.

Jackie cited the concentrated work on place value and basic operations as well as
the extensive work on fractions, as specific examples of how this freedom impacted the
decisions she made. She was committed to developing students’' understandings these
topics, but she admitted that she would have spent less time on them if she had felt
pressure to prepare students to meet expectations of their fifth-grade teachers. "I
couldn't have," she speculated. "I would have had to make sure that they had had more
on decimals. I would have had to make sure they had more on geometry. Yeah, I think
that really has made a big difference in being able to make some of those decisions"
(Interview, 7/1/93). Jackie explained that she was planning to concentrate more heavily
the following year on topics that received less attention this year.

Learning To Improvise and the Role of the Textbook:
Issues Raised by Jackie's Case

Jackie is a teacher whose efforts to teach mathematics for understanding drew
her from the HBJ textbook. Her case illustrates a version of teaching and change that
involved a recursive relationship between the processes of curriculum construction and
the development of knowledge for teaching (Heaton, 1995). Her commitment to
developing students' understandings led her to construct classroom events that
facilitated the type of exploration and talk she believed necessary. The process of
constructing and adapting these events led her to examine mathematical ideas and
students’ understandings more carefully, adding depth to her ideas about teaching and,
in turn, influencing her pedagogical choices. The HB]J text offered representations and
student tasks that Jackie could draw from, but it had a minimal impact on her teaching

or learning.
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Jackie's case raises two questions about the role of curriculum materials in reform

in mathematics education. The first question examines the nature of textbooks, that is,
what they offer and the way they interact with teachers as readers. It asks what a
textbook would need to look and be like in order to connect with a teachers such as
Jackie in order to contribute substantially to her teaching. The second question involves
the nature of the pedagogy implicit in the reforms and the extent to which any text is
likely to provide support for such teaching. It asks what a text is unable to do. The
current reform-related emphasis on mathematics instruction that makes student
thinking central necessarily assumes the type of improvising and adaptation that
permeated Jackie's teaching. How can a textbook guide teachers in such improvisations?
As Jackie wondered, "A textbook could never sit there and know for sure what questions
kids are going to ask. . . .That's something I don't know that any textbook could ever do"
(Interview, 7/1/93).



CHAPTER FIVE

HELPING STUDENTS BE SUCCESSFUL:
THE CASE OF CATHERINE MCKEEN

Catherine McKeen was typical of many elementary teachers and potential
textbook users today. As an experienced teacher, she had well-developed and fairly
conventional ideas about what learning math included. Computational mastery was at
the core of her instructional goals; careful guidance and repeated practice defined the
route through which it was to be attained. At the same time, Catherine had received the
message that there was more to learning math than computation. That is, students
needed to learn to think and to apply computational knowledge in a range of different
problem-solving situations. She found many of the ideas compelling, and she wanted to
incorporate them into her teaching, but not at any expense. Her hope was to attend to
the reform agenda without abandoning her commitment to helping students obtain
success through computational mastery. Like many teachers in this position, she saw
the new textbook as a likely tool to help her do so.

This process of implementation did not go as smoothly as Catherine had
anticipated. Almost immediately she found that following suggestions in the text
threatened her effort to ensure her students' success, raising doubts for her about the
appropriateness of some reform ideas. Responding to her students' difficulties,
however, presented her with a different perspective on these tasks and her students'’
work on them. Her experience provides a useful site to explore the role of students in a
teacher's interaction with a reform-oriented textbook. After introducing Catherine and
what she brought to her use of the textbook, I proceed with the story of Catherine's first

year of using the text.

137
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Introduction to Catherine

Catherine McKeen was raised in the Mapleton area and began teaching at the age
of 22, immediately after graduating from the nearby university. She had taught in the
Mapleton district throughout the 31 years of her teaching career and had been at
McKinley Elementary School for 24 years when this study began. She has taught third-,
fourth-, and fifth-grade classes. After spending the last several years with fourth-grade
students, she found it to be an age group with which she felt comfortable. There was
much about the students that she enjoyed and that confirmed what she remembered
from her own experience with mathematics. I describe Catherine's accounts of these
experiences and the ideas that grew out of them below.

Catherine's Experiences With Mathematics

Catherine brought to her use of the HB] textbook definite ideas about the
substance and nature of mathematics, how it is taught, and how it is learned. These
ideas developed through her experiences with mathematics as a learner and as a teacher.
The following experiences have impacted her and have played a role in shaping her

ideas about teaching and learning mathematics.

Catherine's Experiences as a Learner of Mathematics

Catherine's experiences as a student were similar to those of many women who
are elementary teachers (Ball, 1988, 1989; Remillard, 1993). For the most part, her
mathematics classes left her feeling discouraged and incompetent. Her interpretation of
these experiences, however, is less common. She attributed them to inappropriate
teaching rather than to her lack of ability: "It almost seemed, like when I was growing
up, you learned the math by yourself. It was introduced and you learned it" (Interview,
11/19/92). Learning math by herself meant struggling to figure things out on her own
rather than being taught how to do them. Consequently, she remembers frequently
feeling frustrated and seldom successful.
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She recalled one instance that made her feel successful. She learned her

multiplication tables and did not need to make marks on her paper in order to perform
computational tasks: "It was a real relief," she recalled, "to be able to do it without
having to make marks" (Interview, 11/19/92). Other than this instance, she could not
recall feeling successful or like she really understood what she was doing. Even though
she took math through high school and managed to learn what she needed to pass each
course, this was all she felt she learned: "As far as learning how to do the problem, you
know, I could do that. But give me a story problem that involved more than one step . . .
it was just that I didn't have the skills to solve them"” (interview, 11/19/92).

Catherine's experiences as a student of mathematics influenced her ideas about
teaching it. She believed that people who are good at math are not necessarily good
math teachers because they "don't understand the child that needs to be taught"
(Interview, 11/19/92). As an "average math student" herself, she claimed that she had
been one of those children.

Catherine’s Experience as a Teacher of Mathematics

Catherine's experience teaching mathematics confirmed this hunch. Because she
was an average student, she believed that she understood the needs of the average
student. As a teacher, she concentrated on providing the instruction that these students
needed in order to be successful. She found that she was able to help many of her
students gain the computational proficiency necessary to achieve that feeling of success.
For this reason, mathematics was her favorite subject to teach: "I love to teach it because
... it's something that they see as concrete, and there's a right and wrong answer, and
they feel more growth in math than they do in, say, reading” (Interview, 11/19/92).

Catherine also felt that her understanding of mathematics had grown through
teaching it: "The things in math are a lot more clear to me the longer I teach than they
were when [ first started teaching." She believed that, through years of teaching, she had

matured and gained experience that broadened her understanding of mathematics and
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students' learning. In particular, working with children helped her to determine "where

they are going to have problems" and what types of mistakes they are likely to make: "I
think it's not only the children that as they mature they understand more; I think that is
true for the teachers, too" (Interview, 12/19/92).
Catherine’s Experience With Current Reforms in Mathematics Education

Over the last few years, Catherine noticed that problem solving and application
of computational skills were receiving greater attention in mathematics, while age-old
maxims were being challenged. The increased availability of calculators, for example,
was bringing into question the need for primary emphasis on computational skills.

Catherine learned about these changes through a number of channels and, for the
most part, she believed that she was responding to them. The increased emphasis on
problem solving, for example, was brought to her attention several years earlier through
the 1983 edition of the Addison-Wesley textbook, which was used in the district between
the mid 1980s and 1992. This text placed some emphasis on problem solving, providing
various strategies to employ and a checklist of steps to follow when solving problems.
Catherine incorporated these strategies and steps into a bulletin board display in her
classroom, which she has continued each year. Communications within the district and
state about policies and assessment also placed emphasis on the application of
mathematical skills. Not only had the district recently purchased a set of calculators for
each classroom, but changes in state-level curriculum and testing placed increased
emphasis on the application of skills and the use of calculators as tools.

Catherine also learned about changed emphases in mathematics education
through conversations with colleagues. One of the fifth-grade teachers in the school,
who was president of the district math committee, played a role in communicating
district- and state-level concerns to other teachers. As a result, Catherine explained, she
heard a lot about undertakings and concerns in the district through lunchroom
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conversations. Thus, Catherine believed that she had been aware of some of the ways

mathematics was changing before she encountered the new textbook.

When the district prepared to adopt a new elementary mathematics textbook,
Catherine found herself confronting many of the ideas of the current reforms in
mathematics education directly. During the 1991-92 school year, she agreed to pilot two
of the four textbooks being considered for adoption by the district. As a pilot teacher,
she attended Math Committee meetings during which the strengths and weaknesses of
the different texts and the goals of the district were discussed. Catherine could not say
exactly what the goals of the district were, but it was evident that one expectation was
that the textbook selected should reflect emphases that were part of national reforms.
As Catherine described it, they wanted a text that could "meet the criteria of the new
math" (Interview, 11/9/92).

Catherine's School Context

McKinley Elementary School was an average to small elementary school in the
Mapleton School District, with two classes for each grade at the upper elementary level.
Interactions among teachers seemed to occur by chance rather than by design.
According to Catherine, most of the substantial interactions with her colleagues
occurred during lunch and at monthly faculty meetings. The updates on the district
math committee's work, passed on by her coll@gﬁe, Joyce, comprised the extent of her
interactions about math. Even though the two fifth-grade teachers in the school worked
closely, exchanging students for math and reading and sharing ideas, this seemed to be
the exception rather than the rule. Catherine rarely spoke about the other fourth-grade
teacher, and she claimed to know little about her colleagues' mathematics instruction.
Conversations about teaching did not seem to be a part of the McKinley culture.

The experiences described above helped to shape the personal resources that
Catherine brought to her use of the text. As with Jackie, these resources take the form of

mathematical and pedagogical knowledge and understandings, ideas, beliefs, personal
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theories, and commitments. The following descriptions characterize resources that

figured in her interactions with the HB]J text.

What Catherine Brought to her Teaching of Mathematics

The categories used to organize the personal resources that Catherine brought to
her math teaching are taken, to a large extent, from Schwab's (1978) notion of curricular
commonplaces, which include subject matter, teaching, learners, and context (in which
the context considered is the reform context). These, he argued, are the necessary areas
to be considered by developers in "making a defensible curriculum" (p. 368). These
categories also reflect Shulman's (1987) conceptualization of pedagogical content
knowledge in that the content of the learning and teaching categories is tightly
intertwined and is specific to the subject matter. Catherine's ideas about student
learning and her role as teacher also reflected Grimmett and MacKinnen's (1992)
conceptualization of pedagogical learner knowledge, because her pedagogical
perspectives were so connected to her ideas about learners and how to "deal rigorously
and supportively” (p. 287) with them. As the following descriptions reveal, Catherine's
ideas about learners and learning framed her perspective on teaching, as well as her
response to the HB]J text.

Catherine's central goal in teaching mathematics was for her students to feel and
be "successful.” She wanted them to make specific and measurable gains in learning
math that they could build on and apply. She wanted them to feel good about learning
so that they would want to learn more. She wanted them to be successful in other
domains that might require mathematical skills. These desires, and her ideas about
what students needed to achieve success in mathematics, were predicated on the
following ideas and understandings that she brought to her teaching.

Catherine's Ideas About Mathematics

Catherine viewed mathematics as composed of a list of discrete topics that

matched the titles of the chapters in the textbook. Each topic fit into one of two
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categories: computational and other noncomputational topics. The computational

topics, which were essentially the four basic operations, she called "processes.” These
processes, she believed, were at the heart of mathematics. What she referred to as "other
skills" were the subjects of the noncomputational chapters in the textbook, such as
fractions, time, measurement, geometry, and place value.! These skills, she believed,
provided contexts for the processes to be applied and tended to be more interesting to
students. However, they "were awfully easy to just kind of ignore when you were just
doing computation kinds of things" (Interview, 11/19/92). In fact, it was Catherine's
opinion that, until recently, these topics had been ignored in elementary math: "In the
past, it's been mostly a computation kind of math where, you know, you just worked on
computation,” she explained. "[Now], they're stressing so much problem solving and
the different skills" (Interview 11/9/92). In response, Catherine began to emphasize
these skills more in her teaching.

Still, she differentiated between computational processes and the other topics by
the expectations she had for her students' learning of them. She believed that students
should learn about each topic in the textbook, computation had priority. Learning these
processes "sets the foundation for any higher math" (Interview, 12/17/92). Thus, the
four processes needed to be "mastered” whereas the other topics were "talked about each
year and eventually they may just sink in as the maturity level hits" (Interview,
12/17/92).

Catherine also had strong views about the nature of mathematics. She saw
mathematics as concrete, factual, and procedural, consisting of correct steps and having
unequivocally right answers. As a learner, she found it reassuring when she made
tangible steps in learning facts or procedures because this progress was visible. These

characteristics made teaching mathematics appealing.

IThe terms "processes" and "skills" are Catherine's. She consistently used them to describe the
way she classified the curriculum. Her use of the term "processes"” refers to what many would
call computational skills. At the same time, many of the items under her category, "skills" (the
noncomputational items in the curriculum) are sometimes referred to as processes.
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Catherine's Ideas About Students' Learning of Math

Catherine also brought views about students and learning to her teaching in the
form of assumptions about the learning process. Many of these views were interwoven
with her ideas about the substance and nature of mathematics. For instance, because the
most important things for students to learn were computational processes, Catherine
viewed learning as a process of being shown what to do and then practicing specific
procedural steps. Consequently, as my descriptions of her teaching illustrate, she built
heavy doses of practice into lessons on computation as well as noncomputational topics.

Catherine also held particular conceptions of students that influenced their
learning. She believed that students needed to feel successful in math in order to be
interested in continuing to learn. She recalled feeling discouraged when she was not
successful in math. In her teaching, she noticed that students were encouraged when
they made visible progress in learning. She also observed that being overly challenged
without clear evidence that they were making progress discouraged them. She worried,
for example, about students like Justin, who seemed unable to memorize the
multiplication tables: "He's a positive child," she told me, "but I could see, as the years
went on, that probably he would get very, very discouraged"” (Interview, 11/19/92).
This concern led her to give him a multiplication grid to keep on his desk and to use as a
reference: "At least he feels some success instead of zero success," she explained.

Because she believed that students' feelings of success impacted their motivation
to learn mathematics, Catherine preferred to give them tasks that they could accomplish
without becoming discouraged along the way. She believed that arithmetic facts and
computational procedures were safe bets because learning them involved a level of
thinking the students had at their disposal. She was cautious about presenting students
with tasks that they were not "ready" to do to avoid discouraging them.

Catherine's idea that what students are able to learn was determined, in part, by

their readiness was another stance that Catherine brought to her mathematics teaching.
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Even though she never described it as such, it seemed grounded in developmental

theory. In other words, she believed that students' development or maturity played a
role in their abilities to learn particular things. Thus, she was not concerned that some of
her students could perform the steps in multiplication but did not understand them: "I
think, sometimes, that comes with maturity, you know. Some of them are not gonna
understand it in the fourth grade” (Interview, 11/19/92). Consequently, she worried
that the new emphases in mathematics were expecting students to accomplish tasks that
they were not developmentally ready to do. The complex problem-solving and
thinking questions were likely to challenge students beyond a comfortable level, placing
their feelings of success at risk: "I think it's good to problem solve, but I also think that
sometimes, at this level, they're just, maturity-wise, they're not ready for that, and they
can become very, very discouraged if they don't also learn to do some computation”

(Interview, 11/9/92).

Catherine's Ideas About Teaching

The ideas about teaching and the teacher's role that Catherine brought to her use
of the textbook were closely related to her ideas about students and their learning. She
believed that the teacher's role was to "teach” rather than to leave students to figure
problems out alone. This conviction corresponded with her view that students learn
from being told or shown, and it stems from her belief that she was never "taught." It
also fit with the value she placed on learning computational processes, since they lend
themselves to showing procedural steps. During our early conversations, Catherine
often recalled her experiences as a student of mathematics to support her views on
teaching. After explaining that she never felt as if she had been taught and describing
the frustration that accompanied this feeling, she said, “I would like them [her students]
to be able to feel like they had been taught, you know, instead of just being introduced

and then you just kind of struggle through it on your own” (Interview, 11/19/92).
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For Catherine, teaching involved "showing them how to do something" and

carefully examining their work to determine “"exactly what they've done wrong"
(Interview, 11/19/92). This type of teaching, she believed, required the willingness to
go over the material until the students understood. Given all the topics that had been
added to the mathematics curriculum in recent years, Catherine believed that many
teachers felt pressure to advance to the next topic before students were ready.
Catherine's Views of the Reforms in Mathematics Education and the HB] Textbook

Catherine saw the reforms as additive rather than transformative. That is, she
believed they were attempts to add tools and topics such as calculators, problem solving,
and manipulatives to mathematics instruction and the curriculum rather than to propose
a fundamental revision in how mathematics was taught or viewed. She frequently used
the phrase "the new math" or "the new definition of math" to refer to national and state
efforts to reform mathematics instruction. The main message of these efforts was "that
children should be able to problem solve in math” (Interview, 11/9/92), but they also
included increasing emphasis on the noncomputational topics in the textbook.

In general, Catherine was not opposed to these topics receiving greater emphasis.
She acknowledged that students needed to learn how to solve problems, to apply their
computational skills, and to use artifacts of modern technology such as calculators. In
fact, she felt these ideas were reminiscent of goals that had always been valued:

I think that the emphasis on problems solving, which involves more thinking,

has been within the last few years. But I think we always had the feeling that

they should be able to apply what they knew, which involved more thinking. I

think that's always been one of the things. . . But I think that suddenly the

textbooks and the people that are writing the math curriculum, whoever those

people are, have suddenly decided that we really need to work on that.

(Interview, 12/17/92)
She seemed to be convinced that making problem-solving and other thinking-oriented
topics part of the explicit curriculum could help children by increasing their
understanding: "I think math is easier if you really understand what we're talking

about" (Interview, 11/19/92).
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Catherine also recognized that the use of manipulatives in instruction was a

fundamental part of the proposed changes. This was one aspect of the reforms she
admitted that she had not embraced. When I first talked to her, she had not used any of
the manipulative suggestions in the text: "I'm not used to working with manipulatives,"
she explained, "and to be perfectly honest, I need to stop and go through what I have in
manipulatives” (Interview, 11/9/92). Catherine also believed that the role of
manipulatives, like training wheels, was to support temporarily students'
understandings during the learning process. Thus, she only saw them as necessary
when students were having difficulty grasping particular ideas. On several occasions,
she explained that she did not "need" to use the manipulatives suggested in the text
because "they [the students] understood it" without them (Interview, 11/9/92).

Catherine had two main concerns about how the new ideas in mathematics were
represented and taught. The first concern was that the increased emphasis and time
allotted to noncomputational topics was "at the cost of computation.” She believed that
many interpreted the changes in mathematics education as an attempt to eliminate
computation: "In the new definition of math, a lot of people think they don't need to
know their facts" (Interview, 11/9/92). This view was not hers nor that of many of her
colleagues at McKinley. She believed students did need to memorize addition and
multiplication facts, and they did need to learn to perform the four basic processes or
operations. Speaking for herself and her colleagues, she explained: "We'll do more
problem solving and everything like that, but we feel they do need to know their
multiplication tables" (Interview, 11/19/92).

Catherine was also concerned that the new ideas in mathematics did not
necessarily consider what students were ready to do:

I just think that someone, someplace, came up with this new definition of math,

and they're making all these decisions about what children should be able to do.

And I think they've always done that, you know. I mean, any textbook will say

in fourth grade you should be able to do this and, and sometimes the children
just aren't ready. (Interview, 11/9/92)
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She believed that some of the nonroutine, multistep problems were examples of these, as

well as other questions on the student pages that asked them to generalize beyond what
they had been taught rather than to practice it.

Of the four textbooks piloted by the district, Catherine believed that HBJ] had
been the best choice. While not being too extreme (like one text), it represented a notable
change from the old text. She admitted that she had not been dissatisfied with the old
Addison-Wesley textbook. She also liked the new edition of the Addison-Wesley
textbook but realized that it did not have the potential to facilitate change in the way the
HBJ text did, which is why she voted for HBJ: "I liked Addison-Wesley; I felt very
comfortable with Addison-Wesley because it was so much like the old one. And I
thought that's not, I guess that wasn't what we really needed if we were trying to
change” (Interview, 11/19/92).

Other than the emphasis on manipulatives and the tendency to ask too much of
students, there was little about the HB]J textbook that Catherine found unsettling; much
of it seemed familiar: "It kind of goes through things just the way the other book does.

It covers the same things" (Interview, 11/9/92). It also had much to recommend it. She
was particularly impressed with the "Problem-of-the-Day" section, as well as the general
emphasis on problem solving woven throughout the lessons.

There's a lot of problem solving in here. . . . I think they present it quite nicely. I

think that they present it in an interesting way to the children. Like, I don't

remember ever seeing any tallying like, say, on this page in the other textbooks. .

.. They have them answer questions about, about what they see, it isn't just how

many. ... They don't just teach them how to tally, they ask them questions

where they have to use some thinking, some problem solving. (Interview,

11/9/92)

At the same time, she did not believe that computation was being compromised. "This
book isn't asking us not to teach computation, you know. . . I like this book because of

that [it teaches both computation and problem solving]" (Interview, 11/19/92).
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Catherine and the HBJ Textbook:
A Gradual Journey Through New Terrain

Catherine's view that the HBJ textbook valued the ideas of the reform without
throwing out what had always been central to math figured powerfully in how she used
it. From the beginning of the year, she structured her practice to incorporate new ideas
in the text without sacrificing others. This involved adopting certain elements of the text
when she believed them to be reform-inspired; it involved relying more heavily on her
own resources in areas she believed the reforms didn't speak to. Initially this structure
enabled her to embrace the text and the reforms without substantially challenging her
ideas about teaching or learning mathematics. It was not long however, before
Catherine encountered conflicts between the ideas in the text she was trying to

implement and what she believed to be good practice.

Embracing the New While Maintaining the Old

When I first spoke to Catherine, she had been using the HB]J textbook for
approximately 7 weeks. She claimed that she liked most aspects of the book and gave
the impression that she had fit it comfortably into her teaching. She told me that, even
though she had not always relied heavily on a textbook, she believed that it was
important to give this new book a try. She later explained: "I want to do it with the
book mostly this year and then, I think, then I'll have a better idea of what's gonna work"
(Interview, 11/9/92).

During the six-week period in the fall that I observed and interviewed Catherine,
I learned that what she meant by "do it with the book" differed according to the topic
taught. Her mathematics instruction had three distinct layers (computation, non-
computational topics, and problem solving), each of which was open to revision to a
different degree. Consequently, each layer was influenced by the text differently. In the
descriptions that follow, I provide a glimpse of how Catherine integrated the HBJ text
into each layer of her teaching and of the conflicts that arose as a result. First, I describe

the components of the text she used; then I discuss, in greater detail, how she used them.
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Teaching Computation and Noncomputational Skills

My first observation of Catherine's mathematics teaching and the conversation
that followed illuminated the distinction she made between computational processes
and noncomputational skills, as well as the role this distinction played in her use of the
textbook. During that November 5th lesson, Catherine closed the class' work on the first
chapter on place value by reviewing the answers to a test the students had taken earlier
that week. She then skipped the next two chapters on addition and subtraction and
multiplication and advanced to the first lesson in Chapter 4 on Time, Graphing, and
Data. Catherine later explained that the jump from the first to fourth chapter was part of
her strategy for giving the other topics emphasized in the reform movement appropriate
attention. In the past, she tended to spend more time on computation, leaving little time
to devote to other skills. This particular year she was trying to devote more time to the
noncomputational chapters in the text. She made the time to do this by relying on her
own approach, rather than the text's, to teach computation.

In the past it's been mostly a computation kind of math. ... Because they're
stressing so much problem solving and the different skills and everything, I've
just decided that I wanted to cover these kinds of things in this book
[noncomputational topics]. And then with the computation things, I think that
those things can be taught quite quickly . . . and then you can go on to things that
are harder to remember and spend more time on that. (Interview, 11/9/92)
Catherine attended to both groups of topics by focusing on one topic from her
computation (“processes”) category and one chapter on "other skills" concurrently. Even
though she sometimes devoted an entire lesson to computation or a lesson in the text,
she claimed that more often she had the students spend time on each in a single lesson.
In teaching computation, Catherine did not use the chapters in the HB] textbook:
"I'm not necessarily using the textbook for teaching the whole number computation
kinds of things," she told me. Rather, she relied on her own repertoires to teach basic
processes. Through her years of experience, she had developed ideas about what

students needed to know in order to compute and how they best learned it. This
knowledge, rather than the textbook, guided her in teaching the processes. The focus of
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this instruction was on the mechanics or steps of the process, and it involved ample

repeated practice. Sometimes she drew on the practice problems in the new textbook or
those in the old textbook. More often, though, she designed her own practice sheets or
put problems on the board. Catherine looked only minimally, if at all, at the chapters on
teaching addition and subtraction or two-place multiplication. She knew few details
about how these problems were addressed in the textbook.

Catherine did not view her approach to teaching computation as a rejection of
the text. In her eyes, the changes brought on by the reforms were added to computation
and had nothing to say to that layer of her instruction. She also believed that not
following the textbook to teach computation facilitated her use of the text in other ways
that were responsive to the reforms. It allowed her to move the students through the
basic operations quickly, affording more time for topics emphasized in the "new
definition of math."

I have been more apt to hit things that I haven't hit other years because in the

past, like I said, the emphasis was on computation, and you know we have to

change our way of thinking. And so I think within the last two or three years is
when I started doing both things in the same hour. ... What I found since I've

been doing it this way is I'm spending more time on these kinds of chapters.. . .

like the measurement and um, geometry, some of the things that were awfully

easy to just kind of ignore when we were just doing computation kinds of things.

(Interview, 11/9/92).

Thus, in order to embrace the topics receiving increased emphasis, Catherine dismissed
the textbook's guidance on teaching the computational processes.

In teaching the other topics, Catherine relied on the new textbook to provide
tasks and structure for the lessons. She felt free to omit items from the lessons, skip
some lessons all together, and rearrange the sequence of others. The following
descriptions of two of Catherine's lessons exemplify how she distinguished between
computational processes and noncomputational skills in the fall. The lesson I observed
on November 19th was typical of the way she taught both processes and other skills in a

single lesson. It also illustrates her reliance on her own strategies to teach computational

processes in contrast to her use of the text to teach the "newer" topics. The second lesson
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I observed (December 3rd) illustrates, in more detail, how Catherine relied on the text to

shape her teaching of noncomputational topics:

A lesson combining multiplication and time. On November 19th, Catherine
taught a lesson that combined work on estimating time from lesson 4.3, with
instruction and practice on multidigit multiplication. It began at 1:30, the usual
time; she started by giving the students a 2-minute timed test on multiplication
facts. After collecting their papers, she opened her teacher's guide to page 114
and proceeded with a very brief introduction to the lesson. She followed several
of the suggestions from the Teach section in the teacher's guide, posing questions

about the relationships between various units of time, like "How many months in
2 years?" She then went right to the suggestion at the end of the lesson that
presented sentences, like "Christmas comes oncea ___." It only took a few
minutes for Catherine to ask these questions and get the correct answers from
her students. She then skipped the introductory tasks on page 114 of the student
text. These introduced the idea of estimating time with questions that focused on
selecting the units of time most appropriate to estimate the times of various
events. Instead, she instructed the students to get into their groups, which were
determined by whether they were working on one- or two-place multiplication.
While Group Two was getting settled on one side of the room, Catherine
distributed a page of multiplication exercises that she had produced by hand to
Group One and instructed them to complete it before answering the practice
questions on page 115 of their textbooks.

Catherine then moved to Group Two and told them: "We are going to
practice our two-place multiplier multiplication problems." She went on to
explain that many students were not consistent in their steps. Sometimes they

multiplied rather than adding on the last step. She wrote:

756
x 63

on the board and walked among the 13 students as they worked silently on the
multiplication exercises. She then carefully went over each step of the procedure
with the entire group, reminding them that they put a zero when they were
multiplying by six because: "six is really not just plain old six. It's 60." She
stopped frequently and asked the students if they had done particular steps
correctly. When students admitted mistakes, she asked: “"Can you put into your
own words what you did?" Students answered by explaining what they had
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done incorrectly. She continued this sort of practice for 18 minutes and then
distributed a page of similar exercises for them to complete before they went on
to page 115 in the text. She monitored their practice for almost 20 minutes,
pointing out incorrect answers that they should check later and making
suggestions like: "Don't forget to draw your line under your partial products.”

Once these students were well into their practice, Catherine moved to the
seven students in Group One and monitored their work on one-place
multiplication for about 10 minutes. She then called the entire class back
together and spent the last 4 minutes of the lesson going over answers to the
"board work" problems that the students had done earlier that morning. These
included both multiplication and telling time tasks. (Observation, 11/19/92)

The lesson's primary focus was directed practice of the steps of the multiplication
algorithm. Catherine drew on her pedagogical repertoire, as well as her knowledge of
common student errors, to form the questions asked and the guidance offered. As was
always the case, Catherine was gentle and supportive with her students. She wanted
them to "understand"” each step of the process so they would not forget it. Her approach
seemed to be influenced by her experience:

When [ used to do math. ... Ijust did what I was told to do, and I memorized

the process without really understanding that those two partial products are just

part of the answer and why they were only part of the answer. I think these

children understand that better. (Interview, 11/19/92)

Even though combining a textbook lesson with some amount of computational
instruction or practice was typical of Catherine's instruction, she did not always devote
as much time in a single lesson to computation as she did on November 19th. The
following lesson from December 3rd, was drawn almost completely from the textbook.

It illustrates patterns in the way she structured lessons, regardless of whether or not they

were drawn from the text.

Doing it with the book: A lesson on using tables and schedules. The December
3rd lesson on using a table or schedule was one of the two problem-solving

strategy lessons per chapter. Like all problem-solving lessons, the first student
page was devoted to instructing students on the steps of using the featured
strategy, in this case "using a table or schedule." The second page contained a
series of tasks labeled "Apply," which drew on the strategy taught in the lesson.
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The example problem on the first page involved using a schedule to determine
which movie two girls could see, given particular time constraints. The apply
page had a train schedule at the top and was followed by six questions that
required using the information from the schedule. The next section, entitled
"Mixed Application," contained four story problems. The students were to select
from a list of three problem-solving strategies, introduced earlier in the text, to
solve the problems.

Catherine began the lesson with two preinstructional activities drawn
from the margin of the teacher's guide (see Figure 5.1). First, she spent about 4
minutes on a set of four questions under the heading "Quick Check." Each had
the students identify the time that was a given number of minutes before or after
a specified time, like 45 minutes after 7:00. She then spent a few minutes on a
modified version of the activity under the "Motivate" suggestion. The first step,
which Catherine did, was to write a schedule for the school day on the board.
She began by writing a time on the board and waited for the class to chime in the
appropriate event or subject. The second part of the "Motivate" activity
suggested that the students work in groups to write questions that could be
answered using the schedule. Instead, Catherine directed the class to turn to
page 120 in their books and to read the problem at the top of the page.

Catherine read aloud:

The Cinema 6 at the mall is having a cartoon movie festival. Sherry and

Kathy want to see The Little Mermaid, The Jungle Book, or Bambi, but they
must be home by 3:00. It is 12:30 now. It takes 15 minutes to get home.

Which movie can they see?

She then followed the suggestions in the "Teach" section, which involved
discussing the problem, going over the movie schedule provided, and noting that
each movie lasted an hour and a half. Catherine then walked the students
through each of the problem-solving steps described in the textbook--understand
the problem, plan, solve, and look back by posing the questions in the teacher's
guide. The students had little difficulty producing answers to questions like,
"What are you asked to find?" and "How can you solve the problem?" They stuck
their hands in the air and waited to see if their teacher would call on them to
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answer. Once answered, Catherine guided them through the steps of adding an
hour and a half to each starting time and to produce a list of ending times on the
board before asking: “Which movie can they see and still get home before 3:00 or
at 3:00?"

Selecting from six hands in the air, Catherine called on Russ, who said
that they could see The Little Mermaid. She agreed and went on to the final
problem-solving step, "Look Back," which posed the following question: What

other strategy can you use to solve the problem? Catherine asked: "Can you
think of any other strategies, besides figuring out the ending time?" The students
had more difficulty with this question. With the help of specific, guiding
questions from Catherine, one student gave something similar to the answer
suggested in the teacher's guide—work backwards from 3:00. Catherine
reassured them that "if you were doing this in real life, it wouldn't cause as much
of a problem."

After completing this instructional activity, Catherine moved the class on
to the tasks on the next page. As the teacher's guide suggested, she had them
work in pairs on the practice problems on page 121, while she moved around the
room watching each group. After 10 minutes, she called the students back
together and spent about 10 minutes going over the answers to the six questions
about the train schedule. Many of the pairs had difficulty with a question which
asked for the length of the ride between two cities. She pointed out that they
were really finding "elapsed time," which was something they had learned to
calculate just a few days earlier. The only difference was, she stressed, that they
had to realize that the time the train leaves one city was the beginning time and
the time it arrived in the next city was "like" the ending time. "If they [referring
to the text authors] had said it that way," Catherine reassured her students, "You
wouldn't have had any problem."

Once they had gone over all six of the questions, Catherine sent them
back to their partners to answer the four "Mixed Application" problems. After 5
minutes, she pulled the class back together and discussed each answer, as she
had done earlier. Although the instructions for this section read, "Choose a
strategy and solve," Catherine did not ask the students about the strategies they
used. Rather, she focused on their answers, walking them through the steps of
the more difficult problems. Catherine had the students spend the last 8 minutes
of the lesson completing a set of multidigit multiplication exercises that they had
copied from the board that morning. (Observation, 12/3/92)
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Catherine regularly used the textbook lessons like the above example to guide

her teaching of noncomputational topics. Table 5.1 provides a summary of all the
lessons I observed throughout the year. Nevertheless, she continued to have concerns
about how some questions were worded. She frequently confessed to me that the HB]
text tended to expect too much of fourth-grade students.

Problem of the Day: Trying Something New

Another reform-initiated activity that Catherine used consistently was the daily
problem, drawn from the "Problem of the Day" section in the text. Catherine was
motivated to use the "Problem of the Day" suggestions because she was convinced that
the increased emphasis on problem solving was well justified. She agreed that children
needed to learn to solve problems, and she believed that attention to problem solving
was one of the strengths of the HBJ text. Thus, she looked to the textbook to help her
incorporate more problem solving into her teaching.

Catherine added problem solving to her teaching without compromising other
parts of her math instruction by building it into a different part of the school day. Each
morning she copied a problem onto a specially designated chalk board. Even though
math was after lunch, the students were to work on it when they arrived in the morning.
She gave them approximately 5 minutes to work alone and then collected their papers
before talking through the solution with the class. This process was brief and focused on
a single approach, which usually was generated by Catherine. She rewarded students
who had the correct answer by punching a hole in their punch cards.2 She explained
that she was reluctant to grade their solutions, because she suspected that attaching a
grade to this activity would only discourage those who had difficulty.

This approach reflected the mixed feelings Catherine developed in the fall about

the increased emphasis on problem solving and, in particular, about the selection of

2Catherine used the punch cards to reward students for various behaviors or achievements.
Once they accumulated a certain number of punches, they were permitted to exchange them for
designated treats such as extra computer time or other special activities.
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problems of the day. She found many of the problems intriguing and unsettling, but she

liked them because they presented a vision of problem solving that went beyond the
standard story problems found in the previous textbook. In fact, as early as mid
November, she described how using these problems had broadened her view of
problem solving: "We used to think that story problems were the problem-solving kinds
of problems," she explained, comparing what Addison-Wesley and HBJ had offered in
problem solving. Many of the problems of the day in the HBJ text, she pointed out,
involved multiple steps and required several different operations. Many problems were
not stated in a way that made the solution path obvious, such as the problem of the day
on November 19th: How many seconds does it take for the minute hand to move from
12to 1 on a clock? Other problems had more than one solution. Unlike the story
problems she had been accustomed to, many could not be reduced to, and solved by,
using a common algorithm: "You can't even put a mathematical sentence to [them],” she
explained (Interview, 11/19/92). Some problems, she noted, did not even involve
numbers but patterns that required logical thinking, such as the problem she gave the
class on December 3rd:

Yesterday was not Friday or Wednesday. Tomorrow will not be Monday
or Tuesday. Today is not Friday or Tuesday. What day is it?

At the same time, Catherine was skeptical about the appropriateness of many of
these problems. Most problems, she believed, required too much of students before they
were ready and tended to frustrate them. She found that students had difficulty
approaching problems that did not have evident solution paths. They guessed,
produced partial answers, or gave up. Thus, Catherine was not convinced that the
authors understood the abilities and needs of young children in posing such complex
problems: "I think it's good to problem solve," she told me, "but I also think that
sometimes, at this level, they're just, maturity-wise, they're not ready for that"
(Interview, 11/9/92). She questioned whether emphasis on problem solving was too
idealistic: "Just because somebody says that these kids should be able to do this stuff
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does not mean these kids can do it" (Interview, 12/17/92). Because of the importance

she placed on her students feeling successful, Catherine worried that being asked to
solve problems before they were ready would quell their interest and discourage them
from trying.

Catherine speculated that her students' struggles with the problem of the day
were partially due to lack of experience: "They are not familiar with problems that have
three steps in them" (Interview, 12/17/92), she offered as an example. However, she
did not like the text's approach of giving students experience by presenting problems to
solve without teaching them how to solve them. She was unsure about how to guide
them in solving such nonroutine problems. She also suspected that the text's authors
were in the same predicament since the teacher's guide did not offer suggestions
regarding how to help the students approach these problems: "I'm not always sure that
the textbooks help us teach children how to think. I'm not sure they know how to teach
children how to think" (Interview 12/17/92). Thus, Catherine faced the dilemma of how
to give her students the necessary experience with such problems without leaving them
feeling discouraged.

Despite these concerns, Catherine consistently assigned her students one of these
problems daily. Only a few students were able to solve them successfully in the fall, but
she hoped that, through experience, they would gain the abilities they needed without
frustration. Occasionally, she put aside other morning activities and helped the students
figure out each step of the problem. During these instances, most of the students
eventually arrived at the correct answer, but not without considerable guidance. On
December 19th, she described how she had coached the students through that morning's
problem:

Today, when we were working on this problem, and they would come up with

an answer, and I'd say: "This answer doesn't make sense. If you had only $50

how could you end up with $1,420, does that make sense?" I gave them longer to
work on this than I usually do. . . I said: "Get your calculators out." So, they'd

come up and show me their answers, and I'd say: "That's not it. You're in the
right area. . . ." I think it was more of a lesson in three-step problems. ... This
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morning we had time to do that, you know. We don't always have the time to

ask them questions like that, that would help them say: "Well, that answer
doesn't make sense, I never thought about that." (Interview, 12/19/92)
Even though she was pleased with the results of this "lesson in three-step problems"
(Interview, 12/19/92) because it helped more students have success with the problem,
Catherine believed that she could not afford to devote this much time to the problem of
the day on a regular basis, and, most often, she did not.
Following the Text to Teach Noncomputational Topics
Because Catherine saw the reforms as targeting noncomputational topics and

problem solving, it was in these two aspects of her teaching that she did follow the text.

Others have observed, however, that there are multiple ways that teachers can follow a

text (Stodolsky, 1989; Woodward & Elliot, 1990). Teachers not only select among a text's
multiple options but they read into them mathematical and pedagogical aims that
influence how they present them to their students (Stephens, 1982; Thompson, 1984).
The description of the HBJ text in Chapter 3 indicates that each lesson contained many
options. Even for Catherine, who hoped to "do it with the book," following the text
involved selecting among these options, deciding on their intent, and determining how
to incorporate them into her teaching. These choices were shaped by her ideas about
students and their learning of mathematics. They, in turn, shaped the emphases and
structure of her lessons.

In this section, I consider how Catherine followed the HB]J text to teach
noncomputational topics during the fall and winter. I also examine what she attended to
in the text, how she drew from it to shape her mathematics teaching, and how these
choices reflected the ideas and commitments she brought to her use of it. In
characterizing her use of the textbook, I draw on details in the lessons described above.
The following analysis is significant for two reasons. First, it outlines aspects of
Catherine's teaching and textbook use that underwent change throughout the year.

Second, it illustrates her orientation to teaching and using the HB]J text, which played an
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important role in stimulating the changes that occurred. An analysis of her orientation

to teaching math and using the textbook as well as a description of how these influenced
change, follow this section.

Content of daily lessons. Even though her lessons varied, patterns were evident
in what Catherine attended to, used, and omitted in the text throughout the fall and
winter observations. Each lesson was based on a single, two-page spread in the teacher's
guide, which defined the lesson topic and from which she drew instructional
suggestions and tasks to present to the students. Many of her choices reflected her
views about the role of practice in learning math and her commitment to providing
students with as much of it as possible. Her ideas about practice were apparent in the
proportions of instructional and practice activities selected. Of the myriad student tasks
offered in the teacher's guide, Catherine tended to draw sparingly from the instructional
activities, which were found only in the teacher's guide. As a result, her introductions to
the topic of the lessons were brief, allowing more time for the students to practice
learned skills. Furthermore, the teaching suggestions she selected were concise and
could be incorporated efficiently into a warm-up. Other suggestions were aimed at
preparing students to do the work on the practice pages. She skipped or modified those
suggestions that had the potential to take a long time, that involved manipulatives, or
that were likely to unsettle the students from their seats. As a result, she often used the
suggestions under the heading "Teach" and omitted or altered the preceding suggestions
under the heading "Motivate."

The Motivate activity that Catherine chose to skip on November 19th (when she
taught multiplication and estimating time in the same lesson) was both time consuming
and involved movement around the room. She seemed to be focused on moving the
students into their two groups as quickly as possible. Thus, she moved directly to the
"Teach" section and gave the terse introduction described earlier before moving the

students into the practice portion of the lesson.
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On December 3rd, during the problem-solving lesson, Catherine used only the

first part of the "Motivate" activity in lesson 4.6, which involved writing a schedule for
the school day on the board. The second part of the activity suggested that the students
work together to write questions that could be answered using the schedule. She said
that she chose to omit it because it would have taken too much time. "This motivation
would have taken probably 20 minutes if we had done it the way they suggested,” she
explained (Interview, 12/7/92). Instead, Catherine followed the suggestions in the
Teach section of the lesson.

The Motivate activities that Catherine selected were short and involved teacher-
directed, whole-class interaction. For example, she used the activity under the Motivate
heading in lesson 4.1 on November 5th. The lesson was about telling time to the nearest
minute. The Motivate activity involved drawing hands on clock faces to indicate specific
time, which Catherine read aloud to the class. This task took only a few minutes because
it was easy for the students. It also laid the groundwork for the remainder of the lesson
on telling time to the minute and a set of similar practice tasks from page 110 in their
texts.

As the above examples above indicate, Catherine almost always used the
portions in the textbook designed to provide students with practice of the skill or
concept just taught. Sometimes she supplemented the textbook exercises with practice
problems of her own. On November 19th, she assigned students the practice questions
in the text, as well as a page of multiplication exercises she had developed. On
December 3rd, the students spent the second half of the class completing two practice
problems provided in the text lesson. Catherine placed considerable emphasis on
moving students through these practice activities. To her, "do[ing] it with the book"
involved facilitating students' practice of the skills taught in each lesson. Related

instructional activities, such as those from the Motivate suggestions, were secondary.
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Table 5.2 displays the activities she selected from the textbook during each of the lessons

during the fall and winter.

Structure of daily lessons. The selections made from the textbook and the way
Catherine incorporated them into her instruction resulted in a fairly consistent lesson
structure which included three types of activities: introduction, practice, and review.
The characteristics of, and time devoted to each of these activities reflected her views on
teaching and her commitment to practice. She generally started with a brief warm-up
activity before moving into whole-class instruction on the topic of the lesson. She
followed this introduction with a substantial amount of practice and usually concluded
the lessons with a closing activity or review in a whole-class setting. Despite minor
variations from lesson to lesson this pattern remained a consistent reminder of her views
on how students learn math. Tables 5.3 and 5.4 display the structure and format of
Catherine's lessons during the fall and winter. Table 5.5 illustrate the general pattern
that emerged. I describe the characteristics of these three types of activities below.

The purpose of the introduction piece of the lesson was to teach students about
the central ideas, concepts, or skills. It took place in a whole-class format and often
involved introductory materials from the margin of the teacher's guide and the first part
of the student's pages. Almost all of the introductions I observed during the fall and
winter fit within Catherine's definition of "teaching;" that is: they were teacher-directed;
they involved the teacher telling or showing students what they needed to know; they
were also brief and to the point. Of the lessons I observed, Catherine devoted
approximately one third of each to this type of instruction before moving the class into
practice.

During practice, students answered questions and completed exercises on the
pages in their texts or from other sources. Even though Catherine provided practice in a
variety of formats, such as oral and written in individual, partner, or group settings, she

always engaged students in using the instruction just given. Practice was central to
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Catherine's teaching. Whether she was teaching one of the computational processes or a

lesson from the text, she believed that a substantial amount of time must be devoted to
repeated practice in order to facilitate learning. In fact, one of the complaints she
frequently cited about the HB]J text was that "they don't give a lot of practice” (Interview,
11/9/92). Her commitment to practice was apparent in the amount of lesson time she
devoted to it, for example, as much as three quarters of the time on November 19th. On
average, Catherine devoted more than half of her class time to this type of practice
during the fall and winter lessons.

Unless they ran out of time, Catherine followed independent practice with a

whole-class review, during which she reviewed some or all of the problems students

had completed. Typically, she read each question aloud and called on students to share
their answers, stopping only to attend to students' questions or difficulties. As the
December 3rd, lesson exemplifies, Catherine folded the review into the practice portion

of the lessons by following each section of practice with review.

Emphasis of each lesson. During each portion of her lessons, Catherine placed
primary emphasis on arriving at correct answers. In general, she did not encourage
students to consider why their answers were correct or pay attention to the process of
making sense of a problem in order to solve it. Her focus on correct answers was
evident in the nature of the interactions in the class; students provided answers to the
questions she posed or read from the text. Catherine's role, it seemed, was to help them
arrive at the correct answer, which she often accomplished by rephrasing or reasking
questions, asking if someone could "say it a different way" (Observation, 11/5/92) or
providing hints and guidance until the students produced the answer she was after.

The answer she wanted most often was the one printed in the teacher's guide of
the textbook. For example, during the December 3rd lesson, described earlier, when the
students could not arrive at an alternative way to solve the problem, Catherine asked the

following series of questions, which led them to the answer in the text. The initial
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question she asked was whether they could think of any other strategy to solve the

problem. The alternative strategy offered in the text was "work backwards from 3:00. . . .
So they can see any movie starting by 1:15." Catherine asked: "Can you think of any
other strategies besides figuring out the ending time?" Several students raised their

hands:

Student: Figure out the starting time.

Catherine: ~ We knew the starting time.

She accepted a few more responses, none of which seemed to be what she was looking
for. So, she asked more pointed questions:

Catherine: ~ What other things could we have done? What time did they have to be
home?

Students: 3:00.

Catherine:  So what could we have done with the 3:00 idea?

Student: We could have subtracted fifteen minutes from 3:00.

Catherine liked this response. She repeated it and then probed for more:

Catherine: ~ That would tell you the 15 minutes it took them to walk home. That
would be 2:45, right? Then what would we have to do to find out what movie they
could see?

Students: [No answer]

Catherine:  How long is the movie?

Students: An hour and 30 minutes.

Catherine:  So if you take an hour and 30 minutes away from. . . two what? (She
paused briefly, but continued after no response from the students.) two forty-five.
What would it be?

Student: One fifteen.

Catherine agreed and then wrote:

2:45
=1:30
1:15
and then showed the students that 2:45 minus 1:30 was 1:15. "Okay?" she asked the

class, as if she was checking to be sure they understood. There was no response. She

then concluded: "So that schedule would help you." She reassured them that if they had
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been doing this problem in a real situation, it would have been much less difficult before

moving on to the next task.

Catherine appeared relieved that a student finally had given the correct answer,
not because the correct answer indicated that he understood this alternative strategy but
because arriving at the correct answer enabled them to move on. Her comments later
substantiated this assumption:

I just had the feelin, g that I got one child to say to count backwards. And I think I

remember one child did say that, but I did not feel that even with the explanation

that they were really understanding that a great deal--going backwards. And I

thought that maybe that was something that was not necessary at this point--that

they need to understand that. So I went on so that I could get on with the lesson.

... Buta lot of what I thought was that more explanation would just muddy up

the water more. (Interview, 12/7/92)

Muddying the waters would not only add more confusion to the lesson but could
detract from Catherine’s goal of moving through the questions in the text successfully.
As a teacher aiming to help students be successful in math, she was hesitant to add more
confusion to the proceedings of a lesson, particularly when someone had given the
correct answer.

An exception to the pattern. I observed one exception to the patterns described
above in Catherine's use of the text and in her general lesson structure. On December
10th, Catherine constructed an entire lesson on collecting data from the Motivate activity
for lesson 4.7. The Motivate activity suggested dividing the class into groups and giving
each a small bag of alphabet macaroni to sort by letter and then record the number of
each letter collected. The text suggested that all the groups' results be combined in a
frequency table and then discussed. Catherine had her students sort the macaroni in
groups before combining their data in a table on the overhead. She then elaborated the
end of the activity, creating a whole-class lesson on making, reading, and using a
frequency chart. She created questions on the spot that engaged students in reading the
table and using calculators to compare the quantities of different letters. In addition to

asking students to explain the difference between a tally sheet and a frequency table,
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which are located in the text, she asked her own questions that involved examining and

comparing data.

When I asked her about the lesson, Catherine said she was pleased with it, but
her comments reflected the general emphases of the other lessons described earlier. She
was concerned that the activity took more time than expected; she had hoped to have
the students do more of the practice activities in the lesson. "We just got so involved,"
she said, explaining why she allowed the activity to proceed (Interview, 12/17/92). She
described this lesson as atypical, since she did not often have time to devote an entire
lesson to such an activity. Still, she said, she did not regret it, and she would probably
do it again next year. If she did, she told me: "I would give them far less alphabets to
work with . ..and I might have given them more direction on how to count up the tally,
because that took quite a long time" (Interview, 12/17/92).

The fact that Catherine found this activity appealing, even though she believed it
took too much time, reflected her mixed feelings about the changes advocated by the
reform agenda. She believed that many were of some value, but they took time away
from direct instruction and much-needed practice. Thus, she tended to stay away from
such time-consuming, exploratory activities.

Mixing the Old and the New and Teacher Change

As these descriptions of Catherine's use of the text in the fall and winter suggest,
what it meant to "do it with the book" differed depending on the aspect of her
mathematics instruction involved. How she made sense of the suggestions in the HB]
text and embraced them in her teaching varied for problem solving, noncomputational
topics, and computational skills. Because she saw the reforms as additive in nature, she
opened her practice to content additions such as problem solving and increased
emphasis on noncomputational topics. The elements of her instruction that were more
integrally connected to what she saw as the core of mathematics (those that led to

computational mastery) were not open to revisions offered in the text.
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Catherine's tendency to embrace selectively some of the new ideas offered by the

text, while standing firm on those that comprised the foundation of her mathematics
instruction, is not atypical. Many reformers have argued that curricular and
pedagogical change in mathematics instruction requires a fundamental shift in one's
thinking about teaching and learning math (Cohen & Ball, 1990; Lappan & Theule-
Lubienski, 1992); however, observers of teachers responding to these calls for change
have noted that wholesale shifts are unlikely. It is more likely in their initial response,
that teachers will mix reformed approaches with the status quo (Cohen, 1990). In
Catherine's case, this mixing of the old and the new eventually had an impact on her
view of teaching and learning math.

Catherine's teaching did not undergo fundamental shifts as the year progressed,
but it was evident that changes in her mathematics goals and use of the text to
accomplish them had begun to occur midway through the year. These changes
appeared to be stimulated by her attempts to uphold two competing commitments. The
first commitment involved her orientation to teaching mathematics, and the second
involved her specific orientation to using the HBJ textbook. I discuss these two
competing roles below. Then I examine how the tension between them stimulated
learning and change.

Catherine's Orientation to Mathematics Teaching and Using the HB] Textbook:
Catherine's Larger Agenda

From her initial encounters, Catherine saw the HB] textbook as a tool to promote
change in her mathematics instruction. Reform-initiated change was not her only focus.
Sosniak and Stodolsky (1993) found that texts were not "driving forces" in teachers’
instruction as much as they were "props in the service of managing larger agendas" (p.
271). Similarly, attending to the reforms was only part of Catherine's larger instructional
agenda; the central focus in her teaching was to help students be "successful" as learners

of mathematics. In her view, success included producing correct answers to math
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problems without experiencing too much frustration. These two aspects of her agenda

were often at odds with one another, particularly when the solutions to the problems
suggested in the text were not readily accessible to her students. These two goals,
however, guided her teaching and shaped the ways she made sense of the text.
Examining Catherine's commitment to each of these competing roles is critical to
understanding how the tensions they created in her teaching served to stimulate change.
I describe each of these goals below and then discuss the impact they had on her
teaching.

The Teacher's Role as Advocate of Students

Whether using suggestions in the text or her own approach, Catherine believed
that it was her responsibility to "teach” students the steps and procedures they needed to
know, not leaving them to struggle alone. She believed that providing careful guidance
and asking students only what was within their reach was the best way to ensure their
success. In this sense, Catherine viewed herself as an advocate of students. This role
often involved structuring lessons to provide students with appropriate guidance and
support. During the November 19th lesson, for example, she focused students' attention
on each part of the multiplication algorithm and made sure they knew how to do each
step. In order to help them successfully learn these proced<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>