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ABSTRACT
LEARNING TO ANTICIPATE STUDENTS' MATHEMATICAL RESPONSES IN
TWO CONTEXTS: THE CASE OF ONE PRESERVICE TEACHER IN A
UNIVERSITY AND SCHOOL SETTING
By

Sarah Elizabeth Kasten

Field experiences have been shown to impact mathematics preservice teachers’
beliefs and perceptions about teaching and field experiences, but there is little research
evidence of what preservice teachers learn about teaching mathematics from these
experiences. This lack of research makes the mathematics field experiences a productive
sight for investigation. Further research shows that mathematics preservice teachers
struggle to consider their students possible reactions to the lesson plans they create as part
of their participation in these experiences.

The purpose of this study was to trace the practices of anticipating students’
mathematical responses of one preservice teacher in the first semester of her field
experience and to examine the factors in the university and school contexts that supported
or constrained her participation in this practice. Using a case study design, lesson plans
and interview and observation data were collected and analyzed to present a picture of the
practices of one preservice teacher working in two contexts. Findings indicated that there
were multiple factors in the university context that promoted the preservice teacher in the
practice of anticipating students’ mathematical responses while lesson planning.
Conversely, there were multiple factors in the school context that constrained her
practices in this area. The findings also suggest that the preservice teacher in this study

struggled to see the relevance of her own preferred teaching and lesson planning
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practices, those which aligned with what was advocated by the university, in the lecture-
based school context in which she found herself. This study demonstrates the importance
of preservice teachers having and making use of authority and resources in field

experiences to support them in enacting their own practices as beginning tcachers.
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CHAPTER 1. INTRODUCTION

The purpose of this case study was to explore one preservice teacher’s use of a
lesson planning practice that was advocated by her tcacher preparation program. This
practice, anticipating students’ mathematical responses to her lessons, was a strategy
introduced and promoted by several of her university mathematics methods courses. This
study sought to examine how she made use of anticipating in her field expcrience
classroom and to identify the features of the university and school contexts that supported
or constrained her ability to participate in this practice. The next sections provide a brief
overview of the relevant rescarch and a discussion of the contributions and limitations of

the study.

1.1 The Role of Field Experiences in Teacher Education

Studies show that preservice teachers view the field experience as a major
contributing factor to their learning in teacher education programs. Borko and Mayfield
(1995) investigated the roles of cooperating teachers and university supervisors in a field
experience in the learning of four preservice middle-school mathematics teachers. A
portion of the study focused on the preservice teachers’ perspectives about how one
learns to teach and about their own learning during the field experience. The authors
found that “all four student teachers expressed the belicf that a person learns by doing—
through experience, practice, and making mistakes” (p. 512). One preservice teacher in
particular stated that in order to learn to teach one needs “experience. I think they can't

teach you how to teach, no matter what anyone says” (p. 512). In addition, all four of the
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preservice teachers reported that the changes they made to the way they taught during
their student teaching were based mostly on these experiences.

The student teachers' comments about factors that influenced these changes

paralleled, to a great extent, their ideas about how a person learns to teach. The

factor mentioned most consistently was their classroom teaching experiences,

"getting out there and doing it myself, seeing the problems, working with the

students” (Ms. Richards). They also mentioned their cooperating teachers and, to

a lesser extent, their university supervisors. (p. 513)

This finding is not true only of preservice teachers. Research conducted in the late 1980s
indicated that practicing teachers also viewed experience teaching as the most significant
factor in their learning. Smylie (1989) surveyed over 1700 teachers and asked them to
evaluate a variety of experiences based on their effectiveness in supporting the
development of knowledge and skills needed for teaching. Although teacher education
field experiences were not among the experiences the teachers ranked, “findings indicate
that, by far, teachers perceived direct experience in classrooms as their most effective
source of learning” (p. 545).

More recent reviews of literature have supported these earlier findings. Wilson,
Floden, and Ferrini-Mundy (2002) were commissioned by the Office of Educational
Research and Improvement and the U.S. Department of Education to conduct a review of
teacher education research. In reviewing research concerning the effects of student
teaching the authors found that:

Field experience is a staple of teacher preparation programs. Study after study

shows that experienced and newly certified teachers see clinical experiences as a

powerful—sometimes the most powerful—component of teacher preparation.

Whether the power [of] field experience enhances the quality of teacher
preparation, however, may depend on the particular experience. (p. 195)



£, more recently the Al

Lerhand Teacher Edy

Freid expenences
prospective and e
fresenice teadcher
ke compenents o
ad practice. work,
sameular \trate 2ic
Holline & Guzm.,

The imp\\n.mw (N
e chowen 1o Inciu,g
SR educgtion, Prograr
L gcher educy

Tztony Ty, 1

s

hnended g, all




Even more recently the American Educational Research Association (AERA) Panel on
Research and Teacher Education completed a volume summarizing research on tcacher
education. Their conclusions about the role of field experiences were similarly
compelling.

Field experiences have long been identified by both teacher educators and

prospective and experienced teachers as a major, if not the most important, part of

preservice teacher preparation. It is broadly assumed that field experiences are the
key components of preparation where prospective teachers learn to bridge theory
and practice, work with colleagues and families, and develop pedagogical and
curricular strategies for meeting the learning needs of diverse populations.

(Hollins & Guzman, 2005, p. 493)

The importance of field experiences has been even more clevated in universities
that have chosen to include a fifth-year teaching internship experience as part of their
teacher education program. Darling-Hammond (2000) describes this change in the
structure of teacher education programs as being stimulated by the Holmes Group and
other organizations. This restructuring of the traditional four-year teacher education
program is intended to allow for:

more extensive study of the disciplines to be taught along with education

coursework that is integrated with more extensive clinical training in schools...

because the Sth year allows students to devote their energies exclusively to the
task of preparing to teach, such programs allow for year-long school-based
clinical experiences that are woven together with coursework on learning and

teaching. (Darling-Hammond, 2000, p. 167)

Studies suggest that increascd time in a field experience may be beneficial for
preservice teachers. Wilson, Floden, and Ferrini-Mundy (2002) described a study that
compared a fifth year internship experience to a more traditional four year teacher

education program. They report that findings indicated that the teachers in the fifth yecar

internship program were more satisfied with their teacher education program, remained in
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the teaching profession longer, and rated their own teaching abilities higher than that of
teachers from four year programs.

A central feature of the field experience that makes it such a powerful venue for
learning for preservice teachers is the constant access to students. “From field experience,
prospective teachers reported acquiring survival skills, learning about students, and
recognizing that their students’ understandings vary, are complex, and differ from
teachers” (Wilson, Floden, & Ferrini-Mundy, 2002, p. 196). Shulman (1986) describes a
teacher’s development of a variety of appropriate representations as one outcome of
experience with students.

Since there are no single most powerful forms of representation, the teacher must

have at hand a veritable armamentarium of alternative forms of representation,

some of which derive from research whereas others originate in the wisdom of

practice. (p. 9)

Field experiences afford preservice teachers the opportunity to work with students and
gain insight into useful representations, as described by Shulman, as well as other types
of knowledge of students and student interactions with content.

The profound influence of the field experience indicates a critical need for teacher
educators to know what preservice teachers learn from these experiences. A review of
research from 1995 to 2002 by Clift and Brady (2005)' on the outcomes of field
experiences for mathematics preservice teachers points to the current focus of recent

research on changes in beliefs and not on what preservice teachers learn about teaching

mathematics. Further, Clift and Brady reported that in the studies that investigated field

1 . , . - . . .
Clift and Brady’s review of research was part of a larger review of research on teacher education
conducted by the AERA Pancel on Rescarch and Teacher Education.
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experiences, very few looked at the use of specific teaching methods within the
experiences. As Wilson, Floden, and Ferrini-Mundy (2002) point out,
The research on clinical experience is weak in several ways. Much of the early
research focused on cooperating and prospective teachers’ attitudes. Although it is
important to know how teachers feel about the benefit of field experiences,
attitude surveys do not answer questions about what prospective teachers actually
learn” (pp. 196-197).

It is important for teacher education researchers to begin to focus their efforts on

what is being learned by preservice teachers in this highly influential experience.

1.2 Studying the Role of Field Experiences from the Situative Perspective

Clift and Brady (2005) argued in their review of research of the impact of
methods courses and field experiences that future studies in these areas must consider
that “frameworks for research should move beyond behavior and cognition, beyond a
limited focus on the individual (alone or in a group), and toward a more sophisticated
knowledge of how practice is shaped by contexts, materials, and other people” (p. 335).
In order to address Clift and Brady’s suggestion, this study investigated the lesson
planning practices of a preservice teacher from the situative perspective. Greeno (1998)
defined practices as “regular patterns of activity in a community, in which individuals
participate” (p. 6). In this study the lesson planning practice was a practice in which the
preservice teachers at the university participated.

Greeno (1998) described one avenue for making use of the situative perspective to
investigate the practices of the individual that also meets the standards for research in
field experiences set by Clift and Brady.

The other available strategy is to begin with the framework of the interactional
studies and work inward. In this strategy, progress will occur by focusing on the
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organization of intact activity systems and analyzing the informational contents of

activity in which people accomplish the goals and functions of tasks they

undertake. (Greeno, 1998, p. 6)

Field experiences are often the first time that preservice teachers have the
opportunity to be part of and engage with a community of teachers as a peer. This
community engagement makes the situative perspective particularly suited to the study of
field experiences, which take place in the complex spaces of schools and universities and
also in which preservice teachers participate in these contexts as both students and
teachers. This perspective allowed this study to focus on the participation of a preservice
teacher in a particular lesson planning practice in the field experience as well as to
recognize and investigate the extensive contextual features of the environments in which

she operated.

1.3 Teachers’ Knowledge of Students

The recent work of Deborah Ball and her colleagues has focused on the
knowledge that teachers need in order to teach mathematics. This work builds on the
framework of teacher knowledge set forth by Lee Shulman in the mid 1980s. Shulman
(1986) asserted that teachers needed not only content knowledge or pedagogical
knowledge in isolation of one another, but a special combination of the two, which he
termed pedagogical content knowledge (PCK). Since that time Ball and her colleagues
have refined Shulman’s knowledge domains into separate sub-domains and further
specified them for mathematics. Among those in the domain of PCK is knowledge of
content and students (KCS). In their work Hill, Ball, and Schilling (2008) define KCS

and describe its importance for teaching mathematics:
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We propose to define KCS as content knowledge intertwined with knowledge of
how students think about, know, or learn this particular content. KCS is used in
tasks of teaching that involve attending to both the specific content and something
particular about learners, for instance, how students typically learn to add
fractions and the mistakes or misconceptions that commonly arise during this
process. In teaching students to add fractions, a teacher might be aware that
students, who often have difficulty with the multiplicative nature of fractions, are
likely to add the numerators and denominators of two fractions. Such knowledge

might help her design instruction to address this likely issue. (p. 375)

In addition to field experiences serving as venues for preservice teachers to
participate in a community of practicing teachers, they also serve as an initial and
important opportunity to interact with students. As such, field experiences allow
preservice teachers to learn from and about actual students as well as to make use of what
they may already know. This includes knowledge of content and students as described by
Hill, Ball, and Schilling (2008), who found in a review of literature that when teachers
had access to knowledge about how students learned a particular subject matter that they
changed their practices and student learning improved. The question then arises as to how

preservice teachers learn about and consider for themselves this knowledge of content

and students during their field experiences.

1.4 Anticipating Students Mathematical Responses as a Part of Lesson Planning

A primary focus of field experiences in teacher education is often the design and
implementation of lesson plans. The National Research Council (NRC) (2001) addressed
the important role of lesson planning by stating that “planning needs to reflect a deep and
thorough consideration of the mathematical content of a lesson and of students’ thinking

and learning” (p.424). The NRC recommended that:
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rather than simply listing problems and exercises, teachers should plan for

instruction by focusing on the learning goals for their students, keeping in mind

how the goals for each lesson fit with those of the past and future lessons. Their
planning should anticipate the events in the lesson, the ways in which the students
will respond, and how those responses can be used to further the lesson goals.

(p. 425)

Despite the recommendations of the NRC and the attempts made by many teacher
education courses, experience suggests that preservice teachers often do not recognize the
importance of planning in the way the NRC describes, specifically in considering the
possible reactions of their students as they plan. This practice is especially important for
preservice teachers attempting to engage students in mathematics discussion as Stein,
Engle, Smith, and Hughes (2008) explain:

Without solid expectations for what is likely to happen, novices are regularly

surprised by what students say and do, and therefore often do not know how to

respond to students in the midst of a discussion. They feel out of control and

unprepared. (p. 321)

Despite feeling more prepared when they have anticipated students’ likely
responses, considering how a middle- or high-school student will view the mathematics
in a lesson can be difficult for preservice teachers, many of whom are themselves
mathematics majors. Nathan and Petrosino (2003) referred to this problem of preservice
teachers, and others with advanced-subject matter knowledge, as the “expert blind spot.”
Given a possible expert blind spot and their lack of personal experience teaching the

content, it is important for preservice teachers to find ways to consider on their own as

well as to seek out resources to gain access to knowledge of content and students.
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1.5 Contributions to the Field

This study is intended to contribute to the field of mathematics teacher education
by building on prior studies about preservice teacher participation in field experiences.
Specifically, it is informed by prior research and literature on preservice teacher learning
in the context of field experiences (Mossgrove, 2006; Strawhecker, 2005; Vacc & Bright,
1999), the knowledge for teaching needed by a mathematics teacher (Even, 1993;
Grossman, 1990; Hill, Ball, & Schilling, 2008; Kinach, 2002; Shulman, 1986, 1987), and
the practice of anticipating students’ mathematical responses (Carpenter, Fennema, &
Franke, 1996; Carpenter, Fennema, Franke, Levi, & Empson, 2000; Carpenter, Fennema,
Peterson, Chiang, & Loef, 1989; Chokshi & Fernandez, 2004; Fennema, Carpenter, &
Peterson, n.d.; Fernandez, 2002; Hiebert & Stigler, 2000; Lampert, 2001; Leinhardt,
1988; Schoenfeld, 1998; Shen, Poppink, Cui, & Fan, 2007; Shimuzu, 2002; Stein, Engle,
Smith, & Hughes, 2008). Additionally, this study is framed by the situative perspective
on learning which has been used in the past to study secondary mathematics preservice
teacher learning across a variety of contexts (Broadie, 2005; Engle, 2006; Greeno, 1998;
Greeno, Collins, & Resnick, 1996; Peressini, Borko, Romagnano, Knuth, & Willis, 2004;
Putnam & Borko, 2000).

While this previous work sheds light on teacher learning and knowledge in a
variety of areas, researchers have not explored how experiences help preservice teachers
participate in the practice of considering, or anticipating, their students’ mathematical
responses as they plan lessons in a field experience setting. This study sought to address
this gap by presenting a case of a preservice teacher in a university field experience

which focuses specifically on her development of the practice of anticipating students
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mathematical responses. Such a picture of preservice teachers learning will contribute to
the field of mathematics teacher education in three important ways. First, this study
contributes to the field by presenting a framework for investigating teachers’ anticipation
practices. Second, this study portrays the journey of one preservice teacher and in doing
so provides a vision of one preservice teacher’s practices of anticipating students’
mathematical responses within various contexts. Finally, by focusing on contextual
features, this study offers insight into the environments and relationships that support this

practice.

1.6 Limitations

A limitation of this study should be acknowledged. Because this case study
provides an in-depth picture of the practices and experiences of one preservice teacher it
is limited in two ways. First, the findings may not be generalizable to other preservice
teachers in other contexts. Second, because this research focuses on a single preservice

teacher, comparisons of practices and school contexts are not possible.

1.7 Organization of the Dissertation

This dissertation is organized into six chapters. The first chapter provided an
overview of the study. Chapter 2 details the relevant literature and lays out the framework
and research questions used in this study. Chapter 3 outlines the methodology of the
study. Chapter 4 describes the two primary contexts of the study, the university and the

school. Chapter 5 presents the findings from the analysis of the data. Finally, Chapter 6

10



srdldes with @ discus

serh




concludes with a discussion of the results as well as implications and next steps for future

research.

11
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CHAPTER 2. THEORETICAL FRAMEWORK AND REVIEW OF THE
LITERATURE

This chapter outlines the existing educational theory and research as it relates to
this study. The first section introduces a theoretical framework that describes the situative
perspective on learning. This view of learning focuses on the contexts and the contextual
features of learning environments and thus is well suited for studying learning within a
field experience in which a myriad of factors interact to create the preservice teacher’s
experience.

The second section of this chapter reviews the relevant literature. This includes
studies addressing the learning of preservice teachers in field experiences, specifically
those related to learning to teach mathematics. This section also includes research in the
area of lesson planning in order to frame common preservice tcacher lesson planning
practices. Additionally several frameworks related to the knowledge that teachers need to
teach are presented along with summaries of three studies that examine the knowledge of
preservice teachers preparing to teach mathematics. Finally, anticipating students’
mathematical responses, a practice of mathematics teachers that is based on their
knowledge of students, is described. The third and final section outlines the research

framework developed for this study and introduces the research questions.
2.1 Theoretical Framework

In 2005 the AERA Panel on Research and Teacher Education released a report on
the state of research in teacher education. In addition to reviewing the current teacher

education research in this report, the panel also set forth recommendations for future

12
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research in teacher education. Among these was the recommendation that future research
should be situated in relation to relevant theoretical frameworks. The panel argued that
doing so would aid researchers in explaining their findings about the effects of particular
practices and “potentially contribute to the elaboration and refinement of these
frameworks and to greater understanding of the process of teacher learning in different
contexts” (Zeichner, 2005, p. 741). For these reasons the proposed study will be framed
by a theoretical perspective on learning, namely the situative perspective.

The upcoming sections detail the theoretical framework for this study. The first
section introduces the conceptual themes that underlie the situative perspective are
described. The second section relates the situative perspective to other perspectives
pertinent to this study. Finally, the third section summarizes two relevant studies. The
first is a study of fifth-grade students participating in productive disciplinary engagement,
a notion that closely resonates with the situative perspective. The second study is an
exemplar of how the situative perspective has been used to study secondary mathematics
preservice teachers (SMPTs) learning.

2.1.1 The Conceptual Themes of the Situative Perspective

The situative perspective is one of a variety of lenses that has been employed by
educational researchers to study learning. In contrast to other perspectives, the “situative
perspectives focus on interactive systems that include individuals as participants,
interacting with each other as well as materials and representational systems” (Putnam &
Borko, 2000, p. 4). Putnam and Borko summarize threc conceptual themes that describe

the situative perspective: (a) cognition as situated in particular social and physical

13
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contexts, (b) cognition as social and (c) cognition as distributed across the individual,
other persons and tools.

The first of these themes, cognition as situated in particular social and physical
contexts, asserts that both the activity and the environment are crucial to what is learned.
Putnam and Borko (2000) explained that the activity must be authentic and provide the
following definition: “J.S. Brown and colleagues (1989) defined authentic activities as
‘the ordinary practices of a culture’ (p. 34)—activities that are similar to what actual
practitioners do” (p. 4). Field experiences in teacher education are intended to be
authentic learning experiences in that they simulate the actual work of teaching by
allowing preservice teachers to teach students in real classroom settings.

Given that the first theme focuses on learning situated within settings and
activities, one issue that arises within the situative perspective is how to characterize the
transfer of learning. In other views that focus on the individual’s experience, transfer is
typically seen as having the ability to apply a particular type of knowledge in different
situations. For example, a student would apply their knowledge of subtraction learned in
mathematics class to a situation of making change at the grocery store. The issue of
transfer becomes problematic from the situative perspective because it is assumed that
learning takes place within the situations in which the knowledge is to be used. Engle
(2006) sheds some light on the issue of transfer from the situative perspective. She argues
that “transfer is more likely to occur to the extent that learning and transfer contexts have
been framed to create what is called intercontextuality between them. Intercontextuality

occurs when two or more contexts become linked to one another” (p. 456). The key to

14
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linking two contexts according to Engle is to frame the learning context and transfer
context as being connected to one another.

The second conceptual theme of the situative perspective is cognition as social.
Just as the activity is central to the learning process, the social interactions that take place
play a major role in what is learned.

Interactions with other people in one’s environment are major determinants of

both what is learned and how learning takes place. The process of learning, too, is

social. Indeed, some scholars have conceptualized learning as coming to know
how to participate in the discourse and practices of a particular community.

(Putnam & Borko, 2000, p. 5)

This means that all of the learners in a context impact the learning of the group and that
the group is together working towards participating in the practices of a particular
community. Preservice teachers in field experiences take part in a variety of social
interactions in schools and university classrooms. Preservice teachers’ working both of
these contexts is a unique feature of this experience. The field experience serves as a
transitional setting where preservice teachers are moving away from being part of a
community of students toward being part of a community of teachers.

The third conceptual theme that makes up the situative perspective views
cognition as distributed across the individual, other persons, and tools. Learning,
thinking, and participation do not all rest with one individual or one tool; instead, a
variety of resources contribute to the process. Putnam and Borko (2000) cite an example
of this from Hutchins (1990) who describes the workings of a U.S. Navy ship.

Six people with three different job descriptions and using several sophisticated

cognitive tools were involved in piloting the ship out of the harbor. The

distribution of cognition across people and tools made it possible for the crew to
accomplish the cognitive tasks beyond the capabilities of any individual member.

(p.5)

15
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In a field experience a variety of people and resources are part of the preservice teacher’s
experience. In addition to what the preservice teacher brings to the expericnce, their
mentor teachers, school resources, and university instructors share knowledge and
experience with preservice teachers. Within this conceptual theme Putnam and Borko
(2000) explain the importance of tools:

In the world outside of school, intelligent activities often depend upon resources

beyond the individuals themselves such as physical tools and notational systems

(Pea, 1993). Many of these tools do not merely enhance cognition, they transform

it; distributing cognition across persons and tools expends a system’s capacity for

innovation and invention. (p. 10)

Curriculum and other professional materials are examples of these tools that exist for
teachers and are available to preservice teachers during field experiences.

The situative perspective is not the only perspective that can be used to study
learning. The next section describes how the situative perspective can interact with other
perspectives that have also been used to study teacher learning.

2.1.2 The Relationship between the Situative Perspective and Other Perspectives on
Learning

The tenets of the situative perspective do not necessarily exclude other views of
learning. In fact, in some cases, such as the sociocultural perspective, a relatively large
overlap exists between the perspectives. The sociocultural view of learning, attributed to
Vygotsky, gives priority to social interactions. Palincsar (1998) describes this view of
Vygotsky’s in the following way: “as learners participate in a broad range of joint
activities and internalize the effects of working together, they acquire new strategies and

knowledge of the world and culture™ (p. 351-352).
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In her research with secondary mathematics preservice teachers (SMPT), Goos
(2005b) drew on the sociocultural perspective to extend an existing framework that
allowed her to study preservice teacher learning. Goos based her framework on
Vygotsky’s Zone of Proximal Development (ZPD) and Valsiner’s (1997) extension of
Vygotsky’s work. Palinscar describes the ZPD as “what children can do with assistance”
(Palincsar, 1998, p. 353). Valsiner used the extended framework “to explain children’s
development in the context of their relationships to physical environments and other
human beings” (Goos, 2005b, p. 37) . Valsiner’s framework includes two zones in
addition to the ZPD, the Zone of Free Movement (ZFM) and the Zone of Promoted
Action (ZPA). Goos further adapted this framework by applying it to teacher learning
instead of student learning. Thus within her framework, the ZPD represents the
“symbolic space where the novice teacher’s emerging skills are developing under the
guidance of more experienced people” (Goos, 2005b, p. 37). Included in this
characterization of ZPD are the preservice teacher’s skills and experiences working with
technology, their pedagogical beliefs about technology integration, and their general
pedagogical beliefs. The ZFM “‘suggests what teaching actions are possible,” and “might
include their students (behavior, motivation, perceived abilities), curriculum and
assessment requirements, and the availability of teaching resources™ (Goos, 2005a, p. 2).
Finally, the ZPA “represents the efforts of a teacher educator, supervising teacher, or
more experienced teacher colleague to promote particular teaching skills or approaches”
(Goos, 2005b, p. 38). Goos points out that it is possible for multiple ZPAs to exist if the
actions promoted by the teacher educator are different than the actions promoted by the

supervising teacher. Goos’ framework allowed her to focus on the social and certain
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contextual features of the preservice teacher’s experience. In this way the sociocultural
perspective shares with the situative perspective the theme of cognition as social.

The situative perspective can also be integrated with seemingly less related
perspectives, such as the cognitive perspective. The cognitive perspective views
knowledge as individual “understanding of concepts and theories in different subject
matter domains and general cognitive abilities, such as reasoning, planning, solving
problems, and comprehending language” (Greeno, Collins & Resnick, 1996, p. 16). Thus
learning is seen as a *“constructive process of conceptual growth” (Greeno, Collins, &
Resnick, 1996, p. 16). Notable within this perspective is the work of Piaget who focused
on the thinking of children. “Although cognitive structures could not be observed
directly, as physical ones could, Piaget tried to reveal the thought processes of children
through a technique of activity-based interviewing” (Resnick & Ford, 1981, p. 156).

According to Greeno (1998), the situative perspective accounts for aspects of
learning that are invisible or ignored in other traditions while maintaining room for those
perspectives’ lenses within the theory. He argues that research embracing the situative
perspective, which he refers to as interactional, and research employing the cognitive
perspective need not operate in complete isolation, as they traditionally have. Greeno
presents a method for taking into account both perspectives: “begin with the framework
of interactional studies and work inward” (p. 6). Doing so could focus research on the
organization of the situation and the community and also look inward at how individuals
within those situations accomplish the tasks that make them part of the community. He

explains then that "at a general level, the situative perspective subsumes the cognitive
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perspective by viewing conceptual understanding, like behavioral skill, as an aspect of

participation in social practice" (p. 17).
2.1.3 Examples of Research Employing the Situative Perspective

In the next two sections three studies are described that make use of the situative
lens to investigate and describe learning. The first section described a study that looks at
the notion of productive disciplinary engagement in a fifth grade classroom and argues
that productive disciplinary engagement falls under the situative perspective by relating it
to the conceptual themes previously discussed. Also in this section is a description of
another study that shows how the principles of productive disciplinary engagement apply
to the case of mathematics teacher learning. The second section presents a study that
specifically identifies itself as an investigation using the situative perspective to study

secondary mathematics preservice teacher (SMPT) learning.

2.1.3.1 A Study of Productive Disciplinary Engagement

The first study looks at the productive disciplinary engagement (PDE) of a group
of fifth-grade students taking part in a science project. A group of students in the class
was followed as they researched whales and eagles in order to answer an overarching
question about how animals survive. Data was collected on the students’ interactions
within the group via observation and videotape.

The authors describe each part of PDE in turn. First, they explain engagement as
the discourse of the participants in the group. Engagement thus looks at such questions

as: “How are students participating? What proportion of students are participating? And
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how are students’ contributions responsive to those of other students?” (p. 402). Thus
engagement embodies aspects of the themes of both cognition as social and cognition and
distributed. The authors go on to describe disciplinary engagement in a school context in
the following way: “we mean that there is some contact between what students are doing
and the issues and practices of a discipline’s discourse” (p. 402). This part of PDE
resonates with the conceptual theme that cognition is situated. The productive aspect of
PIDE is defined by Engle and Conant as the students actually getting somewhere in their
W ork. In the case of their study this meant that changes occurred in the way students
ar gued about science. While this does not address one of the previously discussed three

themes specifically, it does resonate with the students coming to more fully participate in

<2 pParticular practice of the domain.
After describing PDE, Engle and Conant (2002) present four principles that have

SIXMrerged in their research as fostering PDE in groups of learners. Table 1 presents each of

the four principles and provides brief descriptions of each.
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T able 1. The Four Principles of Productive Disciplinary Engagement

Principle Description
Problematizing “problems do not need to be open from the perspective of experts
content in a discipline, but rather open from the perspective of the

G1iving students
authority

Holding students
accountable to others
and to disciplinary
norms

P roviding relevant
re s oources

students interpreting them.” (Engle & Conant, 2002, p. 404)

“In general, by giving students authority, we mean that the tasks,
teachers, and other members of the learning community generally
encourage students to be authors and producers of knowledge,
with ownership over it, rather than mere consumers of it.” (Engle
& Conant, 2002, p. 404)

“This principle is an expression of the value that each member of
the learning community is not an authority unto himself or
herself, but one intellectual stakeholder among many in the
classroom and beyond.” (Engle & Conant, 2002, p. 405)

“Resources supporting productive disciplinary engagement may
be as fundamental as having enough time to pursue a problem in
depth (Collins, 1998; Henningsen& Stein, 1997) or having access
to sources of information relevant to it.” (Engle & Conant, 2002,
p- 405)

U Sing the case of the fifth grade science students researching and presenting an argument

About different animals Engle and Conant (2002) show how these four principles

< Imerged as fostering PDE. They then go on to illustrate how the principles were found in

t
Vo other examples where PDE was present.

The principles of PDE can be found in examples of mathematics teacher learning

=S weell those of student learning. Smith (2000) studied the dilemmas of one experienced

te .
Acher, Ms. Henderson, and traced how these dilemmas served as “springboards” for her

S . . . .
<Axning. Ms. Henderson was in her twenty-seventh year of teaching but was in her first

<ar using the Visual Mathematics (VM) curriculum. Her style of teaching was focused

Py . . . L
 Mmarily on promoting student success, an idea that came into conflict with her new role
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as facilitator of students’ active construction of mathematics and mathematical
explanations as prescribed by the VM curriculum. The study followed Ms. Henderson as

she confronted this dilemma and “began to reorganize her ways of knowing in order to

resolve the situation” (p. 353).

The extended professional development experience that Ms. Henderson engaged
in prompted her to make changes to the way she thought about and enacted her role as a
mmathematics teacher. Engagement in this process displayed all four of the principles
supporting PDE described by Engle and Conant (2002). First, the content, in this case
Imathematics teaching, was problematized for Ms. Henderson through her participation in
the professional development experience. A dilemma “resulted from the tension between
the teacher’s past practice of structuring learning opportunities so that students could
< X perience success and the new view that students needed to engage in complex problem
SO 1 ving that was often accompanied initially by feelings of being unsuccessful” (Smith,
2000’ p- 358). Second, Ms. Henderson had the authority as the teacher in her classroom to
TMake changes to her teaching practices. Additionally, she was supported in this by the
P resence of other mathematics teachers and administrators from her school who were also
B> art of the professional development experience and responsive to engaging with her
“2xound the mathematics teaching practices at the school. Third, Ms. Henderson was held
St<countable to others and to the new disciplinary teaching norms through her
x 2 volvement in the professional development community. After sharing an episode of her
teElching one of the professional development staff “began to question the need to
= S ntine breaking things down for students” (Smith, 2000, p. 362). Finally, Ms.

Ienderson had access to relevant resources in the form of the new curriculum materials
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and the professional development staff who were able to help her explore her own

questions.

Smith’s (2000) study is an example of a mathematics teacher participating in PDE
of inquiry into her own mathematics teaching and also of the four principles that foster
P DE described by Engle and Conant (2002). Although Smith did not specifically identify
the principles in her study of Ms. Henderson, they were present in ways that contributed
to her learning from her dilemma. The current study also makes use of these four
Principles to study the contexts that support or constrain the practices of a preservice
Imathematics teacher. The next section describes a study that detailed the learning

€ X periences of secondary mathematics preservice teachers (SMPTs).

= Z.3.2 A Study of SMPTs Learning

The second study makes use of the situative perspective specifically to study the
leammg of SMPTs. Peressini, Borko, Romagnano, Knuth, and Willis (2004) investigated
S MPTs learning to teach over time in a variety of contexts. They described their

S Pplication of the situative perspective as follows:

FOF teachers, learning occurs in many situations of practice. These include
university mathematics and teacher-preparation courses, preparatory field
experiences, and schools of employment. Situative perspectives argue that, to
UnqerStand teacher learning, we must study it within these multiple contexts,
taking into account both the individual teacher-learners and the physical and
social systems in which they are participants (Putnam and Borko, 2000). (p. 69)

Theif study reports on the use of a situative framework in the Learning to Teach
=
“=condary Mathematics (LTSM) project that traced the learning of secondary

™ Athematics teachers from their university experiences into their early years of teaching.

23



Y

e esearch framewor
sxmdies content,
oed dt these domams
e preenvice field

Using data from
T with presenv
Cirded during the pre
A e in their
Ergpheation of the

LIeRnice teacher

Q

2 Mracing by

REEINSN TR g

':.Uc‘-‘ " [h\ 3
SO drey of T

‘} ik
i Sgted that

R rﬂl\ Mers

P\"t!i\c

' Thi‘ ey \CCH( I




Their research framework focused on three domains of professional knowledge:
mathematics content, mathematics-specific pedagogy and professional identity. They
looked at these domains across three settings: mathematics and teacher preparation
courses, preservice field experiences, and schools of employment.

Using data from videotaped lessons, observation field notes, written artifacts and
1nterviews with preservice teachers, cooperating teachers and university supervisors
collected during the preservice teachers last years in a teacher education program and
firsttwo years in their own classrooms, the authors present two case studies that illustrate
their application of the situative framework. The first case showed the development of
Omne preservice teacher’s complex notion of proof in her own mathematics learning and
her teaching, tracing her development in the areas of mathematics content and
T athematics-specific pedagogy. The second illustrated the struggle of a preservice
teacherin the area of professional identity after leaving the teacher education program.
"T"he authors stated that the framework applied in this way was useful in tracing SMPT
lei'lrning across the various contexts. In fact, when they encountered contradictory
< Vidence “the framework enabled us to see these differences as coherent and sensible — as
Being integrally connected to norms and expectations specific to the different contexts,
<and to the novice teachers’ evolving professional identities” (Peressini et al., 2004, p. 90).

In conclusion, the situative perspective can allow researchers to be concerned
Vith contexts and environments as well as the participation of individuals within these
Settings. Studies using this perspective have identified principles that support learning
T Om this perspective and have been used with the population that is of interest in this

®uady. The next section presents a review of the literature relevant to the current study.
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2.2 Review of the Literature

The review of relevant literature for this study focuses on four main areas of
research. The first is what preservice teachers learn about teaching mathematics from
participating in field experiences. The second area of research is teacher lesson planning
practices, an activity in which preservice teachers participate in field experiences. The
third area of research in this section describes various views of teacher knowledge. The
final area of research looks at the practice of anticipating students’ mathematical

responses, the activity that is the focus of this study.
2.2.1 Secondary Mathematics Preservice Teachers Learning to Teach Mathematics
Jrom Field Experiences

Field ex periences are a major component of nearly all teacher education
P Xrograms. Research has shown that field experiences can change preservice teachers’
Beliefs and has also focused on how preservice teachers perceive these experiences (e.g.,
cady, Meier, & Lubinski, 2006, Philipp et al., 2007). Field experiences are unique in that
they represent the most authentic set of activities available to preservice teachers learning
O teach. The following section summarizes three studies that focus on what preservice
t<=achers, both elementary and secondary, can learn about teaching mathematics from
Fiey experiences.

In the first of these studies, Strawhecker (2005) examined several different

B T'eparation treatments to determine which contributed most to preservice teachers’ gain
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in Pedagogical Content Knowledge (PCK)>. Ninety-six elementary and middle preservice
teachers at a small Midwestern university took part in four different semester-long
preparation treatments. The first combined a content course, a methods course, and a field
e x perience (CMF) and the second a methods course and field experience (MF). The other
two treatments consisted of only one treatment, either a content course only (C) or a
methods course only (M). Strawhecker used the Content Knowledge for Teaching
M athematics (CKTM) assessment to measure the PCK of the preservice teachers in each
oOf the different preparations. The CKTM "represented a set of survey-based teaching
Problems thought to model various components of the specialized knowledge of
M athematics which is needed for teaching” (p. 7). Although the author provided no
e tails about the exact content of the CKTM, she explained that the survey had 27
T ultiple-choice items that integrated content knowledge, content knowledge situated in
t<aching, and knowledge of students’ thinking ,which provided the researcher an overall
P CK score for each participant. Strawhecker found that overall there were significant
Aifferences between the PCK of the four groups in favor of the two preparations with a
< Ombined methods component and field experience (CMF and MF). Although little detail
“WVas given about the exact nature of what was learned by the preservice teachers,
S trawhecker’s findings imply that field experiences can have a positive impact on the
™ athematical PCK of the preservice teachers.
The second study examined elementary preservice teachers’ application of
Qanitively Guided Instruction (CGI) methods, learned in a methods course, in their field

X perience classrooms. The authors describe CGI as “an approach to helping ‘teachers

PCK isa particular type of knowledge for teaching and is described in detail in the next section.

26



:«.'.J

Ir
’

Vg Briht oy
e CGl in their

Sen gy
ek,

"”.i!.ln\

®lerce

i

o ledge from ¢
renter & Fennema,
voich has been most
subens, Vaoe und Briz
arzhate to therr learr:
zaien that Vace and
2k educalion prog
Teachers who
undcr\l.mdm;
b facilitate ok |
Ivten 1o their U

clearer, and 1
Mathematicy] -

"IN Of thejr |
The firyy Case -
W courge W
for Mudenyy
Helen', h.

M1 certyy

e w, Lair],
Mudeny 1,
pmhlcm
[h!ivu

ach,
soy ;
thy rat}

\[. lhc PrC\L‘,'

e o
Ppre lach. W



use knowledge from cognitive science to make their own instructional decisions’
(Carpenter & Fennema, 1991, p.10)” (Vacc & Bright, 1999, p. 90). Although this
approach has been most often used in the professional development of in-service
teachers, Vacc and Bright’s application with preservice teachers would no doubt also
contribute to their learning to teach mathematics. In fact, the characteristics of CGI
teachers that Vacc and Bright describe could be considered positive outcomes for a
teacher education program.
Teachers who use CGI principles when teaching (a) believe that their
understanding of children’s thinking is a critical component of lesson planning,
(b) facilitate children’s problem solving and discussions of children’s thinking, (c)
listen to their children and question them until the students’ thinking becomes
clearer, and (d) are able to make instructional decisions that are appropriate to the
mathematical needs of their students. (Vacc & Bright, 1999, p. 90)
V accand Bright constructed two case studies of preservice teachers and their experiences
AP plying CGI in their field experience classrooms based on data from written work,
Observations of their teaching, and interviews with the preservice teachers.
The first case focused on Helen, a preservice teacher who stated that she began
the methods course with the belief that “the teacher’s role was to model problem
S Olutions for students” (Vacc & Bright, 1999, p. 98). During her time teaching in the field
< X perience Helen’s beliefs shifted toward a more CGl-oriented approach and the authors
Foundthatto a certain extent she was applying CGI methods:
She was fairly successful in applying some of these [CGI principles] during
student teaching. She planned and implemented instruction that was based on
problem solving, and she facilitated student understanding and critical thinking
through a rather high level of questioning. (Vacc & Bright, 1999, p. 99)

X ) ) .
X contrast, the preservice teacher Andrea, whose beliefs also shifted to a more CGI

> riented approach, was not able to apply the CGI methods in her field classroom. “She
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appeared to focus more on whether the students’ answers matched the responses she was
expecting” (Vacc & Bright, 1999, p. 102).

Vacc and Bright (1999) hypothesized that the differences in learning to apply CGI
techniques during the field experience could have resulted from the influence of the
mentor teachers. Helen’s mentor had *“extensive experience with CGI” but Andrea’s
mentor’s experience “was limited to participation in a 2-hour ‘awareness’ workshop
about CGI” (p. 93). From this the authors concluded that “if preservice teachers are to
1ntemalize coherent applications to teaching and learning mathematics, the environment
in which they student teach and the support they receive need to be consistent with the

Prianciples being advocated in their professional preparation program” (p. 109). This study
h i ghlights the important role of the mentor teaching in the application of university
PP romoted practices by the preservice teachers.

The final study, by Mossgrove (2006), looked at the planning practices of two
S<condary preservice teachers, Paige and Keith, and their use of instructional tasks in
their field experience classrooms. Specifically, she examined the opportunities each of
the preservice teachers had to learn about student-centered instructional practices.

MOSSETOVC found that the curriculum used by each preservice teacher contributed to their
Y<arming of teaching mathematics:
An analysis of the contextual settings in which Paige and Keith worked point to
key di‘fferences in the opportunities that Paige and Keith had during their field
€xperiences to learn about student centered instructional practices...Keith was
greatly influenced by his use of a reform-oriented curriculum, whereas Paige did
not have access to such a curriculum. (p. 5)

The settings for Paige and Keith's field experiences were quite similar, but as the

A L ote above indicates, their exposure to curriculum was not. Paige taught several sections
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of a course called Integrated One using a curriculum published by McDougal Littell.
Keith taught 6th and 7th grade mathematics classes as well as an algebra class for
advanced 8th grade students. In his 6th and 7th grade classes Keith used Connected

Mathematics (CMP) as the curriculum and in his algebra class he used Prentice Hall

Algebral.
Mossgrove (2006) focused her data collection for Keith on his algebra class but

found that his teaching of CMP in the other classes impacted his lesson planning in
algebra. Keith changed the Prentice Hall lessons in order to "let the students make some
Sort of discovery and then talk about it as a class" (p. 164-165). Keith's mentor teacher
referred to this practice of modifying lessons as "CMP it." The result was that Keith
learned how to modify lessons from more traditional texts to make them more student

S<ntered. Paige did not have this opportunity and stayed close to the curriculum in

Pl Aanning lessons for her class. Thus, based on the experience in her field placement Paige

P aq jegsofan opportunity to learn about creating and implementing student-centered

le SSons.
Although field experiences play such a major role in the preparation of teachers,

T
he xe is relatively little evidence of what secondary mathematics preservice teachers learn
S mn the experience about teaching mathematics. Strawhecker (2005) found that field

<
> Xoeriences had an impact on the PCK of elementary and middle school preservice
l
= <A chers, more so than methods courses or content courses alone. Although these findings
R S promising, little detail was provided about the exact nature of the PCK or what

b S 1opened in the field experiences and methods courses that contributed to PCK. The

Q‘her two studies (Mossgrove, 2006; Vacc & Bright, 1999) showed the importance of the
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mentor teacher and curriculum in what the preservice teachers were able to learn about
teaching mathematics from the field experience. These studies provide pictures of teacher
learning in authentic experience (i.e., field experiences) and accentuate the importance of
the role of context in what is learned by preservice teachers. The next section summarizes
research around a specific practice of teachers, one that preservice teachers participate in

during field experiences, namely lesson planning.

2.2.2 Teacher Lesson Planning

Teacher lesson planning has been a site of educational research for a relatively
long period of time in the education research community. A review of research by
Shavelson (1983) on teachers’ pedagogical judgments, plans, and decisions sheds light on
findings from research conducted from the late 1960s to the early 1980s. This early
research with teachers in a variety of content areas pointed to the importance of well-
developed and thought-out lesson plans. “Plans exert such a strong influence on teachers
that teachers tend not to deviate from them once they have begun teaching” (Shavelson,
1983, p. 401). In addition to the importance of the lesson plans, Shavelson reported that
research showed that teacher planning focused on choosing classroom activities instead
of using the model that many were trained to use: “specifying behavior objectives,
specifying students’ entering knowledge and skills, selecting and sequencing learning
activities so that students accomplish objectives, and evaluating the outcomes of
instruction in order to improve planning” (p. 402).

The studies reviewed by Shavelson (1983) made use of a variety of methods to

collect data about teacher lesson planning practices. These methods included
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questionnaires, interviews, ethnography, simulations, and *“think aloud” protocols.
Overall, the findings from the studies suggested that when planning lessons, teachers
were concerned with students and subject matter, although less so with the structure of
the subject matter. Despite their concern with students, two studies were described that
showed how lesson planning could actually detract from students learning. Shavelson
reported that these studies suggested that lesson planning “may be counter productive if
teachers become single-minded and do not adapt their lessons to students needs” (p. 405).

Some research conducted after the studies on lesson planning reviewed by
Shavelson (1983) took the form of expert-novice comparisons. As one example, Borko
and Livingston (1989) examined the differences between expert and novice mathematics
teachers in three areas: planning, teaching, and post lesson reflections. The three novice
teachers in their study, one elementary and two secondary, and their mentor teachers
were interviewed before and after teaching lessons and observed for one week to examine
their practices in these three areas.

Borko and Livingston (1989) found that there were differences in the ways that
the novice and expert teachers planned their lessons. The expert teachers planned on
several different levels including yearly planning, unit or chapter planning, and daily
planning. Although most of the expert teachers’ lesson planning occurred outside of the
formal school day and was not written down, they each described detailed mental plans.

Reported plans typically included a general sequence of lesson components and

content. They did not include details such as timing, pacing, and the exact number

of examples and problems, these aspects of instruction were determined during
the class session on the basis of student questions and responses. In fact, when
asked what would be happening in class each day, [two of the expert teachers]

typically described plans that explicitly anticipated contingencies that were
dependent on student performances. (Borko & Livingston, 1989, p. 480)
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In contrast, the novice teachers’ planning was more focused on the short term.
The authors offered several possible explanations for their differing focus. First, the
novice teachers were only in the class for 12 weeks beginning in January. Because of this
timing, planning at the year and even the semester level had already been completed.
Second, one of the novice teachers noted that the amount of time and energy it took her to
plan lessons meant that she was only able to plan for the next day. Finally, another of the
novice teachers felt constrained in this area by her mentor teacher. “Since I'm kind of like
in [his] system, I’m just going by what he wants done...He basically has said, ‘Do a page
aday.’ So that is kind of what I'm going on and I haven’t stepped back” (Borko &
Livingston, 1989, p. 486).

Another feature of the novice teachers’ lesson planning was that it primarily
focused on how they would represent the mathematical content to students and creating
detailed presentation plans. The novice teachers mainly drew on the teacher’s manual,
their mentor teachers’ notes, and their own learning experiences to create their plans. For
the novice teachers, “the process of creating a mental script for presenting the lesson
content was time consuming and often appeared inefficient” (Borko & Livingston, 1989,
p. 486). In addition to planning their presentation of the material, the two secondary
novice teachers also included working out the problems in their daily planning process.
Although both had access to the problem solutions, one of these novice teachers
explained that “without going through this process it was not possible to ‘own the
problem solution’” (Borko & Livingston, 1989, p. 487).

A final feature of the novice teachers’ lesson planning was that it lacked the

experience that the expert teachers were able to draw on. All three of the novice teachers
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reported wanting to try using less traditional teaching formats but all felt unready to try
something they had little or no experience doing. The novice teachers also lacked
experience with student reactions to the content. “All three reported being unable to
predict where in the curriculum students would have difficulty” (Borko & Livingston,
1989, p. 487). In addition to the novice teachers concern about their own lack of
experience in this area, the authors found that when they enacted their lessons *“all three
ran into problems when student questions or comments led them to attempt explanations
not prepared in advance” (Borko & Livingston, 1989, p. 487).

Based on their findings of the novice and expert teachers, planning, teaching, and
reflection, Borko and Livingston (1989) offer several explanations for the difference
which lead them to make recommendations for field experiences and the final student
teaching experience in particular. Borko and Livingston explain that it was the fact that it
was the novice teachers’ first time teaching the content more so than that it was their first
time teaching in general that limited their lesson planning.

Several of the difficulties the novice teachers encountered, such as the time-

consuming nature of their planning and the inability to anticipate student problem,

are difficulties encountered by most teachers the first time they teach a course or
body of knowledge. Any teacher will think and act like a novice, to some extent,
the first time he or she attempts to teach a particular body of knowledge. (Borko

& Livingston, 1989, p. 489)

Based on this explanation and others, Borko and Livingston offer several
recommendations to remedy the situation: (1) novice teachers should take a reduced
teaching load to afford more time for better planning, (2) novice teachers should teach
content they are very familiar with in order to free them to use their time to plan their

presentation instead of learning the content, and (3) novice teachers should be provided

multiple opportunities to teach the same content so that they can immediately make
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changes to their lessons and try new approaches. The next section describes several

frameworks that outline the knowledge needed for teaching.

2.2.3 Knowledge for Teaching Mathematics

Discussions of what teachers need to know to teach mathematics are prevalent in
the current research literature. Many of these discussions are based on the assumption
that mathematics content knowledge alone is not sufficient to assure effective teaching of
mathematics. Though many share this assumption, the exact knowledge necessary for a
mathematics teacher is not a settled issue and is characterized in different ways by
different authors. This section details the work of Shulman (1986, 1987), Grossman

(1990), and Ball and colleagues in this area.

2.2.3.1 Shulman’s Framework for Teacher Knowledge

One of the most classical characterizations of teacher knowledge is described by
Shulman (1986). He begins the argument for a framework for teacher knowledge that
takes into account content and pedagogy with a historical perspective on the knowledge
deemed necessary to be a teacher. In the 1800s and early 1900s the focus on teacher
knowledge was on content alone, but by the 1980s the emphasis on teacher knowledge
shifted to pedagogy. Shulman argues that both types of knowledge are important for
teachers and that one should not be focused on to the exclusion of the other. To address
this need for a dual focus, Shulman presents a theoretical framework with three types of
knowledge for teaching: (1) Content Knowledge, (2) Pedagogical Content Knowledge

and (3) Curricular Knowledge. He further refined this framework in 1987 to include a
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total of seven different types of teacher knowledge. This formulation of the framework
additionally included: general pedagogical content knowledge, knowledge of learners and
their characteristics, knowledge of educational contexts, and knowledge of educational
ends, purposes, and values. Because this section of the literature review only focuses on
pedagogical content knowledge and characterizations of teacher knowledge that build on
it, only the three types of knowledge included in Shulman’s original framework will be
discussed here.

The first type of teacher knowledge included in Shulman’s (1986) framework is
content knowledge. The content knowledge Shulman describes as being necessary for
teacher requires more than a simple understanding of subject matter.

To think properly about content knowledge requires going beyond knowledge of

the facts or concepts of a domain. It requires understanding of the structure of the

subject matter...Teachers must not only be capable of defining for students the

accepted truths in a domain. They must also be able to explain why a particular
proposition is deemed warranted, why it is worth knowing, and how it relates to
other propositions, both within the discipline and without, both in theory and in

practice. (Shulman, 1986, p. 9)

Thus, a teacher of mathematics needs to know how to do mathematics but also how
mathematics as a discipline is structured and functions, both in its content and processes.

The second type of knowledge in Shulman’s (1986) framework is pedagogical
content knowledge (PCK) which is described as going “beyond knowledge of subject
matter per se to the dimension of subject matter knowledge for teaching” (p. 9). Shulman
further clarified this component of his framework:

Within the category of pedagogical content knowledge I include... the ways of

representing and formulating the subject that make it comprehensible to others.

Since there are no single most powerful forms of representation, the teacher must

have at hand a veritable armamentarium of alternative forms of representation,

some of which derive from research whereas others originate in the wisdom of
practice. Pedagogical content knowledge also includes an understanding of what
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makes the learning of specific topics easy or difficult: the conceptions and

preconceptions that students of different ages and backgrounds bring with them to

the learning of those most frequently taught topics and lessons. (p. 9)

Thus, PCK includes a teacher’s knowledge of the ways that students may interact with
the mathematics they are learning.

The final component of Shulman’s (1986) original framework, curricular
knowledge, has received little attention compared to the other two components. Shulman
describes curricular knowledge as knowledge of

the full range of programs designed for the teaching of particular subjects and

topics at a given level, the variety of instructional materials available in relation to

those programs, and the set of characteristics that serve as both the indications and
contraindications for the use of particular curriculum or program materials in

particular circumstances. (p. 10)

Shulman points out that even more than PCK, which was not a focus of teacher education
programs at the time he presented his framework, curricular knowledge was absent from
the university teacher education curriculum.

Putnam and Borko’s (2000) review of literature on learning to teach included
research on the PCK of preservice teachers. They report that in general novice teachers

enter the classroom as a teacher for the first time with little information about who

their students are or what they know about subject matter being taught. This lack
of information affects their ability to design appropriate instruction...There is
little research evidence concerning novice teachers’ knowledge of specific
understandings and misunderstandings that children have about particular subject
matter content. Additional research is needed to explore how novice (and

experienced) teachers can be helped to acquire such knowledge. (p. 692)

This study seeks to contribute to this area by examining how one preservice teacher in a

field experience learns to consider what her students know during her lesson planning

process. The next section summarizes two studies that explore the existing PCK of
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secondary mathematics preservice teachers (SMPTs) and in one of these studies the

development of PCK.

2.2.3.2 Studies Examining the PCK of Secondary Mathematics Preservice Teachers

Despite the fact that studies and discussion of PCK are relatively prevalent in the
literature, there are surprisingly few studies that look at PCK in relation to SMPTs.
Currently, there appears to be more inquiry into the mathematical PCK of elementary
preservice teachers and practicing teachers. Three studies that do examine PCK with
respect to SMPTs were conducted by Even (1993), Pitts (2003), and Kinach (2002). All
of the studies consider PCK in terms of the mathematical explanations the SMPTs
provide about specific content.

Even (1993) examined the relationship between SMPTs content knowledge and
PCK in the area of function. Specifically, Even was interested in whether the preservice
teachers evidenced knowledge of the two essential features of the modern definition of
function, namely arbitrariness and univalence. Definitions that did not take into account
the arbitrary nature of functions were characterized as “old.” For this study PCK was
defined as “knowing the ways of representing and formulating the subject matter that
makes it comprehensible to others as well as understanding what makes the learning of
specific topics easy or difficult” (p. 94-95). Data was collected via questionnaires
completed by 152 SMPTs and 10 follow-up interviews.

Even (1993) found that when asked to give a definition of function only 78 of the
152 participants were able to supply a modern definition, while 53 supplied an old

definition, 11 other definitions (some kind of a rule, such as the vertical line test, instead
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of a definition), and 10 provided no response. In contrast, when asked to give a definition
that they would present to a student with difficulties understanding the definition of
function only 27 of the 152 SMPTs came up with a modern definition. Sixty-seven of the
participants gave an old definition, 36 other definitions, and 22 gave no response. These
findings indicate that many of the SPMTs in the study did not have a modern conception
of function and that many of those that did not have sufficient PCK to construct a modern
definition of function for students. Even posits that the lack of attention to univalent
property of functions might lead SMPTs to focus more on procedural understanding of
function than meaning. “That is exactly what many of the prospective teachers in this
study did when choosing to provide the students with the ‘vertical line test’ as a rule to
follow and get the right answers without concern for understanding” (p. 112). Even’s
findings indicate that for the SMPTs in her study, having adequate content knowledge of
function did not guarantee fully developed PCK, because not all of the SMPTs with a
modern definition of function were able to represent it in the modern form or with
meaning in definitions for students.

Another study that looked at content knowledge and PCK of SMPTs in the area of
function was conducted by Pitts (2003). Pitts examined these two types of knowledge
with respect to making translations between algebraic and graphical representations of
functions. Using a two part questionnaire completed by 59 SMPTs Pitts gathered data
about (1) how the SMPTs approached problems that called for translations, (2) examined
students’ responses to problems that called for translations, and (3) attempted to address

students’ misconceptions concerning problems that called for translations. To analyze the
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responses from the questionnaire Pitts identified the approaches the SMPTs were taking
to translations as process oriented, object oriented, both, or neither.

In looking at the preservice teachers approaches to translation problems in the
first part of the survey, Pitts (2003) found that 90% of the participants in her study had a
dynamic mental model of translations. That is, their mental models of function were
comprised of both process and object orientations and she further found that many of the
preservice teachers were able to move freely between the two perspectives. When
analyzing student work in the second part of the questionnaire the preservice teachers
were asked how they thought the students were thinking about the representations. As
with the first part of the questionnaire, their responses were coded as process, object,
both, or neither. Pitts found that the preservice teachers’ mental models of the students
thinking were usually accurate when either a process or object orientation was present in
the students’ responses. However, almost 40% of the overall responses were coded as
neither process nor object. Finally, the preservice teachers were asked if they saw any
misunderstandings, or misconceptions, in the students’ responses in the second part of the
questionnaire and if so how they would address these misunderstandings, or
misconceptions. Looking at how the preservice teachers’ explanations of how they would
address the misunderstandings, or misconceptions, Pitts found that more than half of the
explanations, what she referred to as pedagogical approaches, offered made use of neither
the process or object models, even when the preservice teacher had used the model to
solve similar problems themselves. Pitts findings indicate that there are differences

between preservice teachers content knowledge that they use to solve mathematical
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problems themselves and their PCK that they use to think about student responses and
construct mathematical explanations.

The final study of SMPTs PCK addresses a content area different than the first
two, namely the subtraction of integers. Kinach (2002) explored the content knowledge
as well as the PCK of 21 SMPTs in terms of Skemp’s (1978) instrumental and relational
understanding. Using three tasks about integer subtraction and discussions and reflections
around those tasks, Kinach challenged the SMPTs’ thinking about their own
understanding of integer subtraction and about how their future students might receive
their explanations of integer subtraction. Each task called on the SMPTs to construct an
explanation about integer subtraction. The first specified no context, the second a number
line context and the third an algebra tile context. As the SMPTs developed and discussed
their explanations they saw that their original explanations, and in fact their own
understandings, were more instrumental than the later explanations in context. Kinach
concluded that her strategy for transforming the PCK of the SMPTs was useful and that it
could be employed for othér content.

Beyond providing these specific mathematical insights into changes in the

prospective teachers’ PCK and SMK [subject-matter knowledge] for the example

of addition and subtraction of integers, the results of the present study refine our

understanding of the transformation process itself. (Kinach, 2002, p. 64)

All three of these studies shed light on the relationship between SMPTSs’ content
knowledge and their PCK. The authors of these studies all examined PCK using the
preservice teachers’ mathematical explanations. This particular type of PCK has been

characterized by Grossman (1990) as knowledge of instructional strategies"‘ . Even (1993)

found that a “modern” understanding of function did not ensure “modern” mathematical

3 . , - . .
A complete outline of Grossman’s PCK framework can be found in the next section.
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explanations of function. Similarly, Pitts (2003) found that the dynamic mental models of
translations (representing both the product and object perspective) did not guarantee the
explanations of translation were dynamic or in fact would include either a process or
object characterization of function. And Kinach (2002) showed that the type of content
knowledge, either relational or instrumental, impacted the resulting mathematical
explanations and that through carefully designed assignments preservice teachers were
able to recognize the limitations of their explanations and to develop explanations that
were more relational. The next section provides an overview of Grossman’s four forms of
PCK as they appear in her model of teacher knowledge, and highlights one of them as

representing the type of PCK being examined in this study.
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2.2.3.3 Grossman’s Model of Teacher Knowledge

Grossman’s (1990) model of teacher knowledge builds on Shulman’s (1986)

framework of the knowledge needed for teaching (Figure 1).

SUBJECT MATTER
KNOWLEDGE GENERAL PEDAGOGICAL KNOWLEDGE
Syntactic Substantive Leamners | . csroom Curriculum
Content and and Other
Structures Structures . Management )
Learning Instruction

) I

PEDAGOGICAL CONTENT KNOWLEDGE

Conceptions of Purposes for Teaching Subject Matter

Knowledge’ of Curricular Knowledge of
Students Knowledge Instructional Strategies
Understanding & &
KNOWLEDGE OF CONTEXT
Students
Community District School

Figure 1. Grossman (1990) Model of Teacher Knowledge

The first component of PCK in Grossman’s model comprises of the conceptions teachers
hold about the purposes for teaching a subject at different grade levels. Grossman states
that conceptions are represented by the teachers’ goals for teaching particular subject
matter. The second component, knowledge of students understanding, includes

knowledge of conceptions and misconceptions of particular subject matter. Grossman
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explains that “to generate appropriate explanations and representations, teachers must
have some knowledge about what students already know and what they are likely to find
puzzling” (p. 8). This type of teacher knowledge is the focus of this study. The next
section describes how Deborah Ball and her colleagues have also built on Shulman’s
PCK to further characterize this type of teacher knowledge. Curricular knowledge is the
third component of Grossman’s model. This component includes knowledge of available
curriculum materials as well as knowledge of the vertical curriculum, or the topics that
are traditionally taught before an after what the teacher is teaching. The final component
of the model is knowledge of instructional strategies. Included in this is knowledge of
“metaphors, experiments, activities or explanations that are particularly effective for

teaching a particular topic” (p. 9).

2.2.3.4 Ball and Colleagues’ Mathematical Knowledge for Teaching

The work of Deborah Ball and her colleagues also builds on Shulman’s
framework of teacher knowledge. Hill, Ball, and Schilling (2008) describe the knowledge
needed for teaching as mathematical knowledge for teaching which they define as “the
mathematical knowledge that teachers use in classrooms to produce instruction and
student growth” (p. 374). Like Shulman (1986, 1987) and Grossman’s (2000)
characterizations of teacher knowledge, mathematical knowledge for teaching is
comprised of differing types of knowledge that represent both subject matter knowledge

and pedagogical content knowledge (Figure 2).
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Figure 2. Representation of Hill, Ball, and Schilling (2008) Model of Mathematical
Knowledge for Teaching

The type of knowledge in this model that is of particular importance to the proposed
study is knowledge of content and students (KCS) which is defined as *“content
knowledge intertwined with knowledge of how students think about, know, or learn
particular content” (p. 375). KCS incorporates elements of Schulman’s PCK and
Grossman’s knowledge of students understanding but also includes knowledge of
content. This addition is important to the formulation of knowledge being examined in
this study because one way that teachers consider how students will interact with the
mathematics is to interact with the mathematics themselves. Teachers’ knowledge of the
mathematics, both at the level at which students engage with it and at higher levels of

understanding, contributes to their ability to consider how students will respond to the
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mathematics as they plan lessons. Through the development and testing of measures Hill,
Ball, and Schilling have found that KCS is a type of knowledge held by teachers. “The
factor analysis of multiple forms and interviews with teachers suggest that familiarity
with aspects of students’ mathematical thinking, such as common student errors, is one
element of knowledge for teaching” (p. 395).
A second type of knowledge that will be important for this study is specialized
content knowledge (SCK). Ball, Thames, and Phelps (2008) define SCK as:
knowledge not typically needed for purposes other than teaching...This work
involves an uncanny kind of unpacking of mathematics that is not needed—or
even desirable—in settings other than teaching. Many of the everyday tasks of
teaching are distinctive to this special work. (p. 400)
Although SCK is defined by Ball and colleagues as subject matter knowledge rather than
pedagogical content knowledge, it is a type of knowledge that teachers likely use in
preparing lesson plans. In preparing lessons plans and making use of SCK, teachers may
begin to consider their students’ reactions which could lead to making use of KCS. The

next section delves further into these ideas by describing the practice of anticipating

students’ mathematical responses.

2.2.4 Anticipating Students’ Mathematical Responses as a Practice of Lesson Planning

Anticipating students’ mathematical responses during lesson planning is a
practice adopted by some teachers of mathematics that receives its current name from
Stein, Engle, Smith, and Hughes (2008). While using this term to describe this particular
practice is relatively new to some in the field, the practice itself is not. Leinhardt (1988)
described the routines of expert teachers as they related to planning and teaching lessons.

In constructing their lesson scripts, or the set of actions they would use to teach a
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particular topic, expert teachers drew on their knowledge of how students engaged with
the mathematics the last time they taught that topic. “Teachers seem to construct flags for
themselves that signal material that will cause difficulty as it is being learned, and then
they adjust their teaching of the topic in response to those flags or to past successes of
what ‘worked’” (Leinhardt, 1988, p. 51). Leinhardt also pointed out that novice teachers
lack the knowledge of students needed to do this.

A lesson given by an effective teacher who has been teaching for many years
essentially contains layers of accumulated knowledge about the topic and how to
teach it... Without these [lesson] scripts novice teachers face two problems. First,
they are frequently drawn off their focus to follow a particular student in ways
that are not helpful for the rest of the class; and second, they fail to anticipate the
crucial feature or dimensions of what is important or difficult about a topic. (p.
52).

Schoenfeld (1998) also addresses a concept that includes anticipating students’
mathematical responses, which he describes a lesson image. A lesson image is:

the teacher’s envisioning of the possibilities and contingencies of a lesson. The
teacher’s lesson image includes knowledge of his or her students and how they
may react to parts of the planned lesson; it includes a sense of what students are
likely to be confused about, and how the teacher might deal with that confusion;
and more. (p. 18)

Schoenfeld goes on to present an example of a lesson image from a teacher named
Nelson. The excerpt of the lesson image provided picks up after Nelson has explained
that his students will have little trouble with problems (a) and (b).

In contrast, Nelson expected some initial student confusion with problem (c). He

planned to begin as with problems (a) and (b), soliciting student answers. There

would, he thought, be some different answers, and some students who said that

didn’t know or understand. To deal with the confusion Nelson planned to work
> xxoxexox

through the example at the board, expanding X g XXX XX , canceling the
O oxxexexex

x’s, and obtaining x0 =1as a result. (p- 40)
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Finally, in her book that describes how she has used problems to teach
mathematics, Lampert (2001) provides an example of how she anticipates students’
mathematical responses (SMRs) while planning a lesson around the relationship between
multiplication and division. She began by considering the different strategies that fifth
graders might use to solve the problem she will pose.

With this work, I was anticipating where my students might get stuck or distracted

as well as what might provoke productive work. I needed to think of all the things

they would or could do when presented with the problem. This kind of
preparation showed me what words might be useful in talking about their
solutions, as well as what drawings they or I might use to support their studies. To
respond to their work in a thoughtful way, I needed to be able to anticipate what
they might be able to do independently and where they would need information

from me to proceed productively. (p. 103)

Leinhardt (1988), Shoenfeld (1998), and Lampert (2001) provide evidence that
anticipating SMRs is an explicit practice of some mathematics teachers. The next
sections further describe this practice by detailing a framework for teachers that includes
anticipating SMRs and discussing two widely-used professional development models that
make use of the practice.
2.2.4.1 Anticipating Students Mathematical Responses as Part of a Model for
Facilitating Mathematical Discussion

Anticipating students’ mathematical responses is the first practice in a five-
practice model for planning and facilitating mathematical discussion developed by Stein,
Engle, Smith, and Hughes (2008). Although the authors do not define what they mean by
a practice in this model, their use of the term resonates with Greeno’s (1998) definition of

practices as “regular patterns of activity in a community, in which individuals

participate” (p. 6). The model was developed to guide mathematics teachers in their role
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as discussion facilitator; a role which is critical in reform-oriented visions of mathematics
teaching. To provide the rationale for such a model Stein et al. begin by describing their
view of the reform movement in mathematics education. The “first generation” (p. 316)
of this movement brought with it a new vision of mathematics classrooms. In these
classrooms students engaged with realistic and complex mathematical tasks and made
sense of the mathematical ideas through their own work with the tasks and class
discussion. Stein et al. point out that in this generation of reform the role of the teacher in
helping students make sense of mathematics through class discussion was “ill-defined”
(p- 316). The result was mathematics classrooms in which discussions were often more of
a “show and tell” (p. 318) of mathematical solutions than a site for building meaningful
mathematical ideas. In response to the lack of direction for teachers the, “second
generation” (p. 319) of reform in mathematics came about. This generation of reform *re-
asserts the critical role of the teacher in guiding the mathematical discussions” (p. 320)
by attempting to identify teacher practices that would support the types of discussions
being advocated for in the first generation. Stein et al. address this goal by presenting five
key practices for facilitating mathematical discussion based on recommendations from
the mathematics education literature that “can make student-centered approaches to
mathematics instruction more accessible and manageable for more teachers” (p. 334).
The authors suggest that these practices are especially suited to teachers who are new to
the idea of facilitating mathematical discussions. “We argue that novices need a set of
practices they can routinely do to both prepare them to facilitate discussions and help
them gradually and reliably learn how to become better discussion facilitators over time”

(p. 321).
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The five practices from Stein et al. (2008) presented in this section are meant to
aid teachers in the process of planning and implementing strategies to facilitate
mathematical discussion in their classrooms. While only the first practice is the focus of
this study, descriptions of the other practices are also provided to help provide context.
The first of the five practices calls on teachers to anticipate students’ mathematical
responses (SMRs).

Anticipating students’ responses involves developing considered expectations

about how students might mathematically interpret a problem, the array of

strategies—both correct and incorrect—they might use to tackle it, and how those
strategies and interpretations might relate to the mathematical concepts,
representations, procedures, and practices that the teacher would like his or her
students to learn (Lampert, 2001; Schoenfeld, 1998; Yoshida, 1999, cited in

Stigler & Hiebert, 1999). (p. 322-323)

As a part of the lesson planning process, anticipating student responses would come after
the selection of a mathematically appropriate and cognitively demanding task. Stein et al.
present a variety of methods teachers could use to anticipate students mathematical

responses:

= Completing the task themselves and considering a variety of possible solution
strategies from the perspective of the students in their classrooms

* Working with other teachers to consider possible anticipated SMRs
* Drawing on knowledge from the research literature
» Using curricula that provide possible SMRs

*  Watching or reading video and written cases of other teachers teaching with
similar tasks

The methods, or sources, of anticipation suggested by Stein et al. are generally available

to teachers. Because anticipation is not necessarily based on teaching experiences, the
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practice of anticipating is accessible to preservice and beginning teachers as a way to
begin to develop their skills in facilitating mathematical discussions.

The second practice recommended by Stein et al. (2008) is monitoring students’
responses. Teachers can do this while students are working on the mathematical task by
walking around and observing the different solution strategies and student thinking. The
authors explain that this practice encompasses more than just circulating to keep students
on task; the teacher who is monitoring students’ responses needs to “actively attend to the
mathematics within what the students are saying and doing, assess the mathematical
validity of students’ ideas, and make sense of students’ mathematical thinking even when
something is amiss (Nelson, 2001; Shifter, 2001).” (p. 326). Further, they go on to point
out that anticipating SMRs, the first practice in the model, supports the practice of
monitoring. “Those teachers who have made a good faith effort during initial planning to
anticipate how students might respond to a problem will feel better prepared to monitor
what students actually do during the explore phase (Lampert, 2001; Schoenfeld, 1998)”
(p. 326).

The third practice in the Stein et al. (2008) model is purposefully selecting student
responses for public display. It is during this phase that teachers plan what solutions and
ideas they want to highlight in the upcoming discussion. This practice allows the teacher
to ensure that the desired mathematical ideas and representations are presented and
discussed, that misconceptions are put forth and resolved and that ideas not considered by
any of the students in the class are brought forward. As with monitoring, anticipating

SMREs is helpful for teachers to later select students’ responses to make public.
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Like the previous three, the fourth practice, purposefully sequencing student
responses, builds on the others. Stein et al. (2008) explain the value of this practice for
mathematical discussions, “by making purposeful choices about the order in which
students’ work is shared, teachers can maximize the chances that their mathematical
goals for the discussion will be achieved” (p. 329). The authors provide several possible
ways of sequencing student responses including presenting the strategy used by most
students first or beginning with a common misconception. They stress the fact that there
is no best order but that teachers should consider their knowledge of students and their
goals when deciding how to sequence the presentation of student responses.

The final practice for teachers facilitating mathematical discussions in the Stein et
al. (2008) model is connecting students’ responses.

They can help students make judgments about the consequences of different

approaches for the range of problems that can be solved, one’s likely accuracy

and efficiency in solving them, and the kinds of mathematical patterns that can be
most easily discerned. They also can help students see how the same powerful
idea (e.g., there is a multiplicative relationship between quantities in a ratio) can
be embedded in two strategies that on first glance look quite dissimilar...So,
rather than having mathematical discussions consist of separate presentations of
different ways to solve a particular problem, the goal is to have student
presentations build on each other to develop powerful mathematical ideas.

(p- 330)

This final practice is the last step towards creating the kind of mathematical discussion
set forth by the authors at the outset of the article, specifically one in which teachers
“orchestrate whole-class discussions that use students’ responses to instructional tasks in
ways that advances the mathematical learning of the whole class™ (p. 314).

As already stated, the practices advocated by Stein et al. (2008) are not new to

mathematics educators; they have just been put together in a novel way in a model that is

approachable and accessible to experienced teachers thinking about teaching mathematics
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in a new way and to preservice teachers just beginning to think about how they will teach
mathematics. The practice of anticipating SMRs is also part of two other professional
development activities taking place in the United States and other countries. The
Cognitively Guided Instruction (CGI) model of professional development has been used
in the United States to help elementary teachers make use of their student thinking in
their teaching. The tradition of lesson study has been used in Japan, and is enjoying
increasing popularity in the United States, as a way to help teachers study their own
practices. The following sections outline CGI and lesson study and explain how

anticipating SMRs is an integral part of each.

2.2.4.2 Cognitively Guided Instruction

Cognitively Guided Instruction (CGI) employs a specific strategy of anticipating
SMRs presented by Stein et al. (2008), namely drawing on knowledge from the research
literature. CGl is a professional development program for elementary mathematics
teachers based on the tenets that “1) Instruction must be based on what each learner
knows, 2) Instruction should take into consideration how children’s mathematical ideas
develop naturally, and 3) Children must be mentally active as they learn mathematics”
(Fennema, Carpenter, & Peterson, n.d., p. 15) In working with teachers the CGI program
addresses these tenets by focusing on the development of student’s mathematical thinking
and building on the teachers existing knowledge (Carpenter, Fennema, Franke, Levi, &
Empson, 2000), using research on student’s thinking in particular content areas.

An example of the kind of research on student thinking CGI uses in professional

development can be found in Carpenter, Fennema and Franke (1996). The authors
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provide a variety of research including some about classes of addition and subtraction
problems which they characterize as involving “(a) joining actions, (b) separating actions,
(c) part-part-whole relations, and (d) comparison situations” (p. 6). Carpenter, Fennema
and Franke explain that their analysis “provides a coherent, principled framework for
teachers to understand children’s development of basic whole-number concepts” (p. 13).
Knowledge of this kind of framework contributes directly to teachers’ ability to anticipate
SMRs: “The CGI framework also provides teachers a coherent basis for identifying what
is difficult and was is easy for students and for dealing with common errors they make”
(p- 14). The knowledge of student learning that teachers in the CGI program have access
to allows them to anticipate students’ mathematical responses by providing them a
research base to make the “considered expectations” to which Stein et al. (2008) refer.
Research focusing on the outcomes of CGI has identified positive results for both
teachers and their students. In their study of 20 elementary teachers enrolled in a summer
CGI workshop, Carpenter, Fennema, Peterson, Chiang, and Loef (1989) found that once
they returned to their classrooms:
CGlI teachers more often posed problems to students and more frequently listened
to the process used by students to solve problems. In contrast, in giving feedback
on students’ solutions to problems, control teachers focused more frequently on
the answer to the problem than did the CGI teachers. (p. 520)
In addition, there was a slight difference in student achievement between the students in
the classes of the CGI teachers and those in the classes of the control teachers. “Although

differences in student achievement were modest, the differences found consistently

favored the CGI treatment group” (p. 526).
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2.2.4.3 Lesson Study

The Japanese practice of lesson study differs as a professional development
program from CGI in that it does not provide information that will help a teacher
anticipate SMRs in the way that Stein et al. (2008) describe. Instead, lesson study expects
that teachers will anticipate SMRs and provides a lesson framework and community that
supports teachers in doing this. Lesson study holds a prominent position in the
professional development of Japanese teachers and dates back to the early 1900s
(Fernandez, 2002; Shimuzu, 2002). “Lesson study brings together groups of teachers to
discuss lessons that they have first jointly planned in great detail and then observed as
they unfold in actual classrooms” (Fernandez, 2002, p. 393). Although the practice
originated in Japan, U.S. teachers have recently taken up the practice for their own
professional development (Chokshi & Fernandez, 2004). The structure of lesson study
incorporates several features that support teachers in anticipating SMRs.

They begin the process ...by reading about what other teachers have done, what

ideas are recommended by various educational groups, what has been reported on

students’ learning of this topic, and so on. They design several lessons, one group
member tries them out while the others observe and evaluate what works and
what does not, and they revise the lessons. They often base changes on specific
misunderstandings students’ evidence as the lesson progresses. (Hiebert & Stigler,

2000, p. 10)

In addition to taking these steps which are intended to produce increasingly better
lessons, the written lesson plans themselves include what the teachers anticipate that

students will respond. Shimizu (2002) presents the following as a common framework for

lesson plans that are designed in the lesson study process (Figure 3).
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Main Learning  Anticipated Remarks on
Activities Students’ Teaching
Responses

Steps

Posing a problem

Students’ problems solving on
their own

Whole-class discussion
Summing up
(Exercise/Extension)

Figure 3. Shimizu's (2002) Common Framework for Lesson Plans

Notice that the anticipated SMRs are thought out for each phase of the lesson and are
considered before the planned actions of the teacher.

To get a clear picture of what anticipating SMRs might look like in a written
lesson plan, Shen, Poppink, Coi, and Fen (2007) provide an example. Although they
present a lesson from a Chinese teacher and not Japanese teacher involved in lesson
study, the Chinese lesson has many of the same components as the Japanese lesson study
lesson plans and can still serve as an example for those unfamiliar with the practice of
anticipating in a written lesson plan. Shen et al. present steps that are common to the
Chinese teachers’ lesson planning process "(a) specifying cognitive and affective
objectives; (b) identifying key points of the content; (c) anticipating difficult points for
students; and (d) designing the lesson flow" (p. 251). As in Japan, Chinese teachers use
lesson planning as more than just a list of activities to complete in class, instead they
view it as "a practice of professional responsibility and development” (p. 248).

The lesson plan presented by Shen et al. (2007) was designed to allow students to

explore the sum of measures of internal angles of a polygon. In anticipating SMRs the
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teacher identifies a possible difficulty students might encounter: "Difficult point: a
student’s understanding that the vertices of a polygon must be on the same plane, a
necessary condition that is difficult for many students to understand" (p. 252). Also

included in the plan are a variety of possible student strategies (Figure 4).

D

Figure 4. Representation of Possible Strategies Identified by the Teacher That Students
Might Employ to Find the Interior Angle Sum of a Quadrilateral (Shen et al., 2007)
This lesson plan considers two of the main aspects of anticipating SMRs outline by Stein
et al. (2008), namely student solution strategies and common student difficulties.

The next section presents the research questions for the study and outlines the
framework created by the researcher for use in this study. This framework is based on the
situative perspective and the literature reviewed here about teacher knowledge and the

practice of anticipating.
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2.3 Research Questions and Framework

This study made use of the situative perspective to investigate a field experience
by describing the situations and communities that made up the field experience and by
“working inward” as described by Greeno (1998) to look at the practices of one SMPT as
she participated in these situations and communities. During field experiences preservice
teachers are influenced by a variety of contextual factors including university courses,
mentor teachers, field instructors, school communities, students, available resources, and
possibly unknown factors. The focus of the situative perspective on environmental
contexts, social interactions, and tools necessitated that the researcher take into account
these contextual factors. Additionally, the rcsearcher was able to focus on a more
cognitive aspect; that is, one preservice teacher and her developing lesson planning
practices.

To narrow the scope of the study within the field experience, this study focused
on a specific lesson planning practice, namely anticipating students’ mathematical
responses. A practice is defined here as Greeno (1998) defines it as “regular patterns of
activity in a community, in which individuals participate™ (p. 6). This practice was
selected as the focus of this study for three reasons. First, research has shown that the
practice of anticipating students’ mathematical responses relies on a type of knowledge
that preservice teachers often do not have access to when they enter field experiences.
Second, anticipating students’ mathematical responses represents a practice not yet
studied in relation to SMPTs. Third, this practice was a key practice advocated by the

secondary mathematics teacher preparation program at the university where this study
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took place. For this study, the practice of anticipating students’ mathematical responses
will be defined as considering how students will react to the lesson, specifically the
mathematics and the mathematical tasks, as the lesson is being planned or any time prior
to the teaching of the lesson. This practice encompasses other practices of teaching that
are described in relation to the upcoming anticipation framework.

Using this definition of anticipating students’ mathematical responses and the
situative perspective to examine both the context of the experience and to narrow in on
the experience of one preservice teacher, the study addressed the following research

questions:

1. What is the nature of a preservice teacher's practice of anticipating students'’
mathematical responses during lesson planning over the first semester of her field

experience?

2. What factors within the contexts of a teaching internship (a field experience and
accompanying university course) promote or do not promote the practices of one
preservice teacher anticipating students’ mathematical responses during lesson
planning?

The research framework employed in this study was developed based on the

previously reviewed literature and the situative perspective. Figure 5 shows the

anticipation framework developed for this study.
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The anticipation framework is divided into active/purposeful and
passive/incidental components, both of which have the potential to lead to three types of
outcomes: student solution strategies (SSS), student nafve conceptions (SNC), or student
questions and difficult points (SQDP). These outcome categories were based on the
literature that showed that as teachers plan mathematics lessons they anticipate several
types of student responses. First, teachers anticipate students’ solution strategies by
considering various ways that students could solve problems and approach tasks
(Lampert, 2001; Shen, Poppink, Cui, & Fan, 2007; Stein, Engle, Smith, & Hughes,
2008). Second, teachers are mindful of the naive conceptions or misconceptions that
students bring with them to class which will have an impact on how they interact with the
lesson (Carpenter, Fennema, & Franke, 1996; Stein, Engle, Smith, & Hughes, 2008).
Third, teachers identify points in the lesson that may be difficult for students and where
they may need extra help to successfully participate in the lesson (Carpenter, Fennema, &
Franke, 1996; Gaea Leinhardt, 1988; Schoenfeld, 1998; Shen, Poppink, Cui, & Fan,
2007).

The active/purposeful side of the framework represents the actions taken when a
teacher chooses to anticipate students’ mathematical responses (SMRs) as described by
Stein et al. (2008). In other words the teacher “makes an effort to actively envision how
students might mathematically approach the instructional tasks(s) that they will be asked
to work on” (p. 322). After a teacher has made the choice to anticipate SMRs during
lesson planning they can choose to participate in one or more activities that would help
them to do this. Two of the three outside resources listed on the left side of the

framework were suggested by Stein and colleagues. An additional resource, other
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teachers, was added to this side of the framework based on the situative perspective,
specifically the focus on the distributed nature of knowledge. When the teacher consults
these resources, attempts to complete the task in multiple ways, or takes the position of
students they are drawing on either their own knowledge of content and students (KCS)
or the KCS that is distributed in the mathematics education community.

The passive/incidental side of the anticipation framework is made up of the same
resources and activities that appear on the active/purposeful side of the framework. The
difference is that the right side of the framework represents participation in these
activities or use of these resources for reasons other than the anticipation of SMRs. All of
these resources and activities have purposes in teaching other than anticipation. Despite
the originally intended purpose, participation in these activities or use of these resources
might contribute to a teacher anticipating SMRs if they come across this knowledge and
choose to make use of it. One difference between the elements on the active/purposeful
side and the elements on the passive/incidental side is that when the teacher completes
the activity in one way to prepare for class they are likely not making use of KCS. KCS
includes knowledge of how students respond to particular content, but in this case the
teacher is preparing one strategy to present to students. In this instance the teacher is
likely drawing on their own specialized content knowledge (SCK) to prepare one solution
method for the lesson that is based on their own way of looking at the mathematics.

In addition to the anticipation practices, resources, and outcomes, the anticipation
framework also takes into account the influence of the situated nature of the experience.
The Zone of Free Movement (ZFM) is represented by the resources that appear in the

framework. For example, if the teacher does not have access to research literature they
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will not have the ability to use it to anticipate or for any other reason. The Zone of
Promoted Action (ZPA) has bearing on which path through the framework a teacher
chooses to take.

In addition to the anticipation framework, this study makes use of a combination
of Goos’ (2005a, b) framework and Engle and Conant’s (2002) principles of productive
disciplinary engagement. In this part of the research framework for this study, the ZFM
and the ZPA are each composed of two of the principles:

Zone of Free Movement

= Relevant Resources

=  Authority

Zone of Promoted Action

* Problematizing Content

= Accountability to Others and Disciplinary Norms
In Goos’ framework the ZFM represents what is possible, which in her characterization
includes teaching resources and curriculum and assessment requirements. Thus, in this
study the ZFM represents the resources available to support the practice of anticipating
and the use of authority that allows for the practice of anticipating. The ZPA represents
the actions of the university or school faculty to promote particular practices. In this
study the ZPA is comprised of the actions or elements of the contexts that problematize
tcaching and/or mathematics in ways that lead, or do no lead, to the practice of
anticipating and the norms that the intern is held accountable to that promote or do not
promote anticipating. The next chapter details how the methodology of this study,

including how the anticipation framework was used for data analysis.
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CHAPTER 3. METHOD

This study examined how one secondary mathematics preservice teacher
anticipated students’ mathematics responses in her lesson planning during the first
semester of her internship year. This chapter outlines the methods, data sources, and
analytic techniques used in this investigation.

The process of inquiry used in this project was primarily case study. In case
studies, researchers explore “in depth a program, an event, an activity, a process of one or
more individuals” (Stake, 1995 as cited in Creswell, 2003, p. 15). Further, case studies
are defined by “interest in individual cases, not by the methods of inquiry used” (Stake,
2000, p. 435). They are “bounded by time and activity, and researchers collect detailed
information using a variety of data collection procedures over a sustained period of time”
(Stake, 1995, cited in Creswell, 2003, p. 15). This study’s design met these criteria in that
it focused on one individual, Megan, and her practices and interactions during the first
semester of her field experience and used a variety of data to build the case study.

Another process of inquiry present in this study was ethnography. In ethnography,
researchers study “an intact cultural group in a natural setting over a prolonged period of
time by collecting, primarily, observational data” (Creswell, 2003, p. 14) with an intent to
“obtain a holistic picture of the subject of study with emphasis on portraying the
everyday experiences of individuals by observing and interviewing them and relevant
others (Creswell, 2003, p. 200). By studying Megan’s interactions in both of the contexts
of her field experience, as she planned lessons and worked, this study has made use of
ethnographic methods. The researcher in this study was a teaching assistant in one of the

courses taken by Megan and her peers prior to the study and continued to serve as a
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resource and source of support to the preservice teachers during the study. In this way,
the researcher participated in participant observation as described by Jacob (1987). “As
the name implies, participant observation combines both participation in the culture being
studied and observation of the patterns” (Jacob, 1987, p. 14).The following sections
further describe the contexts and participants as well as the data collection and analysis

methods employed in this study.
3.1. Context

The two main contexts in which the preservice teacher, Megan®, operated were
sites for analysis in this study. The following two sections describe each of these

contexts.
3.1.1 University Context

The university context was set in the mathematics teacher education program in a
large Midwestern university. Prospective teachers in this program spend five years at the
university. All prospective teachers graduate with a mathematics degree after four years
and obtain a teaching license after their fifth year of structured field experience, referred
to as the internship year. In addition to the education coursework required of all
prospective teachers seeking licensure at the university, secondary mathematics
preservice teachers enroll in four mathematics-specific methods courses in their fourth

and fifth years of study. The first set of courses will be referred to as the senior year

4 .
In order to protect anonymity all names are pseudonyms.
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methods courses and the second set, which take place during the internship year, simply
as the methods courses.

The university’s internship program is designed as a year-long experience in the
fifth year of the teacher preparation program. During the semester that data was collected,
the program elements remained consistent with what they had been in previous years and
all portions took place as expected. The interns spent the entire school year in a school
teaching mathematics classes alongside their mentor teacher. Figure 6 shows the intended
schedule of the teaching load and university courses, both general and content specific, as

described in the teacher education program handbook.
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Figure 6. Schedule of Intern Teaching Responsibilities
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The experience is designed so that the interns take full responsibility for one class, called
the Focus Class, beginning the first week of the school year and continuing until the end
of the field experience. During the first semester the intern is to have primary
responsibility for one additional class during Lead 1 and two additional classes during
Lead 2. The secondary teacher preparation program handbook provides specific guidance
on the expectations of the interns’ development of lesson planning practices within the
internship experience.

In lesson planning, the intern learns to design purposeful and practical

activities that carry a unit forward. She or he learns to anticipate and adapt

to situations that might arise in those activities, to use time efficiently, and

to allow for the unexpected. Again, the Mentor Teacher and field

instructor offer support, feedback and coaching. (Handbook, p. 14)

In addition to teaching in a school during the internship year, the interns
continued to attend classes at the university one day a week for ten weeks of the 15
weeks of the semester. During the first semester the university courses did not meet
during the Lead 1 and Lead 2 weeks. On the days that the interns returned to the
university they participated in two courses, one general education course focusing on
professional roles and teaching practices and the other, the methods course, which was

specifically related to reflection and inquiry in secondary mathematics teaching. The next

sections describe the senior year and internship methods courses.

3.1.1.1 The Senior Year Methods Courses

During their fourth year in the program the secondary mathematics preservice
teachers enrolled in two methods courses, one during the fall semester and one during the

spring semester. Although most of the preservice teachers completed a bachelor’s degree
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in mathematics by the end of their fourth year, the senior year methods courses were the
first classes they took in the college of education related specifically to the teaching of
mathematics. An important aspect of the design of the senior year methods courses was
the field component. The preservice teachers were required to spend four hours per week
in a local middle or high school mathematics class and to teach several lessons each
semester. Many of the course assignments and discussions in the senior year methods
courses were based on the preservice teachers’ experiences in this field experience.
Another key component of the fall section of the senior year methods course was the
microteaching lab, in which the preservice teachers collaboratively wrote and
individually taught two to three lessons to their peers and received feedback from peers
and instructors.

The goals of the senior year methods courses as stated in the syllabi were that
preservice teachers would:

= Deepen and connect mathematical content knowledge with student

mathematical understanding.

* Develop a deeper understanding of the mathematics content you are
teaching and how it can be meaningful for your students.

® Analyze from a new perspective what mathematics is and what it
means to learn, do, and teach mathematics.

® Learn to listen to and look at students’ work as a way to inform
teaching, using evidence from these to make decisions.

* Learn to design and implement lessons in ways that engage students in
learning (tasks, sequence, discourse, questioning, use of technology)

® Learn to reflect on your practice — both from your perspective as a
teacher, as a researcher, as a learner, and from the perspective of what
you see students learn.

* Recognize what is meant by equity and access to quality mathematics
for students, parents and communities (including attention to policy)

* Develop an understanding of what it means to have high expectations
for all students.
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= Develop strategies and frameworks for planning and assessment.

= Develop mathematics teaching strategies, such as lectures and class
discussions, cooperative groups, activities, etc.

® Learn about mathematics support systems, including state and national
standards, texts and other teaching materials, mathematics teacher
organizations and conferences, etc.

* Develop knowledge of techniques of assessing students’
understanding.

The senior year methods courses played an important role in this study because
they were the settings in which Megan and the other preservice teachers were first
introduced to the practice of anticipating students’ mathematical responses (SMRs).
Anticipating SMRs was defined for the preservice teachers as thinking about the lesson
from the perspectives of the students. To do this they were asked to consider the various
strategies students might use to engage in the lesson activity, what problems or
misconceptions might arise, and what kinds of questions the students might ask. The
preservice teachers were directed to resources to help them anticipate SMRs, such as
curricula available in the methods course classroom that provided multiple solution
strategies, articles in teacher journals, and their mentor teachers in their field placements.
In addition, preservice teachers were encouraged to solve the mathematical tasks in a
variety of ways on their own and to consult with the instructors of the course and other
interns for ideas. The preservice teachers were expected to make use of the
recommendations to carry out this practice in three different assignments: (1) researching
misconceptions in the National Council of Teachers of Mathematics (NCTM) teaching
journals as part of the microteaching lab, (2) anticipating solution strategies, questions,
and possible misconceptions twice during each semester when they lead the discussion

around a mathematics homework problem, and (3) in writing lesson plans for their field
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experience. Preservice teachers were further exposed to the practice of anticipating SMRs
during a mathematics education colloquium at the university with Dr. Margaret Smith,
who advocated it as a practice helpful for facilitating mathematical discussions.

The first assignment requiring the preservice teachers to anticipate SMRs took
place in the microteaching lab. As part of the fall section o<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>