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The purpose of this study was to investigate the knowledge base and instructional

practices of two highly qualified experienced secondary mathematics teachers within

the context of their classrooms during a unit in a geometry class. Data collected from

interviews, classroom observations, pre and post-observation questionnaires, and

detailed analyses of several lesson segments were used to create case studies for each

teacher, which were compared to reveal any patterns in their instructional practices.

The theoretical framework used for this study was Schoenfeld's (1998) model of

teaching-in-context that included three factors that affected teachers' decisions during

instruction: beliefs, goals, and their knowledge bases. The supporting questions that

were investigated in this study dealt with teachers' conceptions of mathematics and

teaching and learning mathematics, instructional goals, instructional strategies and

curricular materials used during the unit, and any modifications made to instruction.



Both teachers in this study used a more traditional lecture and discussion style of

instruction that closely followed an explicit model of teaching instead of a more

reform-based style of teaching. The teachers incorporated the processes of

mathematics such as proof and reasoning and representation into their instruction

through modeling instead of incorporating activities into instruction designed to

engage students in the processes. Although both teachers were aware of and had used

reform-based methods, they perceived that the traditional instructional methods were

more efficient and effective. Contextual factors played a dominant role in the

decisions the teachers made about their instruction. The contextual factor that had the

greatest effect on instruction for these two teachers was the pressure to teach all of the

topics in the required curriculum to prepare their students for the state standardized

high stakes test. Other contextual factors were large class sizes, limited physical

space, and limited access to technology.

The results of this study indicated that although the teachers had strong content

knowledge and knowledge of both traditional and reform-based pedagogy, they chose

a more traditional instructional style and this decision was affected by contextual

factors such as high stakes testing, a required curriculum, and the demands of their

jobs.
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THE KNOWLEDGE BASE AND INSTRUCTIONAL PRACTICES OF TWO
HIGHLY QUALIFIED EXPERIENCED SECONDARY MATHEMATICS

TEACHERS

CHAPTER I: THE PROBLEM

Introduction

A focus of mathematics education research in recent years has been on factors

related to student achievement. This focus has largely been due to the poor

mathematics performance of students in the United States on standardized tests at the

national and international levels. The National Assessment of Educational Progress

(NAEP) mathematics test results have consistently shown that students in the United

States are successful at solving computation and one-step problems but have

difficulty with more complex problems as well as those designed to measure

conceptual understanding (Hiebert, 2003). Similar results are found in the Second

and Third International Mathematics and Science Studies (SIMMS and TIMMS) that

compared the mathematics performance of students from 41 different countries. The

TIMMS study included a video component that examined eighth grade teachers'

instructional practices in three of the countries tested: Germany, Japan and the United

States. Teaching practice in the United States follows a "traditional" format that

includes reviewing previous material at the beginning of the lesson, teacher-directed

instruction that involves demonstrating how to solve problems, students working on

practice problems individually, and ending the lesson with correcting seatwork and

assigning homework (Stigler & Hiebert, 1999). The lessons in Germany and Japan

have some similarities, but are different from the United States teachers' lessons in

that each include a topic or problem of the day and students are given the opportunity

to develop procedures either though directed class discussion or group exploration.

Evidence from the TIMMS video study (Stigler & Hiebert, 1999) supports the idea

that teaching practice has an effect on student achievement, since both Germany and

Japan were among the top performing countries. Another study that addresses the
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relationship between teacher effectiveness and student achievement at the

elementary school level, the Tennessee Value-Added Assessment System (Sanders

& Rivers, 1996), found that teachers are the most influential factor in student

achievement scores when other factors such as socioeconomic status, gender or class

size are included. Students assigned to effective teachers, characterized by their

students' consistent high scores on standardized achievement tests, have significantly

higher gains in scores than students assigned to ineffective teachers, and both groups

of students continue to exhibit the effects throughout the next several years of

schooling. With results such as these, teacher quality has become an important issue

in mathematics education.

An important variable in teacher quality is knowledge of subject matter, as Ball,

Lubienski and Mewborn (2001) stated in a recent review of literature on mathematics

teachers' content knowledge in the Handbook of Research on Teaching. Three

different approaches have been taken to address the topic of subject matter

knowledge: policy, a research approach that examines teachers' knowledge of

mathematics measured by the number of advanced mathematics courses taken, and a

second research approach that investigates mathematics teachers' knowledge of their

subject matter and how their content knowledge affects teaching practice. Each of

these approaches is summarized with particular attention to the inconsistencies in

policy and research.

Statement of the Problem

Policy documents written in recent years emphasize the importance of highly

qualified teachers in the core subject area classrooms. Two documents, Before It's

Too Late, (U. S. Department of Education, 2000) and the Strategic Plan for

Education: 2002-2007 (U. S. Department of Education, 2002), state that teachers

need to have a deep understanding of the subject matter they are teaching and include

general guidelines for states to follow when determining certification requirements.

The No Child Left Behind Act (NCLB) (U. S. Department of Education, 2001) defines
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highly qualified middle and secondary mathematics teachers as those who have

obtained full state certification or licensure, hold at least a bachelor's degree and

have a high level of competency in subject matter demonstrated by either passing a

subject matter test, completing a major in mathematics or completing coursework

equivalent to an undergraduate major in mathematics. The National Council of

Teachers of Mathematics (NCTM) states in their Principles and Standards (2000)

that "teachers must know and understand deeply the mathematics they are teaching

and be able to draw on that knowledge with flexibility in their teaching tasks." (p.

17). The phrase, "deep understanding of the subject matter" is included but not

defined in these documents, nor is it a phrase well defined in research (Ball, 2001).

The Conference Board of Mathematical Sciences (CBMS, 2001) recognizes the

need for a change in the education of prospective secondary mathematics teachers and

includes four components of university preparation in their document: to develop

prospective secondary mathematics teachers' deep understanding of fundamental

mathematical ideas in grades 9-12; to provide the knowledge of the understanding

and skills that students acquire in elementary and middle school experiences that

affect their high school experience; to provide knowledge of the mathematics their

future students are likely to encounter when they leave high school for postsecondary

education; and to develop mathematical maturity and attitudes that encourage

continued growth of knowledge in mathematics and its teaching. In order to

accomplish this, the CBMS recommends that prospective secondary mathematics

teachers complete advanced mathematics courses similar to those required for an

undergraduate degree in mathematics with the addition of a capstone series of courses

that provides:

...an opportunity for prospective teachers to look deeply at
fundamental ideas, to connect topics that often seem unrelated, and to
further develop the habits of mind that define mathematical
approaches to problems. By including the historical development of
major concepts and examination of conceptual difficulties, this
capstone sequence connects individual mathematics courses with
school mathematics and contributes to the mathematical understanding
and pedagogical skills of teachers.(pg. 46)
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The capstone sequence would be used to provide mathematical connections and

processes for prospective secondary mathematics teachers, helping teachers develop

their pedagogical skills.

One of the problems with the recommendations made in policy is that they are

based on the intuitive idea that the more subject matter preparation prospective

mathematics teachers receive, the better prepared they are to teach the subject to

students. There is not a defmition of what a deep understanding of mathematics

means or the relationship of a deep understanding of mathematics to pedagogical

practice. Another problem is the inclusion of more required courses in the teacher

preparation program without a discussion of how the programs should be modified so

prospective teachers can complete them in a reasonable time. The CBMS

recommends two ways that mathematics departments in a university can better serve

the needs of prospective mathematics teachers: redesign the core mathematics

courses to help future teachers make connections between advanced mathematics

topics and support the development and design of a capstone sequence of courses.

The CBMS recommends that the design of these courses be a collaborative effort

between mathematics and mathematics education faculty with high school teaching

experience, but are not clear how the inclusion of more courses affects an existing

teacher preparation program or how the redesign of core mathematics classes affects

the needs of mathematics majors. The addition of courses or the requirement of more

advanced courses in mathematics to promote a deep understanding of mathematics

that affects teachers' practices as well as student achievement is not an idea supported

fully by research.

Research in the area of subject matter preparation and student achievement can be

described in two general categories: characteristics of teachers associated with the

assumption that teachers' knowledge of and skill in mathematics is essential to

teaching, and research that focuses on teachers' knowledge around the notion of

pedagogical content knowledge, how ideas might be represented, how students learn

and what difficulties or misconceptions they have (Ball, Lubienski & Mewborn,
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2001). The first category of research contains quantitative designs that attempt to

correlate teacher characteristics such as subject matter preparation with student

achievement. Begle (1979) surveyed the literature on teacher characteristics related

to student achievement as part of the National Longitudinal Study of Mathematical

Abilities (NLSMA). Results indicate that there are no significant positive

relationships between student achievement and teacher variables that relate to subject

matter preparation such as highest academic degree, academic credits beyond a

bachelor's degree in mathematics, the number of mathematics credits taken beginning

with calculus, the number of credits in mathematics methods and mathematics credits

in support of a major or minor. The strongest positive association of the variables

listed is credits in mathematics methods, but this association was only significant

24% of the time. In contrast to these findings, Darling-Hammond (2000) analyzed

data from a 50-state policy survey conducted by the National Commission on

Teaching and America's Future and examined the ways in which teacher

qualifications as well as other school characteristics are related to student

achievement across states. Student achievement was measured using data from

NAEP assessments. Findings indicate that measures of teacher preparation and

certification, specifically a degree in the field taught and state licensure, have the

strongest correlation to student achievement in reading and mathematics, both before

and after controlling for student poverty level and language status. Monk (1994)

found that the number of mathematics courses taken affects teacher effectiveness up

to a certain point, but the number of courses in mathematics education was

significantly positively related to gains in student achievement.

The second body of research literature was more qualitative in nature and

examined teachers' knowledge of and knowledge about their subject matter. In a

study that compared elementary teachers from China and the United States, Ma

(1999) found that although the teachers in the United States have taken more courses

in mathematics and complete more years of postsecondary education, the teachers in

China have a "profound understanding of fundamental mathematics" they are
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teaching. This profound understanding affects classroom teachers' instruction and

has a positive effect on student achievement. Other studies conducted in the United

States at the elementary school level confirm that elementary teachers did not have a

deep understanding of the mathematics they are teaching (Ball, 1990), but

professional development programs that focus on improving teaching through

knowledge of content and student cognition in mathematics, such as Cognitively

Guided Instruction at the elementary grade levels (Fennema, Carpenter, Franke, Levi,

Jacobs & Empson, 1996) and the Teaching and Learning Rational Numbers and

Quantities Working Group at the middle grade levels (Sowder, Phillip, Armstrong &

Schappelle, 1998), have been successful in changing the participating teachers'

classroom practices and have a positive effect on student achievement. Research in

this area suggests that teachers' knowledge of their subject matter and knowledge of

how students learn the subject as well as their misconceptions can play a role in

changing teachers' instructional practice, which results in increased student

achievement on more complex problems. Many of the studies in the area of subject

matter knowledge have been conducted at the elementary level, but not at the

secondary level, in part because of the belief that the completion of more credits in

mathematics or an undergraduate degree in mathematics results in strong content

knowledge.

The problem lies in the contradiction between policy and research fmdings. Policy

advocates more subject matter preparation for secondary mathematics teachers in the

form of subject-specific coursework, but fmdings in research suggest that there is a

threshold effect on the number of courses taken. Monk (1994) found that the number

of mathematics courses secondary mathematics teachers completed starting with

calculus, have a positive effect on student achievement until the fifth course. The

number of advanced mathematics courses taken after the fifth have a small, but not

significant, effect on student performance. Monk (1994) also compared the number

of mathematics pedagogy courses secondary mathematics teachers have taken with

student performance and results suggest that courses in undergraduate mathematics
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pedagogy contribute more to pupil performance gains than courses in undergraduate

mathematics. The quantitative studies that dealt with teachers' characteristics

provide valuable information about the relationship between the number of

mathematics pedagogy courses taken and student performance, but there is no way of

knowing what specific behaviors the teachers are exhibiting in the classroom that

result in improved student performance. The results suggest that the quantity of

mathematics and mathematics pedagogy courses make a difference in student

performance, but the results do not reveal the quality of the teachers' practice.

Policy recommends that secondary mathematics teachers demonstrate subject

matter competence by either passing a subject matter test or completing the required

number of course credits. Quantitative research shows that subject matter is an

important component of teacher quality, but the completion of mathematics education

courses has a greater impact on teacher effectiveness when measured by their

students' achievement. It can be summarized that knowledge of subject matter has

been identified as necessary, but not sufficient for teacher preparation. The

component missing from the research is the teachers' use of their subject matter

knowledge specifically for teaching and their actions in the classroom that promote

student achievement. A second body of research addresses this question by entering

teachers' classrooms and observing teaching practice, either to compare classroom

practices in different countries (Ma, 1999; Stigler & Hiebert, 1999), or to observe

effects of professional development programs designed to improve teaching practice

and knowledge of the subject matter (Fennema, Carpenter, Franke, Levi, Jacobs &

Empson, 1996; Sowder, Phillip, Armstrong & Schappelle, 1998). An unanswered

question in research concerns specialized subject matter knowledge organized for

teaching secondary mathematics and the relationship between this knowledge and

classroom practices that positively affect student achievement.

NCTM (2000) addresses the importance of effective teaching and includes a

teaching principle in their Principles and Standards document that states: "Effective

mathematics teaching requires understanding what students know and need to learn
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and then challenging and supporting them to learn it well" (p. 16). Effective

teaching is described as teaching that results in students' understanding of

mathematics, ability to use mathematics to solve problems, and confidence in their

ability to do mathematics, which can positively affect their disposition towards

mathematics. Although NCTM recognizes that teaching mathematics is complex and

helping students learn and teachers teach effectively is not an easy task, there are

three recommendations for effective teaching that can be used to guide teachers in

their profession: effective teaching requires knowing and understanding

mathematics, students as learners, and pedagogical strategies; effective teaching

requires a challenging and supportive classroom learning environment; and effective

teaching requires continually seeking improvement.

The first recommendation focuses on teachers' knowledge of mathematics,

students as learners and effective pedagogical strategies. Being an effective teacher

requires knowledge of mathematics as well as deep, flexible knowledge of curriculum

goals, important ideas for the grade or course level taught, challenges students may

have in learning those ideas, how to represent ideas to teach effectively, and how to

assess students' understandings of the ideas. Pedagogical knowledge is described as

knowledge that helps teachers understand how students learn mathematics as well as

a range of teaching techniques, instructional materials, and classroom organization to

facilitate learning. NCTM states that teachers' pedagogical knowledge comes

primarily from experience and a "profound understanding" of the mathematics taught

(Ma, 1999) beyond what most teachers encounter in their preservice mathematics

courses in the United States. This recognition suggests that much can be learned

about how subject matter knowledge is organized specifically for teaching from

experienced teachers who have been effective in the classroom.

After reviewing policy and research in the area of recommendations about

teachers' knowledge, an appropriate topic for investigation is how teachers use their

knowledge of mathematics in the classroom. Research supports the notion that

knowledge of the subject of mathematics is necessary, but few studies have focused
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on what is gained by completing mathematics education courses or how secondary

mathematics teachers use subject matter knowledge in the classroom. There seems

to be an assumption in both policy and the literature that many of the pedagogical

strategies that mathematics teachers use are learned through experience or

professional development and not necessarily in their preservice programs. Research

also suggests that although beginning teachers may have a strong background in

mathematics, it does not necessarily mean they have a deep understanding of the

content they will be teaching or knowledge of how to present content in a way that

students will understand it. The overarching question that guides the research in this

dissertation is: What are the classroom practices of highly qualified experienced

secondary mathematics teachers and how does their content knowledge base support

instruction?

Significance of the Study

The No Child Left Behind Act (NCLB, 2001) calls for a highly qualified teacher

in every core subject area classroom by the year 2007. Highly qualified secondary

teachers are both licensed by the state and have demonstrated competence in the

subject area taught. Some of the challenges facing the education community as a

result of NCLB are to provide professional development programs for teachers who

are currently teaching, but are not considered highly qualified because of their lack of

subject matter preparation and, in some areas, find applicants for open positions that

are considered highly qualified. While professional development opportunities

focusing on subject matter knowledge will satisfy the requirements stated in the

NCLB, professional development that focuses on specialized knowledge for teaching

may help teachers become more effective in the classroom. The focus of this

dissertation study is on how highly qualified experienced secondary mathematics

teachers use their subject matter knowledge for teaching in the classroom.

Information from research in this area can be used to make informed decisions in the

areas of planning professional development for teachers, creating support programs
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for new teachers, improving teacher preparation programs, and improving

certification programs for teachers who are entering the field from other careers.
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CHAPTER II: ANALYSIS OF RELEVANT RESEARCH

The overarching research question concerning the classroom practices and

instructional practices of highly qualified experienced secondary mathematics

teachers can be investigated by first consulting the policy and research literature in

the areas of teachers' knowledge, subject matter knowledge, classroom practices and

instructional strategies. The National Council of Teachers of Mathematics (NCTM)

has written several documents in the last 15 years that recommend changes in

mathematics curriculum as well as changes in classroom practice, assessment, and

professional development to support the curricular changes (NCTM, 1989; 1991;

1996; 2000). The review of the literature starts with a discussion of what has

typically been observed in school mathematics classrooms along with NCTM's

current visions regarding school mathematics and teaching practices that support that

vision.

A summary of relevant research in the area of teachers' knowledge and classroom

practices will follow the discussion of NCTM's recommendations. A search of the

research literature on teachers' knowledge resulted in few current studies that

explored secondary mathematics teachers' knowledge of their subject or how that

knowledge was used or organized for teaching. Of the studies chosen, a small

number included observations of secondary teachers during instruction as the primary

data collection method. The participants in the background literature for this study

included both prospective and experienced middle and secondary mathematics

teachers. Relevant literature investigated subject matter knowledge, pedagogical

content knowledge, and the relationship between both types of knowledge and

classroom practices in the domains of number, algebra and geometry. Content topics

included operations with rational numbers such as division, the concepts of slope and

function in algebra, and general knowledge of geometry as well as the role of proof.

The overarching question that guides this study can best be investigated by

observing secondary mathematics teachers in their classrooms. The analysis of

relevant literature ends with a discussion of a theoretical or conceptual framework of
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teaching-in-context that draws from several different areas of the research literature

that affect what teachers do in the classroom during instruction, their beliefs, goals

and knowledge base. The components of the conceptual framework will be

described, along with a brief summary of the research base each component was

drawn from.

Traditional and Reform-Based Pedagogy

In a review of the literature on traditional and alternative pedagogy as well as what

students learn from traditional and alternative pedagogy, Hiebert (2003) found that

mathematics lessons in United States classrooms have remained virtually unchanged

in the last thirty years, regardless of recommended changes in curriculum and

instruction. An intensive effort to change mathematics education in the United States

was made in the 1960s and early 1970s called the "new math." Projects produced by

several groups included new curricular materials and textbooks to be used in the

school classrooms in grades 1 through 12 that made significant changes in what

mathematical concepts were taught. Findings from a series of studies funded by the

National Science Foundation in the 1970's to investigate mathematics classroom

practices indicated that although the curriculum had changed, the most common

mathematics classroom practices were teacher-directed explanation and questioning

followed by student seatwork on pencil-and-paper assignments (Fey, 1979). In 1989,

NCTM published a document that described another change in school mathematics

curriculum, termed reform-based mathematics, and several curricula were produced

by groups that received funding from the National Science Foundation during the

1990s that supported NCTM's vision. The reform-based curricula focused on

teaching mathematics for understanding, which included the acquisition of

mathematical concepts, skills and processes such as problem solving, proof and

reasoning, and communication. The curriculum standards contained the primary

topics in domains such as algebra, geometry, data analysis and probability, but

focused on teaching all students more significant mathematics in each of these areas

with a decreased emphasis on skills and increased emphasis on the "big ideas" in each
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of the domains. One of the recommendations was to use technology to facilitate

learning and help decrease time spent on computations.

The recommended changes in curriculum made by NCTM did not result in

widespread changes in classroom practice. Findings from the Third International

Mathematics and Science Study (TIMMS) indicated that classroom practice during

eighth-grade mathematics lessons had a pattern similar to the research findings 20

years ago. Stigler and Hiebert (1997) described a typical lesson as having two

phases, acquisition and application. During the acquisition phase, the teacher

demonstrated or led a discussion about a new concept using sample problems and

students practiced the procedures on similar problems during the application phase.

The lessons focused on acquisition of procedures and skills rather than the concepts

behind the procedures.

Hiebert (2003) examined the literature on what students had learned as a result of

completing traditional programs and concluded that students learn what they had the

opportunity to learn in these programs. Two conclusions were drawn from research

that examined the results from the National Assessment of Student Progress (NAEP)

in addition to several state assessments, students tended to perform well on problems

that required simple computation but were unable to solve problems that required

understanding of the concepts behind the computations, and students were more

proficient at problems that involved computing or defining and scored uniformly low

on problems that involved mathematical processes such as conjecturing or

communicating. Hiebert (2003) concluded the amount of evidence collected over the

last 20 years in the area of mathematics achievement indicated that students in the

typically traditional classrooms were performing well on what they were exposed to

during instruction, processes that involved calculation or memorization such as

simple procedures, definitions, and terms.

In addition to the 1989 curriculum standards, NCTM (1991) published a document

that contained professional standards for teachers that described effective classroom

practices and reform-based teaching strategies that supported their vision of changes

in school mathematics. The ambitious vision that NCTM (1989, 2000) had for school
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mathematics included knowledgeable teachers, adequate resources and technology,

a mathematically rich curriculum to help students learn with conceptual

understanding, and classroom activities that include opportunities for students to

actively engage in mathematics by exploring conjectures, using their mathematics

flexibly to solve problems alone or in a group, and communicating their results orally

and in writing. The teacher's role in the classroom becomes more of a facilitator to

offer guidance to students than the traditional role of transmitter of knowledge.

In order to support the vision of school mathematics, NCTM presented six

standards for teaching mathematics organized into four categories, tasks, discourse,

environment, and analysis. Tasks were defined as projects, assignments, applications,

problems, or exercises that students engage in. Tasks should be chosen that are

mathematically sound or significant, are based on the teacher's knowledge of

students' understandings, interests and experiences and that take into consideration

the range of ways students learn mathematics. Tasks should be used that engage

students, draw on students' background and experiences, develop their understanding

of mathematics in some way, include problem solving or mathematical reasoning,

promote communication about mathematics and promote the development of

dispositions to do mathematics in a diverse population of students. There are a wide

range of tasks available to teachers through the curriculum or textbooks that they use,

resources that accompany the text or a multitude of other outside resources, tasks

designed to incorporate technology, tasks gathered from professional development

activities and tasks that teachers may write or modify for their students. The tasks

that teachers choose should be based on three areas; mathematical content,

appropriateness for the students, and the way students learn mathematics.

The second category contained three standards, the teacher's role in classroom

discourse, the student's role in discourse, and tools for enhancing discourse. In

traditional classrooms, the teacher was the primary source of information and

typically spent time carefully explaining new content and students practiced problems

through pencil-and-paper assignments. NCTM recommended that the teacher's role

should be to encourage students to participate in mathematics by posing questions
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that challenge students' thinking, listen to students' ideas, ask students to clarify or

justify their ideas, and use students' ideas during discussions. The decisions that

teachers should make during discourse included when and how to introduce

mathematical symbols or notation to students' ideas, when to provide information or

clarify and idea or when to let students struggle with a difficulty. The student's role

in the classroom was to listen to the teacher and each other, use mathematical

processes such as reasoning and problem solving, make conjectures and present

solutions, explore examples and counterexamples, and rely on mathematical evidence

and argument to determine validity. The discourse standards encouraged a classroom

environment where students participated in their own learning through exploration,

conjecture, reasoning, and communicating their ideas while the teacher orchestrated

the discussions and guided the students through the process. Another responsibility

of the teacher was to provide tools for students in order to enhance discourse, which

included technology, concrete materials used as models, representations such as

graphs or diagrams, symbols, analogies, metaphors, written explanations or

arguments, or oral presentations.

The third category stated that teachers should create a learning environment that

fosters the development of each student's math power by providing structure and time

to explore mathematics ideas, use physical space and materials to facilitate learning,

provide a context that encourages development of mathematics skill, respect students'

ideas and consistently expect students to work independently or collaboratively to

make sense of mathematics, and encourage taking intellectual risks such as asking

questions and display competence using mathematical arguments. The learning

environment should support both the teacher and student's role in discourse. The last

category called for teachers to analyze their teaching as well as students' learning.

The ongoing analysis consisted of observing and gathering information about students

to assess their learning as well as examining the effects of tasks, discourse, and

environment on students' mathematical knowledge and dispositions. The challenge

for teachers of mathematics was to ensure all students were learning and developing

positive dispositions towards mathematics, use and explore students' ideas, adapt
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teaching strategies while teaching, make short and long-term plans to support

student learning, and communicate progress to students, their parents, and

administrators.

The seven teaching standards supported a style of classroom practice that looked

much different than the typical, traditional mathematics lessons. The standards

suggested that teachers' knowledge for teaching reform-based curriculum needed to

incorporate content-specific pedagogical skills in addition to a deep understanding of

the subject matter. Research in mathematics education has started to explore some of

the issues associated with implementing reform-based methods and curriculum into

the classroom as well as mathematics teachers' subject matter knowledge. Reform-

based curricula programs that were developed shared some common pedagogical

features; they built directly on students' knowledge and skills, classroom activity

revolved around solving problems that required skills and students' creativity,

classroom discussion centered on methods for solving problems, and students

provided explanations (Hiebert, 2003). These programs were successful at increasing

student achievement in the areas of problem solving without sacrificing their skill

development.

Research on what students learn from these alternative curricula suggested that

problems can be used to as a context for students to learn both skills and concepts and

practicing skills too much can make learning the concepts behind them more difficult

later (Hiebert, 2003). Teachers who implemented the alternative curricula in their

classrooms were trained in subject matter and pedagogical practices that supported

the vision of the curricula, which were both important components of successful

implementation. The majority of the programs and studies focused on elementary

and middle school programs that had been in place for several years. An important

component of successful teaching was teachers' subject matter knowledge and

pedagogical knowledge, which is included in the next section of this review of
relevant research that focuses on secondary mathematics teachers.
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Teachers' Knowledge

Research in the area of teachers' knowledge has progressed through three stages

in the past 20 years: research focused on teachers' decision-making practices during

planning and implementation of lessons; research that included factors that affected

teachers' decisions such as perceptions, reflections and routines; and research that

focused on the knowledge and beliefs that affected teaching practice (Calderhead,

1996). The area of research appropriate for this study were those studies focused on

knowledge that affected teaching practice and characterized teachers' knowledge as a

complex relationship between several domains including subject matter knowledge

and pedagogical content knowledge.

Early research in the area of effective teaching focused on general pedagogical

strategies that applied to all subject areas such as the quantity and pacing of

instruction, organization of students during instruction, questioning students and

reacting to their responses, and handling seatwork and homework assignments

(Brophy & Good, 1986). In the mid 1980s, the education research community

recognized that although general pedagogical strategies were important, there were

differences in how teachers taught in their respective content areas. At this time,

there was a renewed interest in subject matter knowledge and how teachers

approached presenting content to their students. Schulman (1986, 1987) proposed a

framework that contained seven categories to organize the types of knowledge

teachers needed in order to be able to teach students effectively: content knowledge,

general pedagogical knowledge, curriculum knowledge, pedagogical content

knowledge, knowledge of learners and their characteristics, knowledge of educational

contexts, and knowledge of educational ends, purposes and values. The domains of

knowledge particularly relevant to this study included content knowledge and

pedagogical content knowledge. Content knowledge referred to the teachers'

knowledge of the subject matter they were teaching, pedagogical knowledge referred

to teachers' general classroom strategies, but pedagogical content knowledge was

described as knowledge that: "..goes beyond knowledge of the subject matter per se

to the dimension of the subject matter knowledge for teaching" (p. 9). Pedagogical
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content knowledge was described by Schulman as knowledge of appropriate

instructional strategies, representations of mathematics ideas, the ability to interpret

students' understanding of the content and knowledge of students' misconceptions.

This notion influenced the direction of mathematics education research to investigate

what Shulman called the "missing paradigm" in previous research on teachers'

knowledge.

Another model of teachers' knowledge that built upon Shulman's domains of

teachers' knowledge described a typology of teachers' knowledge that included six

domains. Grossman's (1990; 1995) six domains were: knowledge of content,

knowledge of learners and learning, knowledge of general pedagogy, knowledge of

curriculum, knowledge of context and knowledge of self. Content knowledge was

described as a domain of knowledge that contained both subject matter knowledge

and pedagogical content knowledge. Pedagogical content knowledge had four

components in Grossman's model: beliefs and conceptions regarding purposes for

teaching subject matter; knowledge of students' understandings and

misunderstandings of topics within a subject; knowledge of curricula in a subject

area; and instructional knowledge related to specific content. Both Schulman and

Grossman described the domains of teachers' knowledge discretely, but they were

considered interwoven with a complex relationship between the domains.

Another area of research in the mid 1980s examined teaching from a different

perspective. Leinhardt and Greeno (1986) described teaching as a cognitive skill that

could be analyzed in ways similar to other cognitive skills. Teaching expertise was a

result of two areas of knowledge, subject matter and lesson structure. Subject matter

knowledge included concepts, algorithms, and connections between algorithmic

procedures, understanding student errors and curriculum. Subject matter knowledge

was described as a supporter of and source for lesson structure. Lesson structure

knowledge included skills needed to explain material correctly and plan a lesson that

ran smoothly and was connected. The framework was used to investigate the

differences between expert and novice elementary teachers' knowledge of subject

matter and classroom instruction. The novice-expert contrast studies helped
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distinguish the differences in the cognitive aspects of how teachers organized their

knowledge.

The frameworks discussed had different perspectives on the nature of teachers'

knowledge. Schulman and Grossman used their frameworks to study the

development of teachers' knowledge from the perspective of a transformation of

teachers' knowledge where subject matter knowledge was acquired and then

developed into pedagogical content knowledge. Leinhardt and Greeno (1986) studied

teachers' knowledge in terms of the richness of the teachers' schemas in a particular

content domains and related this to how teachers were presenting the content in their

classrooms. Both of the conceptual frameworks had contributed significantly to the

direction of research on teachers' knowledge and refocused research agendas on the

importance of subject matter knowledge and how subject matter knowledge affected

teachers' pedagogical content knowledge and classroom practices. Much of the

research presented in this review was based on the ideas that were contributed by

these authors.

Subject Matter Knowledge

The first topic investigated for this review of background literature was the nature

of secondary mathematics teachers' knowledge of mathematics. Subject matter

knowledge defined by both Schulman (1986) and Grossman (1990) contained both

substantive and syntactic structures as well as knowledge of the discipline.

Substantive structures described the ways in which the concepts of the discipline were

organized and incorporated facts. Syntactic structures incorporated the ways in which

validity or invalidity was established. For this study, two structures of secondary

mathematics teachers' knowledge were described as procedural and conceptual

understanding (Hiebert & Lefevre, 1986). Procedural understanding in mathematics

was defined as skill in performing algorithms using the language and symbols of

mathematics. Conceptual understanding was described as the internal construction of

connections or relations between mathematical ideas, actions, facts, procedures and
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various representations of them. Hiebert and Lefevre (1986) addressed importance

of both types of knowledge:

Mathematical knowledge, in its fullest sense, includes significant,
fundamental relationships between conceptual and procedural
knowledge. Students are not fully competent in mathematics if either
kind of knowledge is deficient or if they both have been acquired but
remain separate entities. (p.9)

When the literature was reviewed, the focus was on the nature of secondary

mathematics teachers' subject matter knowledge in the subject areas common to the

secondary mathematics curriculum, algebra and geometry.

The nature of secondary mathematics teachers' subject matter knowledge can be

addressed through research results that directly investigated subject matter knowledge

in some way, such as a questionnaire, card sort task, concept map activity or

interview. The results suggested that the majority of both prospective and

experienced secondary mathematics teachers had a more procedural than conceptual

understanding of the mathematics common to the secondary curriculum. In the

domain of function, fmdings suggested that teachers had incomplete conceptions of

the definition of function (Even, 1993; Howald, 1998; Wilson, 1994), tended to be

more proficient with algebraic and graphical representations than with tabular

representations (Sanchez & Llinares, 2003; Wilson, 1994), had a limited conception

of the role of function in mathematics (Wilson, 1994) and had difficulty with real-

world problems that could be modeled using functions ( Howald, 1998; Wilson,

1994). In a study that compared prospective and experienced teachers' conceptions

of slope, Stump (1999) found that both prospective and experienced teachers had a

conception of slope that was more procedural evidenced by the common use of

algebraic or geometric formulas to represent slope. Her results suggested that a low

percentage of secondary mathematics teachers used a functional representation of

slope, which was an important concept in mathematics classes beyond beginning

algebra. In the domain of geometry, both prospective (Scholz, 1996) and experienced

(Knuth, 2002) mathematics teachers had some difficulty with their conception of

proof. Prospective teachers were not confident in their ability to construct proofs or
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teach proofs. Experienced teachers had a variety of conceptions about the role of

proof in mathematics, but did not view proofs as having a role in understanding

mathematics, which would be a pedagogically useful role for secondary mathematics

teachers.

The results of the studies suggested that experienced teachers had a better

conception of the content than prospective teachers and that knowledge resembled

what was commonly contained in the secondary curriculum and that both groups of

teachers had many of the same misconceptions in the content areas that students had.

The evidence also suggested that there was a cycle of subject matter knowledge in

mathematics; future mathematics teachers experienced the more traditional and

procedural secondary school courses, take advanced university mathematics courses

that do not revisit secondary school mathematics topics, complete mathematics

methods courses that do not focus on subject matter knowledge; student teachers

teach in situations where their cooperating teachers modeled traditional, procedural

practices and finally teach subject matter in the traditional manner they were familiar

with in their own classrooms. The knowledge of the secondary topics that teachers

acquire seemed to come from the textbooks they used rather than the training they

received in their undergraduate mathematics courses or teacher preparation programs.

Pedagogical Content Knowledge

The second topic that guided this review of the literature was the relationship

between secondary mathematics teachers' subject matter knowledge and pedagogical

content knowledge. The relationship between secondary mathematics teachers'

subject matter knowledge and pedagogical content knowledge was explored through

research that included some investigation of the components of pedagogical content

knowledge described by Grossman (1990); beliefs and conceptions regarding

purposes for teaching subject matter; knowledge of students' understandings and

misunderstandings of topics within a subject; knowledge of curricula in a subject

area; and instructional knowledge related to specific content. A description of the

relationship between subject matter knowledge and pedagogical content knowledge
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was examined through the literature according to participant level of experience.

The participants in the studies were at three different stages: prospective secondary

mathematics teachers near the end of their advanced mathematics training who were

beginning courses in mathematics education, prospective teachers toward the end of

their teacher education program who had completed mathematics education courses

and some fieldwork experience, and experienced teachers.

Prospective teachers who had completed several courses in mathematics, but had

little or no experience in mathematics education courses tended to have conceptions

of mathematics and teaching mathematics that mirrored their traditional experiences

as students as well as their knowledge of the subject matter. The traditional

experiences could be characterized as teacher-directed, consisted of learning

procedures or algorithms and practicing problems until the concepts were mastered.

Results from the studies reviewed suggested that prospective teachers who had a

more procedural understanding of the subject matter tended to think of mathematics

as a rule-based, sequential system and their conception of teaching mathematics was

that the role of the teacher was to provide clear explanations and practice problems to

avoid any student confusion (Ebert, 1993; Sanchez & Llinares, 2003; Wilson, 1994).

Prospective teachers who had a more conceptual understanding of the subject matter

tended to view mathematics as a more connected system, were able to correctly

identify students' misconceptions and described the role of the teacher as more of a

facilitator than a director (Ebert, 1993). The majority of the prospective teachers in

the studies that were reviewed had the more procedural conception of mathematics

and in some cases a more conceptual understanding of the subject matter was

accompanied by a conception of teaching as more traditional (Sanchez & Llinares,

2003; Wilson, 1994), which supported the notion that their conception of teaching

was based on experiences as students.

Studies that collected data from prospective teacher participants toward the end of

their teacher preparation program who had completed several courses in mathematics

education as well as at least one fieldwork practicum suggested a conflicting

relationship between subject matter knowledge and conceptions of teaching. In the
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domain of geometry, prospective teachers were not confident in their ability to

teach geometry and had a weak conception of the subject, but their conception of

teaching was one in which students were actively involved in their learning and that

real world problems were an important component of the curriculum (Scholz, 1996).

In the domain of rational number (Borko, et. al., 1992), a student teacher had a

procedural understanding of division of fractions, but her view of teaching

mathematics was for conceptual understanding. The results of research suggested

that prospective teachers' conceptions of teaching mathematics were affected by their

participation in mathematics education courses, and not necessarily a result of their

improved subject matter knowledge.

The studies that included investigations of the relationship between pedagogical

content knowledge and subject matter knowledge used a model that suggested that

subject matter knowledge was transformed into knowledge for teaching. The results

of the studies that extended their focus to include classroom observations of lessons

suggested that the relationship between the two types of knowledge was more

complex than a linear relationship (Scholz, 1996). The majority of the studies

conducted with experienced secondary mathematics teachers did not separate subject

matter knowledge and pedagogical content knowledge, with the exception of one of

the studies in the domain of function (Howald, 1998). Many of the data collection

methods measured subject matter knowledge indirectly through questions that were

based on secondary mathematics teaching situations such as asking participants to

describe how they would teach a particular concept to students or reactions to

prepared student responses with common misconceptions. Howald (1998) used

several data collection methods to gather information about experienced teachers'

knowledge of function and conceptions of mathematics and found a direct

relationship between the two. Participants who tended to have a weaker conception

of function tended to view mathematics as a structured, rule-based system. One of

the teachers included in this case study had strong procedural and weak conceptual

knowledge of functions and his conception of mathematics indicated a static

discipline where one of the main activities was verification of truth.
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The third topic that guided the review investigated the relationship between

prospective and experienced secondary mathematics teachers' subject matter

knowledge, pedagogical content knowledge and teaching practice. Few studies

included investigations of prospective teachers' classroom practice, but results from

those that did suggested that the depth of knowledge prospective teachers had of a

particular topic affected the way they chose to address the topics in the classroom as

well as how they responded to students. The results of the case studies in the domain

of geometry (Scholtz, 1996) and rational number (Borko, et. al., 1992) suggested that

prospective teachers' conceptions of mathematics teaching were influenced by their

completion of mathematics education courses and practicum experiences during their

teacher preparation program, but classroom practices were affected by the nature of

their subject matter knowledge. In the case of rational number, the participant had a

procedural understanding of division of fractions and a conception of teaching for

understanding. An unsuccessful lesson on division of fractions occurred because the

participant was unable to answer a student's question about why the division of

fractions algorithm worked. The participant attempted to answer using an incorrect

example of multiplication, became flustered when she could not provide an

explanation and ended up telling the student and class to just remember the

procedure. In the domain of geometry, all four of the prospective teacher participants

viewed teaching geometry by actively involving students and incorporating

applications. Scholz (1996) found that three of the four students did not have a strong

conception of geometry and as a result, their teaching practice was more procedural

and few real-world applications were incorporated into the lessons. There were other

factors that contributed to the procedure-based instructional styles such as the time

allowed for curriculum content, preparation for procedure-oriented standardized tests

and the influence of the cooperating teachers' classroom practices, but subject matter

knowledge played a role in the prospective teachers' ability to teach content in a

manner that was consistent with their conceptions of teaching.

The majority of the studies that focused on experienced secondary mathematics

teachers included observations of lessons and investigated the relationship between
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subject matter knowledge, pedagogical content knowledge, and teaching practice.

The results of the studies suggested that content knowledge played a major role in

what topics teachers chose to teach as well as the instructional strategies they used to

present the content. Teachers who had a weaker conception of the subject matter they

were teaching tended to incorporate instructional strategies that were procedural such

as rote memorization or teacher-directed demonstrations of how to perform

algorithms and experienced teachers with strong subject matter backgrounds tended

to involve students more in the lesson (Howald, 1998). Content knowledge affected

the incorporation of real-world applications; teachers with a broad knowledge base of

where the mathematics was used outside of the mathematics classroom incorporated

these into lessons (Lloyd & Wilson, 1998) and teachers who did not have a broad

knowledge base did not relate the content to real situations (Howald, 1998; Scholz,

1996). An exception was a participant in Howald's (1998) study. Mr. Howard had a

broad conceptual knowledge base of functions and their applications but did not

incorporate them into instruction because he believed that his students had little use

for functions outside of his classroom.

Swafford, Jones and Thornton (1997) found that a professional development

program designed to improve middle grades teachers' knowledge of geometry and

students' conceptions of geometry not only improved their knowledge of the content,

but also had a positive effect on their instructional practice. The experienced teacher

participants who were observed the school year following the professional

development program spent more class time on geometry, felt more confident in their

ability to teach geometry and incorporated more reform-based instructional strategies

to promote students' understanding. Several of the studies reviewed purposefully

selected experienced secondary mathematics teachers with strong content knowledge

and the findings suggested that content knowledge affected the teachers' ability to

incorporate reform-based strategies or curricula into their classroom. Results

included the ability to respond positively to students' unanticipated questions or

responses (Fernandez, 1997), the ability to implement reform-based curriculum
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effectively (Lloyd & Wilson, 1998) and the ability to adapt or adjust instruction as

needed based on student responses (Sherin, 2002).

Content knowledge played an important role in secondary mathematics teachers'

instructional practice. The results of the research in this area suggested that

mathematics teachers who had a strong content knowledge base incorporated more

reform-based instructional strategies in their classroom, such as questioning

strategies, cooperative learning or problems to investigate, where students actively

participated in their own learning (Howald, 1998; Swafford, Jones & Thornton,

1997). During instructional discourse, teachers were able to identify students'

misconceptions (Swafford, Jones & Thornton, 1997) and responded by having

students explore their misconceptions or revised instruction to accommodate them

(Fernandez, 1997). Results from the studies suggested that strong content knowledge

helped traditional teachers adapt to reform-based strategies and content presentation

(Lloyd & Wilson, 1998), recognize unanticipated student responses as learning

opportunities (Fernandez, 1997), and made it possible for teachers to be flexible

during instruction as well as learn as a result of instruction (Sherin, 2002). Few

studies examined experienced teachers with a more procedural conception of the

subject matter, but the results from both sets of studies suggested that teachers with a

weaker conception of the subject matter had difficulty identifying students'

misconceptions (Ebert, 1993), thought that good teaching consisted of careful

explanations of how to do mathematics accompanied by practice so students would

not be confused (Ebert, 1993; Howald, 1998; Wilson, 1994), made mathematical

errors during instruction (Scholz, 1996), and did not or were not able to incorporate

real-world activities into the classroom (Howald, 1998; Scholz, 1996).

The conclusions that resulted from the literature were based on a synthesis of a

broad range of study designs, participant characteristics, subject areas and purposes

for the research. The question that still remained unanswered was how secondary

mathematics teachers use their subject matter knowledge for teaching. One point that

the mathematics education community agreed on was that the knowledge base for

teaching secondary mathematics is different from the knowledge base for



27

mathematicians, although in many cases, both groups start with a bachelor's degree

in mathematics. Mathematicians progressed through upper division mathematics

courses after their bachelor's degrees were awarded and mathematics teachers started

their careers in the classroom. The research indicated that secondary mathematics

teachers learn much of what they need to know about curriculum, how student learn

mathematics, and the misconceptions students have about the subject from their

experiences in the classroom. Beginning teachers were concerned with issues besides

content, such as establishing pedagogical routines, classroom management, adapting

to their role as a teacher, and learning the culture of the school. This result may

contribute to an explanation why prospective teachers relied heavily on the textbook

instead of a weakness in their content knowledge.

Theoretical Framework

The focus of this dissertation study is to examine experienced secondary

mathematics teachers in the context of their classrooms to gain a better understanding

of what they have learned about how to use their subject matter knowledge and

pedagogical content knowledge in practice. Contextual factors that affected teaching

practice were not considered in previous research, such as the current classroom

context, teachers' beliefs about what content was important for students to learn, or

availability of resources and materials. A theoretical model was needed for this study

that incorporated contextual elements as well as a lens for observing how teachers

used their subject matter knowledge in their classrooms. The teaching-in-context

theoretical framework provided a method to construct a model for each teacher in the

context in which a lesson was taught. A description of the framework is provided,

along with a brief description of how the framework has been used to create models

of teachers' lessons in different contexts.

In order to investigate secondary mathematics teachers' knowledge in the

context of classroom practice, it was necessary to use a theoretical framework that

incorporated factors that affected teachers' decisions during instruction and

interpreted what happened in the classroom. The Teacher Model Group at Berkeley



28

worked on a theory of teaching-in-context during the 1990's to describe the ways in

which teachers' goals, beliefs and knowledge interact, resulting in moment-to-

moment decisions and actions made during instruction. Schoenfeld (1998, 2000)

described a conceptual model of teaching-in-context based on the literature in the

areas of teachers' knowledge, knowledge organization, expertise, beliefs, planning

and decision-making.

The theory focused on the classroom through the lens of the teacher, and teachers

interpreted their own actions, their students' actions and student-teacher interactions.

Schoenfeld (1998) stressed that the theory was not a theory of teaching in general, but

a theory that attempted to explain how and why teachers made the decisions they did

in the act of teaching. The theoretical framework was appropriate for a wide range of

teaching styles and content areas and can be used as a tool to examine successful

teachers individually and find some commonalities that may be used to help other

teachers learn to be successful. The components of the model are discussed in this

review of the literature, accompanied by the findings of the research that focused

specifically on the topic of this study, subject matter knowledge and pedagogical

content knowledge.

The model represented the classroom context where instruction took place and

teaching was considered a process where the teacher monitored the students and

classroom and changed instruction based on their perception of what was happening.

The current context depended on the history of what happened in the classroom and

the three primary components of the model that affected decisions teachers made

during instruction were their beliefs, goals and knowledge bases. The topic of this

dissertation focuses on the teachers' knowledge bases, but their beliefs and goals

affected what they did in the classroom as well as the history of their relationship

with the students throughout the year. There were two assumptions underlying the

model:

1. The activation levels of beliefs, goals, and knowledge at any
moment will be assigned so that, if possible, the highest priority
beliefs, goals and knowledge are consistent and mutually
supportive.
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2. Actions taken by the teacher will be selected in a way to be
consistent with the teacher's current highly activated beliefs,
goals and knowledge. (p.2)

The two assumptions considered that the teachers' actions were consistent with their

goals or beliefs until some event in the classroom caused a change in the balance,

which resulted in a new action based on a higher priority belief or goal.

Components of the Model of Teaching In Context

The components of Schoenfeld's (1998) theory of teaching-in-context were a

teacher's lesson image, beliefs, goals, knowledge base and action plans. The first

component of the framework, lesson image, referred to the ways a teacher envisioned

a particular lesson. The model used Leinhardt's (1993) description of teacher's

agendas to characterize lesson images. Teachers' agendas included actions of both

the teachers and students, some prediction of student behavior, some sort of test or

check to see how to proceed with a lesson, the location of a lesson in a wider

spectrum of lessons, and included contextual pedagogical rules such as moving from

concrete to the abstract. Teachers began their lessons with a particular lesson image

in mind and the lesson image was formed based on a teacher's beliefs, goals and

knowledge base.

The second component, a teacher's beliefs, were described by Schoenfeld (1998)

as "mental constructs that represent the codifications of people's experiences and

understandings" (p. 12). Some of the beliefs that were appropriate for the framework

were teachers' perceptions of the nature of the subject matter, their role as teachers,

how students learn, and beliefs about particular students or groups of students. These

beliefs shaped teachers' perceptions of actions in the classroom, which affected

teachers' goals during instruction. The two points that Schoenfeld used from the

literature on beliefs (Borko & Putnam, 1996; Calderhead, 1996; Cohen, 1990;

Pajares, 1992; Thompson, 1992) were that beliefs had a strong effect on behavior and

there were differences between what people say they believe (professed beliefs) and

their actions (attributed beliefs). The framework provided a way to observe teachers
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in action and attribute beliefs based on their behavior in the classroom during

instruction.

Goals were the third component of the framework, and were described using five

characteristics: goals may be explicitly stated by the teacher and some unarticulated,

goals occur at many levels, goals may be predetermined by the teacher or emergent in

response to an unanticipated classroom event, there is no simple correspondence

between goals and actions, and goals and actions may emerge simultaneously. These

characteristics of goals were considered in the context of teaching. Teachers may

have had several goals in mind before teaching a lesson, but these may change

depending upon what happened at any moment in the classroom. The goals were also

different in nature, from overarching course goals to medium term goals that focused

on a unit, and short-term goals that were appropriate for segments of a particular

lesson within a unit.

Schoenfeld (1998) described the teachers' knowledge base as a large category that

included knowledge of students, context and content. Two ways of thinking about

teacher knowledge were what one knows or knowledge inventory, and how

knowledge was organized and accessed. The knowledge inventory was described

using Schulman's (1986) categories of general pedagogical knowledge, subject matter

knowledge and pedagogical content knowledge. General pedagogical knowledge

included knowledge about learners and teaching that was not specific to subject

matter, such as classroom management, instructional strategies, how students learn or

creating classroom environments. Subject matter knowledge referred to knowledge

specific to the discipline as well as how these ideas were organized within the

discipline and the connections between ideas. Pedagogical content knowledge was

defined using Grossman's (1990) four components; teacher's conceptions of the

purpose of teaching a subject, knowledge of students' understandings and

misunderstandings within the subject, curriculum and curricular materials, and

strategies or representations for teaching particular topics.

The second component, organization of knowledge for use in teaching, described

in general that people organize their experiences as mental representations called
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schemata. Experts in any field had a more complex schema than novices. With

regard to teaching, Berliner (1994) described experts as more flexible in their

teaching than novices and experts had the ability to recognize opportunities that arose

in the classroom. Experts were able to react quickly to situations in the classroom

based on schemas from past experiences, were more sensitive to the demands of the

social aspects and tasks of the classroom, and had the capability to recognize and

react to patterns in the classroom.

The last components were teachers' action plans, the means they used to

accomplish their goals. Schoenfeld (1998) described properties of action plans: they

occurred at different levels, were nested, worked toward achieving a variety of goals,

might have been part of a lesson image or created in response to actions in the

classroom, might have been created on the spot or from the teacher's memory, or

might have been scripted or open to what happened in the context of the lesson.

Action plans were what the teacher did during the lesson. The sequences of actions

could be planned and follow the teacher's original lesson image, or might be modified

or completely abandoned for new action plans created in response to students'

reactions to portions of the lesson. Some typical forms of action plans were

classroom routines, content-specific scripts based on the teachers' previous

experience, mini-lectures to explain specific content, or simple talk provided for

explanations or comments.

The purpose of the framework was to build a model of a teacher's lesson and the

method of analysis used was videotaping and transcribing an entire lesson or lesson

segment and parsing it into smaller subsets based on action plans. The action plans

were broken into smaller segments, and so on until some segments contained a few

lines of text. This fine- grained analysis of the video transcript was then analyzed

according to the question of interest. A model of a lesson contained information

about the teacher's beliefs, goals, and knowledge base for that particular lesson and

action plans were affected by specific contextual factors such as available materials,

students, and time of day or year. The models of teachers from the fine-grained

analysis were not used to anticipate how teachers would teach all of the time, but
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predicted with some precision how the teachers would react in similar contexts.

Schoenfeld (1998) included four different cases in his article to demonstrate the

robustness of the framework across disciplines with teachers of varying experience

levels and teaching styles as well as possible limitations of the framework. The first

three cases were successfully analyzed using the framework: a traditional lesson

taught by a secondary mathematics student teacher during fieldwork, an innovative

lesson taught by an experienced secondary physics teacher, and an introductory

lesson on problem solving at the college level taught by the author. The case that the

framework was not successful in creating a model was a third grade mathematics

lesson on properties of even and odd numbers taught by an experienced teacher and

researcher. The first three cases were either secondary or college level lessons where

the teachers had specific goals in mind with a limited time frame, usually a 60-minute

class period. The teachers had specific lesson images and action sequences that

supported their goals. The lesson that was unsuccessfully modeled was more open in

structure and the focus of the lesson was determined by students' comments and

observations. Schoenfeld and his team of researchers had been working on a

satisfactory model of the lesson, but were not yet satisfied that it represented the

teachers' actions accurately.

Several studies used the model and expanded the research questions; the first two

focused on the knowledge base and the third study focused on the relationship

between beliefs and goals. The first study examined the case of the experienced

secondary physics teacher, Mr. Minstrell, and focused on his teaching strategies

(Schoenfeld, Minstrell & van Zee, 2000). Mr. Minstrell taught a nontraditional lesson

on "best number" to his students at the beginning of the year. Analysis of the case

revealed important components of the teacher's questioning strategies as well as how

his beliefs and knowledge base supported his use of questioning strategies. A second

study examined a student teacher's traditional lesson on rational expressions.

Findings indicated that although the student teacher had a strong subject matter base,

his pedagogical content knowledge was not sufficient to anticipate student difficulties

or respond to an unanticipated event during instruction (Zimmerlin & Nelson, 2000).
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The third study examined the relationship between the beliefs and goals of two

secondary mathematics teachers. Findings suggested that specific beliefs influence

the selection and prioritization of goals, which influence the teachers' actions and that

these beliefs become apparent when there is a shift in goals (Aguirre & Speer, 2000).

Schoenfeld (1998) described the strengths and limitations of the theoretical

framework based on three criteria; explanatory power, predictive power, and scope.

One of the strengths of the framework was that it provided a focus on the level of

mechanism of teaching and produced descriptions that contained what happened in

the classroom and why. The predictive power of the model held reasonably well

when predictions were made about how teachers would react in similar situations as

the context they were observed, but was not able to predict how teachers may react

with different groups of students, in different courses or at different times during the

year. The limitations were in the area of scope of the framework. The author and his

team of researchers were able to build models for secondary and postsecondary

teachers but not a model they were satisfied with for the elementary mathematics

lesson. The difficulties were attributed to the structure of the lesson, which was

directed more by what the students were suggesting during the class. The other cases

that were successfully modeled were more focused on specific content goals.

Possibly the structure of the secondary and college courses and time constraints

affected the goal-driven nature of the teachers' instruction. Other constraints of the

model were that it focused on the teachers' perspective, limited attention to only what

took place in the classroom, and provided snapshots of events in the classroom.

Despite the limitations of the model, the strength was that it provided a conceptual

framework for classroom observations accompanied by a method to explain why

teachers do what they do.
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CHAPTER III: DESIGN AND METHODOLOGY

Research Questions

The research questions for this dissertation study were based on themes that

emerged from the review of relevant literature. Teachers learned most of their

pedagogical content knowledge or specialized subject matter knowledge from

experience. One of the differences between prospective and experienced secondary

mathematics teachers in the area of subject matter knowledge was that experienced

teachers had a broader, more conceptual knowledge base than novice teachers, but

their knowledge resembled the topics found in most secondary curricula.

Experienced teachers also had a broader knowledge of potential student

misconceptions and were able to anticipate areas where students may have

difficulties. Experienced teachers were able to incorporate more reform-based

strategies in their classrooms, which may be attributed to their conceptual

understanding of the content, but also may be because their established classroom

routines and work with students enabled them to spend more time on content

development than classroom management. These themes from the literature were

based on a broad spectrum of participants, contexts and experience levels of the

teachers. The focus of this study was to examine these dimensions of subject matter

knowledge and pedagogical content knowledge for two experienced teachers, and

then compare their completed cases to identify any similarities or differences in their

classroom practices.

The synthesis of the research resulted in several supporting questions that were

used to investigate the overarching topic of interest, the knowledge base and

instructional practices of highly qualified experienced secondary mathematics

teachers. Schoenfeld's (1998) framework of teaching-in-context incorporated three

major components, beliefs, goals and knowledge. The questions were formed by

examining the components of the knowledge base in Schoenfeld's (1998) theoretical

model of teaching in context as well as the major components of the model itself. The
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components of the knowledge base were subject matter knowledge and pedagogical

content knowledge. Subject matter knowledge referred to the procedural and

conceptual aspects of the content. Pedagogical content knowledge was described

using Grossman's (1990) four characteristics: beliefs and conceptions regarding

purposes for teaching subject matter; knowledge of students' understandings and

misunderstandings of topics within a subject; knowledge of curricula in a subject

area; and instructional knowledge related to specific content. The supporting research

questions were:

1. What are experienced secondary mathematics teachers' conceptions of
mathematics and teaching and learning mathematics?

2. What are experienced secondary mathematics teachers' instructional
goals and how are these related to their beliefs about or conceptions of
mathematics? [long term (course), medium term (unit), short term
(lesson)]

3. What types of instructional strategies are used by experienced
secondary mathematics teachers, and how are their choices affected by
the context of the classroom and content topics?

4. What types of curricular or other materials do experienced secondary
mathematics teachers have access to and how do they determine which
materials to use for instruction?

5. When and how do experienced secondary mathematics teachers
modify instruction to meet the needs of the students and teacher?

The first two questions focused on teachers' beliefs about or conceptions of

mathematics and teaching and learning mathematics and their goals concerning what

they would like students to learn about mathematics. The types of goals teachers had

ranged from content specific such as "students will take notes on the area of a regular

polygon" or more general such as "students will recognize representation as a central

feature of mathematics." Goals may also be affective such as "students will feel

comfortable answering questions in class." The purpose of questions three and four

were to gather information about what actions teachers take in the classroom to meet

their goals for students, what types of instructional strategies were used and when,

and what curricular materials they found to be successful. The decisions that teachers
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make about instruction are affected by their subject matter knowledge, pedagogical

content knowledge, and knowledge of mathematics curriculum. The last question

examined teachers' responses to unanticipated classroom questions or statements

about the content as well as how and when teachers recognized that a planned lesson

segment was not producing the desired results. The last three questions explored

teachers' actions in the classroom and revealed information about their knowledge

base for teaching and the first two questions helped to determine why teachers chose

particular activities in the classroom.

Perspective and Design

Patton (2002) recommended that when designing a research study, several issues

should be considered: the primary purpose of the study, the research perspective, and

the focus of the study. The primary purpose of this study was to describe and explain

how experienced secondary mathematics teachers used their content knowledge in the

classroom, which is basic research. Patton (2002) described basic researchers as

"interested in investigating a phenomenon to get at the nature of reality with regard to

that phenomenon" (p. 215). The relevant literature stated that most of what teachers

learn about subject-specific pedagogy comes from experience, but little is known

about what instructional strategies teachers have found to be successful for specific

content. The studies that focused on experienced teachers' instructional practices

were in the context of implementing reform-based curricula (Lloyd & Wilson, 1998;

Sherin, 1996, 2002) in the classroom or targeted teachers' responses to unanticipated

student questions (Fernandez, 1997). The purpose of this study was to identify any

patterns in instructional strategies that experienced secondary mathematics teachers

used in the context of their classrooms and identify the types of strategies they felt

were appropriate for content topics during a specific unit in either an introductory

algebra or geometry course.

The qualitative research perspective appropriate for this study was

phenomenology, described by Patton (2002) as a perspective that tries to find
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meaning through the experiences of a person or group of people. The participants in

this study were teachers who had different teaching and learning experiences

throughout their career, but who have had similar experiences in the areas of the

content topics and types students they have taught. Schoenfeld's (1998) teaching-in-

context theoretical framework focused on the teachers' perspective of their subject

matter, students, curriculum and approaches to teaching their subject. The models

that were developed for each participant's lesson represented the experiences of the

teacher in that context as closely as possible.

Two experienced teachers from the same school were observed teaching a three-

week unit on area and perimeter of polygons and circles. Each of the teachers'

lessons were observed and then compared to identify any patterns in their knowledge

bases and classroom practices. Schoenfeld's (1998) conceptual model of teaching-

in-context can be used to build models of teaching in many contexts, but was used in

this study as a framework to examine two teachers at the same school teaching the

same curriculum to classes of students with similar characteristics.

The focus of this study was to examine a few teachers in depth to investigate the

question of interest. Patton (2002) described the trade-offs in making a depth versus

breadth decision by comparing the differences between qualitative and quantitative

methods. The advantages of qualitative methods were that selected issues can be

examined in great depth with attention to detail and context and data collection

methods were not constrained by predetermined categories. The advantage of

quantitative design is that it is possible to measure the reactions of many participants

and data can be analyzed statistically to make comparisons, but the disadvantage was

that participants answered standardized questions with limited choices.

The topic of this study did not have a broad research base to draw from to create

quantitative instruments to measure experienced mathematics teachers' subject-

specific pedagogical knowledge. A qualitative approach was best for this study, since

little was known about how secondary teachers' subject matter knowledge was

organized for teaching. A cross case study design was appropriate for the focus of the
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proposed research, described by Merriam (1998) as a study that involves collecting

and analyzing data from several cases. Individual cases were developed to describe

the knowledge base and classroom practices of each experienced secondary

mathematics teacher participant. The two cases were then compared to identify any

similarities or differences in pedagogical practices.

Researcher Perspective

In qualitative studies, the researcher is the primary instrument of data collection

and analysis where the interpretations of the data come from their observations and

interviews. The issue of researcher biases based on experience and background must

be addressed, because all data collection and interpretation were done through the

researcher's perspective. At the time of this study, the researcher was teaching

mathematics at the community college level full-time. Prior to this position, the

researcher spent three years at a university as a doctoral student working with

preservice mathematics teachers as an instructor and university supervisor. Before

that, the researcher worked as a public high school mathematics teacher for 11 years.

The years of working with high school students and beginning teachers as well as

extensive professional development and research in the area of state and national

standards had shaped the researcher's beliefs about effective classroom practice as

well as what content was important for students to learn.

The researcher's biases needed to be recognized while collecting and analyzing

data in order to produce cases that represented the participants' perspectives about the

subject of mathematics as well as teaching and learning mathematics. The choice of

theoretical background, data collection instruments, and types of questions this study

addressed were influenced by the researcher's experiences and background. The

teaching-in-context framework (Schoenfeld, 1998) was chosen because the method of

analysis of the data reduced the opportunity for researcher bias. The method was

used to present as accurate a model of the lesson as possible and did not contain any

predetermined categories to describe instructional practice, such as reform-based or
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traditional methods. The interpretation of the data was subject to researcher bias and

in order to reduce this, the researcher kept a journal during data collection to record

thoughts, ideas and opinions of the observed lessons and instructional methods. The

design of the study contributed to the reduction in researcher biases by taking into

account issues in data collection and analysis such as internal validity, reliability, and

external validity. These conditions are discussed in more detail in the data analysis

section of this chapter.

School Context

The district and school chosen for this study were selected based on several

factors: students' performance on the mathematics portion of the state standardized

test, the experience level and quality of the mathematics faculty, the size of the

school, and the school schedule. The constraint that affected the possible schools that

could be considered was the geographic location of the school. The researcher was

employed full time at a local two-year community college at the time of the study, so

the school needed to be within a distance that would make it possible to travel to and

from the school on a daily basis during the period of data collection. Five school

districts met the qualification where they served several small towns or cities, with

one public high school located in each district. The school targeted for this study was

the largest with a student population of approximately 1900 students in a community

that had a population of about 35,000. The ethnicity of students at the target school

was predominantly White (approximately 90%) or Hispanic (approximately 10%),

with approximately 15% of the students classified as economically disadvantaged.

The mathematics department at the target school consisted of 12 full-time

mathematics teachers and one teacher who taught mathematics four of the five daily

periods, but spent the afternoon as the chair of a group that focused on improving

school mathematics and science programs through projects developed by members of

the group that included teachers from public schools, two year community colleges,

universities, and community leaders. The school offered 10 different mathematics



40

courses ranging from Foundations of Math, which was a remedial mathematics

course, to Advanced Placement Calculus. The school schedule consisted of six 55-

minute class periods per day, one of which was a preparation period for teachers.

Each Wednesday the class periods were approximately five minutes shorter to allow

time for student activities. The mathematics classes met each day for the duration of

the school year. The number of mathematics teachers, courses offered, and class

schedule made it possible to find two experienced teachers who taught the same

introductory algebra or geometry course at different times during the day.

The school was located in a state that required students to take a high stakes

standardized test starting in the year 2000 that would become a graduation

requirement by the year 2006. All students in the state take the mathematics portion

of the test during the spring semester of their sophomore year, and if they do not pass

the test, they continue taking it each semester of their high school career until they

earn a passing score on each of the three components, mathematics, reading, and

writing. The target school had been successful in helping a greater proportion of their

students pass the mathematics portion of the test the first time they took it, and had

earned an achievement profile of "highly performing" from the state department of

education for two academic years before this study took place. The achievement

profiles that the state had set, from highest to lowest, were: excelling, highly

performing, performing, under-performing, and failing to meet academic standards.

A profile of highly performing meant that the school met or exceeded state

performance and state progress goals and had the requisite percentage of students

"exceeding the standard" category on the state standardized test. Approximately 30

high schools in the state earned the same rating the year before this study took place,

and most of these were schools in urban areas.

The high achievement of students at this school on the mathematics portion of the

state standardized test was a factor in the selection of this school and also a factor in

choosing the content or class to be observed. The state test was administered during

the students' sophomore year and the majority of the questions were based on content
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that students normally encounter their freshman and sophomore year, which

corresponded to the topics found in the school's introductory algebra and geometry

courses. The two courses targeted for this study were either introductory algebra,

which was considered a freshman level course, or introductory geometry, which was

a sophomore level course.

The high performance of students on the mathematics portion of the state test may

have resulted from a variety of factors, but the review of relevant literature identified

one of these factors as the quality of the mathematics teachers. In a study that

compared teacher quality and student achievement, Darling-Hammond (2000), found

a positive correlation between student achievement and teacher quality. Highly

qualified teachers were described as those teachers who held a degree or completed

university hours equivalent to a degree in the subject area they taught and had met the

certification requirements of the state in which they taught. All of the teachers at the

school where this study was conducted held at least a bachelor's degree or equivalent

in mathematics or mathematics education, all were currently certified by the state to

teach secondary mathematics, and 10 of the 12 mathematics teachers had been

teaching for at least five years. Several of the teachers were active in professional

development activities and one of the mathematics teachers had earned the

Presidential Award for Excellence in teaching mathematics.

After the target school was chosen, the principal was contacted to discuss the

purpose and procedures of the study, and to obtain written permission to conduct the

study at the school. The principal was receptive to the idea and arranged a meeting

between the mathematics department chairperson and the researcher. During the

meeting with the department chairperson, the purpose and procedures of the study

were discussed as well as scheduling constraints, and several potential participants

were identified.
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Participants

The participant selection strategy was to select a purposeful sample (Patton, 2002)

of two highly qualified experienced teachers who had taught either a freshman level

algebra course or a sophomore level geometry course for at least five years. The

course level was chosen because the majority of the state standardized test questions

focused on algebra and geometry and all students were tested during their sophomore

year. The relevant research defined highly qualified teachers as those who had

completed at least a bachelor's degree or equivalent in mathematics or mathematics

education and experienced teachers as those who had at least five years of experience

teaching secondary mathematics (grades 9 through 12) in a public school. Highly

qualified teachers were selected for this study because of their strong content

knowledge base in mathematics. Previous research suggested that there was a

positive correlation between student achievement and teacher quality. The

experience level of the teachers was an important consideration for this study because

beginning teachers tend to be more concerned with classroom management and

general pedagogy. The focus of this study was to investigate the specialized

knowledge teachers developed over time and observe the instructional strategies they

had found to be successful in helping students understand mathematics. Ideally the

teachers selected had at least five years of experience teaching algebra or geometry at

the same level as course to be observed.

Participant selection began with recommendations from the department

chairperson based on the criteria listed above. The department chairperson then

provided potential participants with the researcher's contact information and those

teachers who were interested in participating contacted the researcher. Several

teachers were willing to participate, but the two participants in this study were chosen

because their class schedules allowed for observation of the same introductory

geometry course during two different class periods in the day. The first participant

had been teaching secondary mathematics for 9 years, completed a bachelor's degree

in mathematics education, taught Geometry at least 5 years, and continued
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professional development activities throughout her career, such as weekend

workshops or school in-service training that focused on mathematics learning and

teaching. The second participant had over 30 years of experience, at least 5 years

experience teaching Geometry, had completed a master's degree plus numerous hours

of coursework in mathematics education and was active in professional development

activities that included both attending and facilitating conferences or workshops

focused on mathematics teaching and learning. The second participant had also

received the Presidential Award for Excellence in teaching mathematics several years

before this study took place. Both of the participants in this study met the criteria of

strong subject matter and pedagogical content knowledge based on recommendations

by the department chairperson and evidenced by their years of success in the public

school mathematics classroom.

Two teachers were chosen instead of one to provide two different perspectives on

teaching and learning, and they were both selected from the same school because

there was consistency in the content taught, curriculum and textbook used, and

similarities in the student populations of each observed class. Designing the study

with more than two participants would have strengthened conclusions about

similarities in pedagogical practices, but there would have been less depth. A study

with one participant would have provided more depth, but offered only one

perspective on teaching and learning mathematics. The two participants selected for

this study were considered experts in their field and had been successful in the

secondary mathematics classroom, and each provided valuable information about the

pedagogical practices they had found to be successful in teaching students

mathematics.

Description of the Geometry Course and Unit

The mathematics program at the target high school was separated into two

"tracks", one set of courses for university-bound students and another for those

students who had not planned on attending a university after high school. Both of the
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"tracks" contained a traditional introductory algebra, geometry, and second year

algebra sequence of courses. The courses available for students not planning on

attending a university were Business and Technical Mathematics, Math Foundations,

Foundations of Algebra, and Foundations of Geometry. The course sequence

available for university-bound students was Algebra 1-2, Geometry 1-2, Algebra 3-4,

Precalculus, Probability and Statistics, and Advanced Placement Calculus. The

course targeted for this study was Geometry 1-2, and was selected because the teacher

who received the Presidential award taught the course, a second teacher that met the

criteria for participant selection taught the course and was willing to participate in the

study, and both teachers taught the course during times when the researcher was able

to observe the classes.

In the two observed classes, the majority of the students enrolled were

sophomores, with a few freshmen, a few juniors and a few seniors. The freshmen

enrolled in the classes were considered advanced because they had completed an

introductory algebra course before their freshman year, and the juniors and seniors in

the classes were either taking the course for a second time because they did not pass it

the first time, or they were students who were taking classes in the non-college bound

"track" who decided that they would like to attend a university and were satisfying

the mathematics requirements for admission.

The two introductory geometry courses offered at the school, Geometry 1-2 (for

college bound students) and Geometry Foundations (for those students not planning

on attending a university after high school), were similar in that they both included

geometry topics that were listed on the state's curriculum guide and standards list for

geometry, but each course used a different textbook series. The textbook series used

for the observed Geometry 1-2 classes was a newer edition of Geometry; Applying,

Reasoning, and Measuring (Larson, Boswell & Stiff, 2001) published by McDougal

Littell. The district adopted the mathematics curriculum and each teacher at the target

school that taught Geometry 1-2 followed the organization of content in the textbook

and completed all of the units in the text. The text contained 12 units with content
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similar to what has been traditionally taught in high school Geometry, such as

triangles, quadrilaterals, parallel lines, similarity, coordinate geometry, area, and

volume, along with the properties, theorems and proofs associated with each topic.

The observed unit took place near the end of the spring semester. The content

contained in the unit dealt with area of polygons and circles, and the topics were

separated into six sections; angle measures in polygons, areas of regular polygons,

perimeters and areas of similar figures, circumference and arc length, areas of circles

and sectors, and geometric probability. The unit focused on measurement and

extended ideas students learned from previous units or courses such as, area and

perimeter of triangles, quadrilaterals, and circles, right triangle trigonometry,

proportions, and basic properties of probability. Each lesson was observed for the

duration of the entire unit because the teaching-in-context model was based on the

importance of the context of the classroom and history between the teachers and their

students and how these factors affected the decisions teachers made during

instruction. Observing all of the lessons helped create a more accurate and in-depth

case study of each of the participants' instructional decisions, with the intent of

describing in more detail a representation of how the participants connected the

content in the new unit to previous knowledge, how the participants wove together

the lessons throughout the unit, how lessons were modified on a day-to-day basis, and

how students were assessed during and after the unit.

Procedures and Data Collection

The data collection process began by meeting with each teacher individually to

discuss the informed consent process, which included the purpose of the study,

methods of data collection, time involved, and the participant's rights as a volunteer

in a research study. After each teacher agreed to participate by signing the informed

consent document, the Geometry 1-2 unit and class periods were chosen, and a date

and time were set for an informal observation of the targeted class before the unit of

study began. The area and perimeter of polygons and circles unit was chosen because
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of the timing; it occurred during the second half of the spring semester, it was taught

after students had taken the required state standardized test, and the unit was the

second to last unit that would be included in the course.

The next portion of the data collection was an informal observation of each teacher

presenting new content to the targeted class during the previous unit of study,

properties of circles. The informal observation was completed for several reasons: to

give the teacher and students in the class an opportunity to get used to the researcher

being in the class, to give the researcher an opportunity to become acquainted with

the classroom context and the teachers' instructional style, to observe a typical day, to

get an idea of the sequence of content in the course, to become familiar with the

physical layout of the room, and to get a sense of the classroom climate and

relationship between the teacher and students. Field notes were taken during the

informal observation and focused on two aspects, classroom context and

environment. In addition to collecting preliminary data, the process provided an

opportunity to practice taking field notes during instruction, and to find an area within

the classroom for the researcher and video equipment that provided the least amount

of distraction to both the teacher and the students.

The primary sources of data for this study were an initial interview with each

participant within a week of the start of the observed area and perimeter unit, a pre

and post lesson questionnaire that the participants filled out before and after each

lesson taught during the unit, videotaped observations and field notes for each lesson

included in the unit, detailed models of targeted lesson segments that were created

using the method of fine-grained analysis, and a final interview with each participant

after the unit was concluded. Secondary sources of data included any handouts or

materials the teachers used during observed lessons, a copy of the unit from the

student textbook, and informal conversations with each teacher throughout the unit.
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Initial Interview

The initial interview was semi structured (Merriam, 1998), which means that the

interview protocol contained specific questions to be included during the interview,

but the order of the questions varied, and follow-up questions were created during the

interview as it progressed. The interview protocol (Appendix A) contained several

structured questions in each of the following areas: professional background,

conceptions of mathematics, contextual factors, and the participants' overarching

goals for the Geometry 1-2 course and the observed unit. The structured interview

questions were supplemented with follow-up questions depending upon the

participants' responses. The purpose of the semi-structured format was to include a

list of questions that gathered the same type of information from each participant with

the freedom to ask follow-up questions that were targeted towards eliciting specific

responses based on each teacher's unique experiences and ideas that contributed to

their knowledge bases. The initial interviews were conducted with each participant

separately in two different locations at different dates and times scheduled at each

teacher's convenience. The interviews took approximately one hour, and were held

in a location that was quiet with little or no interruptions or distractions. The

interviews were audio taped and transcribed for analysis.

The first segment of the initial interview was designed to make participants feel

comfortable by asking questions about their professional background such as

describing their teaching experiences, different levels of students and courses taught,

university coursework they had taken, and any professional development activities

they had participated in. The second set of questions was designed to elicit responses

about the teachers' conceptions about mathematics, learning mathematics, and

teaching mathematics. The questions were based on several categories included in a

Conceptions of Mathematics Inventory (CMI) that was originally developed to gather

information about students' conceptions of mathematics (Grouws, Howald &

Colangelo, 1996) and later revised by Howald (1998) for her dissertation study of the

relationship between teachers' conceptions of mathematics, subject matter knowledge
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and classroom practice in the domain of functions. The questions related to four

themes found in the literature on conceptions of teaching and learning mathematics:

the nature of mathematical knowledge, the nature of mathematical activity, learning

mathematics, and the usefulness of mathematics. The first theme, nature of

mathematics, had three dimensions, composition, structure, and status of

mathematical knowledge. The second theme contained two dimensions, doing

mathematics and validating ideas in mathematics. There were a total of seven

dimensions of mathematics and extreme positions of each dimension were used to

create open-ended questions in the interview protocol. For example, the first theme

was the nature of mathematical knowledge and one of the three dimensions contained

in this theme was composition of mathematical knowledge (see Appendix B for a list

of all themes, dimensions, and contrasting statements). The researcher showed the

participants a document with two extreme positions for this dimension, "mathematics

as concepts, principles and generalizations" or "mathematics as facts formulas and

algorithms", written at the far left and right hand margins of the page, and the

participants were asked to place an "x" where they felt was appropriate. Participants

were then asked to provide an explanation for why they placed an "x" in that position.

The purpose of this set of questions was to get a sense of the teachers' conceptions of

the nature of mathematics before observing the lessons in the unit. The relevant

research stated that professed and attributed beliefs were not always consistent, and

the teachers' conceptions of mathematics and their perception of what mathematics

was important for students to learn affected their instruction. For example, a teacher

may have stated the belief that learning mathematics consisted of constructing

understanding, but observation may reveal that the teacher taught mathematics

through procedures because of the feeling that students learned better by knowing

"how" before knowing "why."

The third set of initial interview questions were written to gain information about

contextual factors. Participants were asked to describe a typical day in the class to be

observed, to describe their class in terms of student demographics, and to list some of
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the instructional strategies that bad worked well with this particular class this year.

Participants were asked to compare the students and classroom climate in the

observed class with other classes taught this year or from previous years. Participants

were also asked to describe how they would modify their instruction if they were

teaching classes that contained similar content, but were considered remedial or

advanced. The relevant research described contextual factors such as available

materials, level of the course, and the combination of students in the class as

important factors that influenced the decisions that teachers made when planning for

instruction. The participants' previous experience teaching the same content as well

as the current context and history the teacher had with a group of students throughout

the school year were important considerations in the teaching-in-context framework

because the instructional decisions made by the teachers were determined by all of

these factors. The teaching-in-context framework also stated that the instructional

decision-making model created from observing a teacher in a particular context can

only be extended to predict what teachers may do in similar contexts, so it was

important to ask questions that focused on the teachers' perception of the contextual

factors affecting their instructional decisions.

The last set of questions asked participants what their long-term or overarching

goals were for students in the Geometry 1-2 course and medium-range goals for

students during the area and perimeter of polygons and circles unit. Teachers were

asked to describe some of the big ideas in mathematics they would like their students

to know as a result of completing the course and unit, as well as some of the content

goals specific to the Geometry 1-2 course and unit. The teachers were also asked

what content topics students had difficulty with in this unit and how they would

address these topics when planning for instruction. The fourth category of questions

were included to gain a sense of the teachers' perceptions of the important ideas that

students should gain from both their Geometry 1-2 course as well as the specific unit.

The questions were also designed to elicit responses that would reveal information

about the teachers' knowledge bases for teaching mathematics; their perceptions of
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the big themes or ideas in mathematics, the process of doing mathematics, themes or

ideas specific to the particular Geometry 1-2 class and the area and perimeter unit,

and knowledge of misconceptions or difficulties that students encountered when

learning geometry. The model of teaching-in-context stressed the importance of the

relationship between beliefs, goals, and the knowledge base as teachers were making

decisions during instruction. Each of the components was considered equally

important in the decision-making process, so questions that targeted each of these

components were included in the initial interview to give the teachers an opportunity

to voice their beliefs and conceptions about mathematics and learning mathematics,

their goals for students, how they may accomplish these goals through instruction in

their current classroom context, and how they would modify their instruction in

different contexts.

Classroom Observations and Lesson Questionnaires

The primary sources of data for this study were observations of the teacher's

lessons taught to the same class each day during a unit on area and perimeter of

polygons and circles contained in the Geometry 1-2 course. The unit lasted

approximately three weeks, and the types of lessons observed included the

introduction of new content, reviews of content previously taught, and assessment of

students' understanding of the content. The data collected for each observed lesson

included a pre-observation questionnaire filled out by the teachers before the lesson

was taught, a video-tape of the lesson, field notes taken during the lesson, and a post-

observation questionnaire filled out by the participants after the lesson was taught.

The teachers were asked to complete a pre-observation questionnaire (Appendix

C) for each lesson in the unit. The pre-observation questionnaire asked them about

their content goals, lesson images, and strategies used to assess students'

understanding during instruction. Neither of the teachers wrote detailed lesson plans

for their classes, so it was necessary to collect information about what their content

goals were along with an outline of how they planned to accomplish the goals.
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Content goals were the specific content objectives the teacher had regarding what

students will learn as a result of the lesson. Lesson image referred to the ways a

teacher envisioned a particular lesson, and included actions of both the teachers and

students, some prediction of student behavior, some sort of test or check to see how to

proceed with a lesson, the location of a lesson in a wider spectrum of lessons,

instructional strategies, and contextual pedagogical rules such as moving from

concrete to the abstract. Teachers began their lessons with a particular lesson image

in mind and the lesson image was formed based on a teacher's beliefs, goals,

knowledge base and previous experience.

The researcher, who arrived at the classroom site several minutes before class

started to set up the video equipment and to collect and read the pre-observation

questionnaire, videotaped all of the observed lessons in the unit. A digital camera

was used to videotape the lessons and the camera and a small tripod was placed on

top of a desk in the back each classroom. The researcher sat at the desk and was able

to view what was being taped, along with the time, on a small screen, which was

helpful because the times of events that happened in the classroom could be recorded

while taking field notes. The events could then be viewed at a later time for analysis.

The researcher and video equipment were set up behind the students and did not seem

to affect their actions during class. The teachers were more aware of the camera and

it took a few days to get used to the idea of being videotaped. One of the teachers

expressed concern that she would not act the same in her classroom if she knew there

was a video camera and initially did not want to be filmed, but agreed after being

informed that the researcher would be the only person viewing the tapes and that they

were necessary to capture classroom events accurately and were used to record what

the teacher was writing on the board or overhead.

Field notes were taken during each observed lesson that contained a detailed

record of contextual factors, such as what occurred the day before or any factors that

may affect instruction, such as a large number of students absent, a school activity, or

a change in the daily schedule. Field notes also contained a detailed record of the
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lesson accompanied by comments that focused on portions of the lesson that revealed

information concerning the research questions of interest. Events of interest were

highlighted and the time was documented so that the event could be viewed at a later

time for analysis. After each lesson was observed, a summary of events was written

along with preliminary statements about the events with regard to each of the research

questions.

After the lesson was taught, the teachers were asked to fill out a post-

observation questionnaire (Appendix D) that asked several questions about

instruction and events that happened in the classroom. The first question asked the

teachers to describe any changes they had to make during the lesson that were

different from their original lesson plan, and why. Other questions asked about what

instructional strategies worked well and what portions of the lesson the teacher's

would change if they had the opportunity to teach the same lesson again. The last

question asked about what events happened in the classroom that affected

instructional decisions that day as well as how they affected planning for subsequent

lessons. The post-observation questions provided teachers with an opportunity to

reflect on their teaching as well as shed some light on the day-to-day decision-making

and planning processes and how events in the classroom affected those decisions.

Models of Lessons

At the conclusion of the unit, two of the six content topics included in the

observed unit were chosen for further analysis. The same lesson topics were chosen

for both teachers to compare the classroom practices they used to teach the content,

and the segments of all lessons that included instruction of the topics were

transcribed. The first content topic chosen for further analysis dealt with the area of

regular polygons, which was the second content topic contained in the unit. This

topic was chosen for three reasons, it was near the beginning of the unit, the content

topic was one that most students had probably not seen in earlier mathematics classes,

and it was a topic that both teachers identified as one that students from previous
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classes had difficulty with. Observing a lesson near the beginning of the unit

revealed how the participants transitioned from one unit to the next, and how they

tied in new content with topics they had previously taught. The content was new

material for many students and a topic that teachers identified as being difficult, so

further analysis was needed to explore the types of instructional strategies the

participants used when teaching content they knew students had difficulty

understanding.

The second content topic targeted for further analysis dealt with the area of circles

and sectors, which was the fifth of six topics in the observed unit. The topic was

chosen because teachers had the opportunity to connect the content within the unit as

well as topics students had encountered in previous courses. This lesson contained

content that students were familiar with, area of circles, and an extension of the

content to area of sectors. The previous section in the unit introduced circumference

and arc length of circles, and the section following was geometric probability. The

targeted lesson used ideas from the previous lesson such as using proportions to fmd

arc length and area of a sector and the ideas from the lesson were extended in the

following section by incorporating areas of sectors and circles in finding geometric

probabilities.

Final Interview

The final interview took place several days after the unit had been completed,

giving teachers time to grade the unit assessment. The purpose of the interview was

to gather information about the teachers' perceptions of how their students performed

with regard to the overarching, unit, and content goals, to reflect on what tasks or

instructional strategies they felt worked particularly well, and to identify any areas

that could be improved upon next time they taught the content. Other questions asked

teachers what factors besides students and curricula affected their instructional

decisions during the unit and what their vision of an ideal teaching situation was.

These questions revealed information about some of the factors that were beyond the
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teachers' control that affected their decisions in the classroom, such as class size or

scheduling and to get an idea of what type of context they felt would be the ideal

instructional situation. The last question asked teachers what adjustments, if any, they

would make to the unit if they were able to teach in their ideal situation. Another

purpose of the final interview was to provide some closure for both the researcher and

the teachers at the end of the data collection process.

Data Analysis

The analysis of the data collected focused on the overarching research question:

What are the classroom practices of highly qualified experienced secondary

mathematics teachers and how does their content knowledge base support instruction?

Each of the teachers constituted a single case, with information collected about their

beliefs, goals, and knowledge base in the context of a unit that focused on perimeter

and area of polygons and circles in a Geometry 1-2 course. Data were collected from

a variety of sources including interviews, observations, videotapes, field notes,

questionnaires, and other documents.

The data were analyzed by focusing on the supporting research questions and the

individual cases were developed based on the patterns found across different data

sources. A description of how each data source was analyzed was accompanied by a

description of how the information from each data source contributed to the results

and conclusions with respect to the overarching research question and supporting

questions. Each of the five supporting questions was examined in terms of the how

the data collection procedures contributed to identifying features of each question.

Initial Interview

The initial interview was designed to provide information about the teachers'

professional backgrounds, conceptions of mathematics and teaching and learning

mathematics, contextual factors, and their content knowledge base. The transcription

of the initial interview was the first data source analyzed. The first portion of the
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interview contained questions about the teachers' professional backgrounds and

information gathered from these questions was used to provide a detailed description

of each teacher's professional experience.

The second set of interview questions concerning the teachers' conceptions of

mathematics and teaching mathematics was used to get a sense of their conceptions

about the subject of mathematics and teaching and learning mathematics. The four

themes and seven dimensions that were included in the questions served as the

categories for analysis (Appendix B). Each teacher made statements in later portions

of the interview that revealed information about their conceptions of mathematics,

and these statements were also coded using the seven dimensions, and all statements

were used to make conclusions about their conceptions of mathematics, teaching

mathematics, and learning mathematics. The analysis of this portion of the data was

deductive (Patton, 2002) because the analysis followed a predetermined set of

categories found in the background literature. This approach was appropriate for this

study because the focus was on the knowledge base, which was analyzed more

inductively. The teachers' conceptions of mathematics were important because they

affected the decisions made during instruction, but were not the focus of this study.

The questions included in the third section of the initial interview provided

information about the teaching context and some preliminary information about the

teachers' knowledge base. Contextual questions included topics such as, available

materials or technology, a general description of the students in the class, how the

class has progressed throughout the academic year, and how this class compared to

similar classes the teacher had this year or in previous years. The information from

these types of questions was used to provide a rich description of each teacher's

classroom context. Questions that targeted the knowledge base asked the teachers to

describe the instructional strategies they had used in the targeted class that had

worked well and those that had not been as successful and how they would modify

their instruction if the class were more remedial or more advanced, while the content

topics remained the same. The transcript was analyzed by coding the different types



56

of instructional strategies the teachers mentioned, establishing these as preliminary

categories.

The fourth component of the initial interview contained questions about the

teachers' goals for the course and unit. Statements in the transcript were categorized

according to the range of the goals: long, medium, or short-term goals. These goals

were then examined and preliminary categories were formed such as content goals or

study skills. The analyses of the third and fourth sections of the initial interview

transcript were inductive (Patton, 2002), and the categories were formed based on

what the data revealed. These preliminary categories served as a starting point for

analyzing data collected from the classroom observations.

Classroom Observations

Several sources of data accompanied each lesson observation: the pre-observation

questionnaire, the videotape of the lesson, field notes, and a post-observation

questionnaire. The analysis of each lesson began by reading the pre-observation

questionnaire to get an idea of the teachers' lesson goals or objectives, the types of

instructional activities the teacher intended to use to accomplish these, and how the

teacher would assess students' progress towards the goals. During the observation,

detailed field notes were taken that contained a description of the context of the

lesson, identified different action sequences or portions of the lesson, and any

classroom events or discussions that would contribute to the research questions of

interest, such as student questions or places in the lesson where the teacher changed

their original lesson plan. At the conclusion of each lesson, the researcher wrote

comments summarizing the day's events along with preliminary observations that

pertained to the research questions of interest.

Within a few days of the lesson observation, the researcher viewed the videotape

of the lesson and created codes for each of the components of the lesson. For

example, when the teacher stated an objective in the lesson, a code was created for

"stated objective" or when the teacher reviewed previous material, the code "previous
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material" was created. Codes were grouped into categories and each time a new

lesson was viewed and coded, it was compared to the previous lesson to find any

patterns in specific action sequences. One of the main components of many of the

lessons was the introduction of new content. The coded segments of each action

sequence that contained introduction of new content were compared and categories

were formed that described patterns in each teacher's instructional strategies. This

constant comparative method of data analysis (Glaser & Strauss, 1967) was used

throughout the study to identify patterns in the data and generate theories about each

teacher's knowledge base emerging from the data.

Models of Two Lessons

Two of the topics during the lesson were chosen for further analysis, and the

content topics were the same for both teachers in order to compare two different

perspectives and instructional strategies. The class time each teacher spent on the

topics spanned two or three days of instruction, but only portions of the class periods

contained lesson segments that focused on the topics of interest, and those were the

lesson segments transcribed and analyzed. For example, both teachers tended to use

the first portion of the class period to discuss the previous day's homework and the

second portion to introduce new content. If the topic of interest was presented as new

content during the period, only the lesson segments taught during the second portion

of the class period were analyzed.

The first lesson topic was the area of regular polygons and the second was area of

sectors and circles. One of the reasons the lesson topics were chosen was because

both lessons contained the same mathematical topics, area of geometric figures, and

both lessons included a formula for finding the area. Both teachers identified the

content topics, area of polygons and area of circles and sectors, as topics that students

typically had difficulty with in geometry, but neither teacher was sure why students

had difficulty. The possible reasons teachers gave for students' difficulty were that

students had so many formulas to choose from that they were not sure which one to
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use, it was the fust time many students had encountered area of a regular polygon, or

students had trouble using formulas that contained proportions.

The content topics contained two primary components during instruction, a

content development component where the new material was introduced to students

and a second component of going over homework questions that occurred after

students had a chance to work on the assignment. Typically, the introduction of new

content occurred during the last 30 or 40 minutes of a class period, the students

worked on assigned problems for homework, and the teachers answered students'

homework questions the next day.

The videotapes that contained lesson segments of the two content topics chosen

for further analysis were transcribed, and a fine-grained analysis of the transcription

was performed, parsing the lessons into "chunks" that represented each different

action plan, smaller chunks that represented events and instructional strategies, and

even smaller pieces to analyze teachers' reactions to unanticipated events. Action

plans were what the teachers did during the lesson in order to accomplish their goals.

The sequences of actions may have been planned and followed the teacher's original

lesson image, or may have been modified or abandoned for new action plans created

in response to students' reactions to portions of the lesson. Some typical forms of

action plans were classroom routines, content-specific scripts based on the teachers'

previous experience, mini-lectures to explain specific content, explorations, activities,

or discussions.

Accompanying the analyses were the goals that were activated at the time of the

classroom events. The goals that the teacher identified during both the initial

interview and on the pre-observation questionnaire were considered as well as goals

attributed to the teachers' actions during the lessons. These goals were activated

during different portions of the lesson and classroom events suggested when a

particular goal was highly activated. For example, if an overarching goal was

targeted at applying geometry to real life situations and a content goal was to find the

area of regular polygons, then both goals were activated during a portion of the lesson
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where students were solving an application problem that involved finding the area of

a regular polygon.

Models of each of the teachers' targeted lessons were created and these included

the main action sequences accompanied by the goals that were activated at the time of

the action sequences. A detailed model (Figure 1) for a lesson or segment of a lesson

contains, from left to right, the lines of text from a transcribed lesson, a first level of

analysis of the major action sequences, a further parsing of the major action

sequences into smaller action sequences, and so on until the action sequences may be

only a few lines of text. The right hand side of the figure provides a trace of the goals

activated during the lesson, which are represented by vertical lines.

The Lesson First Level Second Level

Lines of
Transcript

of the
Lesson

Action
Sequence #1

Action
Sequence #2

Action
Sequence #3

Goals "a" through "e" Listed

Sub-episode 1

Sub-episode 2

Sub-episode 1

Sub-episode 2

Sub-episode 1

Sub-episode 2

Sub-episode 3

Goals Activatedabc de

Figure 1. Detailed Model of a Lesson (Major Action Sequences and a Goal Trace)

The analyses of the nested action sequences were based on the teachers'

knowledge, goals and beliefs. Schoenfeld (2000) identified components of each
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action sequence and a sequence may be initiated by some triggering event such as an

unanticipated student action or response, or may be planned by the teacher as the next

step in the lesson as part of the original lesson image. An examination of the

teachers' professed beliefs and conceptions helped inform the reason for an action

sequence to be selected. Beliefs and conceptions help teachers shape their goals, as

well as which ones have high priority at certain times. Goals with high priority

needed to be identified for each action sequence. The type of action sequence was

also identified, such as a routine, lecture, or discussion.

The main focus of this research was to identify the types ofcontent knowledge

needed for the action sequences and what pedagogical or instructional strategies were

used to present the content. The action sequences were related to the original lesson

image and any events identified that terminated an action sequence. This fine grained

analysis of each lesson and the action sequences contained in the lesson that

introduced, connected or reinforced content revealed characteristics of the teachers'

subject matter knowledge and pedagogical content knowledge regarding the specific

content taught.

Final Interview

The purpose of the final interview was to give the teachers an opportunity to

reflect on the success of their instructional strategies. The questions focused on their

perceptions of what their students learned, what instructional strategies were

successful or not as successful, accompanied by reasons for the success or lack of

success. The final interview was conducted approximately one week after the

teachers completed the unit and the unit assessments. The interviews took

approximately one half hour, and were audio taped and transcribed for analysis. The

transcription was coded and any questions that dealt with instructional strategies were

incorporated through the constant comparative method. The other information

gathered added to the teachers' perceptions of how context affected their instruction
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as well as what they had learned about their instruction as a result of teaching the unit

to this particular class of students.

Contribution of Data to the Research Questions

The first supporting research question was: What are experienced secondary

mathematics teachers' conceptions of mathematics and teaching and learning

mathematics? The initial interview was designed to reveal the teachers' professed

beliefs and conceptions about mathematics related to four themes, the nature of

mathematical knowledge, nature of mathematical activity, learning mathematics, and

the usefulness of mathematics. Other sources of data used to investigate teachers'

beliefs and conceptions about mathematics were the field notes from all of the

classroom observations along with the fine-grained video analysis of two lessons.

The teachers' actions in the classroom allowed the researcher to attribute beliefs

about mathematics based on those actions, and any discrepancies between professed

and attributed beliefs were included as questions asked during informal conversations

during the unit to help clarify the differences.

The second research question was: What are experienced secondary mathematics

teachers' instructional goals and how are these related to their beliefs about

mathematics? The question was examined at different levels of goals: long term or

overarching course goals, medium term or unit goals, and short term or lesson goals.

Information about the teachers' overarching course goals was gathered during the

initial interview, and unit and lesson goals were identified on the pre-observation

questionnaires, the analyses of the lesson transcripts, and the post-observation

questionnaires. The stated and attributed goals were matched with action sequences

identified from the observed lessons as part of the model of the lesson. The models

of the teachers' lessons were shown to them after the conclusion of the unit to verify

which goals were active during the observed lessons.

The last three research questions were designed to provide more detailed

information about the focus of this study, the teachers' knowledge base used in
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teaching, which consisted of instructional strategies, curriculum, and adaptations

made to both of these during instruction. Question number three was: What types of

instructional strategies are used by experienced secondary mathematics teachers, and

how are their choices affected by both the context and content topics? The purpose of

question three was to reveal characteristics of the teachers' subject matter and

pedagogical content knowledge bases. The review of relevant research suggested that

experienced secondary mathematics teachers had a broader and more conceptual

knowledge of the mathematics they were teaching than beginning secondary

mathematics teachers, which allowed them to be more flexible during instruction.

Many of the studies included some measure of the participants' subject matter

knowledge through an interview or instrument that presented hypothetical classroom

situations and recorded teachers' responses to the situations. In this study, the

teachers' knowledge of the subject matter they were teaching was investigated by

analyzing classroom events and actions such as teachers' responses to student

questions, unplanned instructional episodes, and modifications to instruction.

According to NCTM (1991), mathematics teachers acquired most of the

specialized knowledge for teaching the subject matter, or pedagogical content

knowledge, through experience. The description of pedagogical content knowledge

in the literature included knowledge of instructional strategies and, in addition,

knowledge of which strategies were effective in helping students learn. The main

data sources for investigating the teachers' knowledge of instructional strategies in

this study were the initial interview and the classroom observations. Classroom

observations revealed the types of instructional strategies the teachers used for

specific content topics during the targeted unit. The initial interview included

questions that asked teachers what types of instructional strategies they had used in

the targeted geometry course throughout the school year, as well as strategies they

incorporated into more remedial or advanced geometry courses they had taught. The

data that revealed the most about participants' instructional strategies and when they

are used were the observed lesson action sequences that focused on content
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development. The instructional strategies used during the unit were categorized as

having more traditional or reform-based characteristics in order to help describe the

teachers' classroom practices. Characteristics of both traditional and reform-based

teaching practices were those identified in the review of relevant research.

The fourth question was: What types of curricular or other materials do

experienced secondary mathematics teachers have access to and how do they

determine which materials to use for instruction? This question provided information

about what tasks and materials the teachers perceived to be effective in helping

students learn the content goals of the observed unit and lessons. The curriculum and

tasks that teachers selected helped support the claims made about knowledge of

subject matter as well as classroom instructional techniques. Previous research

suggested that teachers with a more procedural subject matter base followed

traditional textbooks closely and had difficulty implementing reform-based materials

in their classrooms and teachers with a conceptual content knowledge base were more

successful at implementing reform-based materials and strategies. The school chosen

for this study had recently adopted a more traditional textbook series as their main

curricula source. The ways in which the teachers implemented the curricula revealed

information about their knowledge base. Data were analyzed by comparing how the

teachers used the textbook series and other curricula sources that were available, how

the teachers modified the existing curricula, and any outside sources or activities they

created.

The last question was: When and how do experienced secondary mathematics

teachers modify instruction to meet the needs of the students and teacher? The

question contributed to understanding how teachers used their knowledge bases in the

context of their classrooms. Previous research suggested that teachers with a strong

content knowledge base were more flexible and reacted to unanticipated student

responses with questioning, exploration, or used these responses as teachable

moments. Teachers with weaker content knowledge reacted to student questions or

confusion either by providing the same explanation, asking other students the
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question until someone got it correct, or by skipping the question or comment and

proceeding with the rest of the lesson. The data sources that were examined with

regard to this question were portions of the observed lessons, the two lesson models,

and the post-observation questionnaires. Observed lessons were analyzed to find

events that caused a teacher to create an action plan that was not part of the original

lesson image. The post-observation questionnaires revealed information about the

teacher's perception of classroom events that caused a change in their original plan.

Reliability and Validity of Procedures

Before data were collected or analyzed, several issues were considered concerning

this qualitative study, internal validity, reliability, and external validity. Internal

validity dealt with the question of how closely the research findings matched reality

or how to make sure that the findings represented what actually happened (Merriam,

1998). This study addressed the issue of internal validity through triangulation and

member checks. Merriam (1998) described triangulation as multiple sources of data,

investigators, or methods to confirm emerging findings. Multiple data sources were

used for each supporting question in the study to answer the overarching research

question. Data sources and the corresponding questions they intended to inform are

shown in Table 1.

Research

Question

Initial

Interview

Pre-

Observation

Questionnaire

Observation

and Video

Post-

Observation

Questionnaire

Final

Interview

Other

Materials

#1 X X X X

#2 X X X X

#3 X X X X X

#4 X X X X X

#5 X X X

Table 1. Data Sources Informing the Research Questions
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According to Merriam (1998), the issue of internal validity can be addressed

through member checks, or by providing the members of the study with data and

tentative interpretations and asking them if the results were correct. Drafts of the

teachers' case studies, which included the models of their lessons, were sent to them

and they were asked to make any comments or corrections regarding the information

written in their cases. The teachers did not make any corrections to their cases or

models of the lessons.

Reliability is a more complicated issue in qualitative research because of the

concern for the extent to which the findings of the research can be replicated. The

study was designed to observe two secondary mathematics teachers in the context of

their classrooms, a situation that cannot be replicated. Reliability was strengthened

with multiple data sources and through selection of the teachers. Two teachers in this

study were chosen because of their experience level, education, and success in the

classroom. In order to establish some reliability in the results, the teachers were

observed teaching the same lesson topics during a unit in geometry, using the same

textbook, to similar groups of students. If the comparisons of cases showed some

similarities in instructional strategies, then the conclusions based on the data were

viewed as fairly reliable.

Choosing several cases increased external validity, the extent to which the findings

of one study can be applied to other situations, and in this study two different teacher

participants were selected. Schoenfeld (1998) stated that the model of teaching-in-

context was reliable for predicting what an individual teacher may do in a similar

situation teaching the same content, but does not produce a model of their teaching in

general. Instead of observing only one or two lessons, the teachers in this study were

observed for the duration of an entire unit in order to capture similarities in their

instructional styles for that particular unit. The findings do not apply to other units in

the Geometry 1-2 course and may not predict how the teachers would teach the

content to different levels of students. The purpose of this study was to find

similarities in each teacher's instructional decisions, taking into consideration the
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contextual factors that affected those decisions. The two cases were then compared to

find any similarities between teachers, and the similarities in instructional strategies

that have been successful for these teachers may be successful when used by other

teachers. A second method for increasing the reliability of the study was to provide a

rich description of the context so that other researchers or readers can determine if

their situation is similar to the one that has been investigated and whether findings

can be transferred.
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CHAPTER IV: RESULTS AND DISCUSSION

The purpose of this study was to investigate the classroom practices and

knowledge base of highly qualified experienced secondary mathematics teachers

within the context of their classrooms. The conceptual model used for this study was

the Teaching-In-Context model (Schoenfeld, 1998, 2000), which included three

components that affect teachers' decisions during instruction: beliefs, goals, and their

knowledge base. Other factors that affect instructional decisions are the teaching

context and history between the students and the teacher. The two teachers chosen

for this study, Ms. Sanders and Ms. Harrison (pseudonyms used in place of the

teachers' real names), taught at the same school and were observed during a 3-week

unit in a geometry course.

Five research questions were investigated in order to fmd evidence to support the

results described in this chapter about each teacher's classroom practice and

knowledge base. The first two research questions focused on the teachers'

conceptions of mathematics and goals, revealing information about why the teachers

made their decisions about instruction during the observed unit. The next two

research questions focused on the teachers' knowledge base, which included

knowledge of instructional strategies and curriculum, and revealed information about

the teachers' subject matter and pedagogical content knowledge. The last question

investigated any modifications that teachers made during instruction and reasons for

the modifications. The method used to investigate the research questions was to

create detailed case studies of each teacher and then compare case studies to find any

similarities.

A variety of data collection methods were used: an initial interview, videotapes of

each lesson during the unit, classroom observations of each lesson accompanied by

field notes, pre and post-observation questionnaires, detailed analyses of lesson

segments focusing on two content topics, and a fmal interview. The lesson topics

chosen for further analysis were area of polygons and area of circles and sectors. The
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portions of the lessons taught by the teachers that included instruction in these two

areas were transcribed, and detailed models of each lesson segment were created

using the method of fine-grained analysis (Appendices E, F, G, and H).

The presentation of the results begins with a description of the contextual factors

that affected both teachers, such as the time of year and the content topics included in

the unit. The cases for Ms. Sanders and Ms. Harrison are then discussed, beginning

with a more detailed description of each participant's professional background, and

continuing with a description of the teachers' individual classroom contexts, which

include physical environment, student characteristics, and classroom climate. Less

detailed models of the lesson segments that were targeted for further analysis were

created for each teacher and are presented along with a discussion that includes a

description of the context of the lesson and of the primary action sequences in the

order they occurred. After a description of the targeted lessons, the results of each

research question for each teacher are presented, along with a discussion about the

similarities and differences between the teachers with regard to the questions.

Contextual Factors

The contextual factors that affected both teachers' instructional decisions were the

time of the year the data collection took place, the curriculum, topics in the unit of

study, and the available technology. Data collection began in April after Spring

Break, a two-week period of no school for students or teachers in the middle of the

spring semester, and ended during the middle of May. The observed unit started

immediately after the students had taken the state standardized test. Ms. Sanders and

Ms. Harrison mentioned several times throughout the study that there was some

pressure for their students to do well on the state exam since they had performed well

the past two years. One of the mathematics department's goals was for sophomore

students to perform as well or better than sophomore students in previous years,

which affected the content topics included in the geometry courses as well as

decisions teachers' made about instruction. Both teachers mentioned that there were
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more absences during this time of year and several school activities were in progress

during the unit that caused students to miss class, such as a two-day field trip for

students involved in the band, athletic events such as softball, baseball, and track, and

make-up exams scheduled for students absent during the state standardized test.

The mathematics curriculum at the target school had to include all of the state's

geometry content standards. In order to meet this goal, the district had adopted a

textbook series, a newer edition of Geometry; Applying, Reasoning, and Measuring

(Larson, Boswell & Stiff, 2001) published by McDougal Littel, which contained the

content topics required by the state. All of the teachers at the target school who

taught Geometry 1-2 followed the district curriculum, which consisted of completing

all 12 units contained in the textbook. The observed unit was the eleventh unit in the

text. The teachers followed the same sequence of topics and also tried to keep their

schedules aligned within a few days. The constraint that both of the teachers

perceived was that there were too many topics in the curriculum, and not enough

class time to spend on activities such as group explorations.

Both of the teachers had access to the same textbook resources supplied by the

publisher, a student's textbook, teacher's edition, and ancillary materials such as

practice worksheets for students, example problems for the teachers, and quizzes and

unit tests for each of the chapters. The title of the observed unit was area of polygons

and circles, and the unit was organized with six different sections: angle measures in

polygons, areas of regular polygons, perimeter and area of similar figures,

circumference and arc length, area of circles and sectors, and geometric probability.

The two content topics that were chosen for further analysis were the second section,

area of regular polygons, and the fifth section, area of circles and sectors.

Each section in the textbook consisted of a few pages of text that developed the

concept and several pages of practice problems. The concept pages contained the

goals, development of the content topics with the theorems outlined, examples that

applied the theorems or formulas directly, and more complicated examples that

applied the theorems either in multi-step problems or real world contexts. There were
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problems for students included at the end of each section organized by type, such as

practice using the definitions and skills, applications of the concept that include

multi-step problems, applications in real world contexts, test preparation questions,

and mixed review questions. Other types of problems appeared periodically, such as

logical reasoning, using algebra, or writing. Each section in the unit contained

activities to investigate concepts, practice quizzes, a chapter summary, chapter

review, two chapter tests and a project. Both teachers commented that there were

numerous resources available with the textbook, reducing the possibility for complete

use. Instruction focused around the organization of the students' textbook, and most

of the assignments came from the student text.

Neither of the teachers in the study incorporated technology into instruction during

the unit, with the exception of a scientific calculator to approximate solutions. The

school had one computer lab available for all teachers to use. In order to use the lab,

teachers had to sign up in advance, while other departments used the lab on a regular

basis. There were geometry software programs loaded onto the computers in the lab,

but the teachers were not comfortable enough with the software or familiar enough

with activities that incorporated the technology into their instruction. Both teachers

stated during the initial interview that they had little training with the technology and

not enough time during the school year to learn it on their own.

Professional Background and Classroom Context

Case 1: Ms. Sanders

Ms. Sanders had been teaching secondary mathematics for nine years prior to this

study, and entered the field of teaching as a second career while in her late thirties.

She completed her bachelor's degree in mathematics education and taught in another

state for six years before moving to her current location. She lived in this state for

three years, worked at a high school in a neighboring town for one year, and was in

the second year of her teaching position at the target school. Her teaching schedule

included at least one geometry class in seven out of nine years in her teaching career,
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from honors level at a middle school to regular and remedial courses at the high

school level. At the time of this study, Ms. Sanders was teaching Geometry 1-2 at the

target school for the second year. Some of the other courses she had taught included

basic mathematics, pre-algebra, algebra and second year algebra, but had not taught

any courses beyond those such as pre-calculus. At the time of this study, Ms. Sanders

was teaching two Foundations Geometry courses, two Geometry 1-2 courses, and one

Algebra 3-4 course.

Ms. Sanders had been involved in professional development activities throughout

her teaching career. The professional activities that focused on mathematics or

mathematics education included attending school or district sponsored in-service

workshops, weekend conferences sponsored by the state organizations affiliated with

the National Council of Teachers of Mathematics (NCTM), and several workshops

that focused on technology such as using the graphing calculator or geometry

software in the classroom. Ms. Sanders was not planning on completing courses

towards a master's degree in mathematics or mathematics education, but she took a

calculus course at the local community college to review some of the mathematics

she had learned during her bachelor's degree. At the time of this study, Ms. Sanders

represented her high school as a member of a grant- funded group of professionals that

provided support and development to mathematics and science teachers in the

northern half of the state.

Ms. Sanders taught all of her classes in the same classroom, but a different teacher

used the classroom during her prep hour. The classroom had a white board and a

black board at the front of the room, with an overhead screen that pulled down in

front of portions of both of them. Ms. Sanders used the overhead most of the time,

which sat on a podium in front of the room and had a rolling overhead transparency.

There was a bulletin board in the right front corner of the room where students'

grades were posted periodically, and underneath the bulletin board was a table with a

place for students to turn in their work. There was a cart in the front of the room with

calculators, copies of worksheets, extra paper, and other materials she may need
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during class. The teacher's desk and work area was located in the back left corner of

the classroom, and in the middle of the room 36 student desks were arranged in rows

with enough space between them to walk through the rows comfortably. The room

was organized, clean, and seemed to have enough space to accommodate a large

class, although the physical space was smaller than many of the other classrooms in

the school.

The class that was targeted for observation was fifth period Geometry 1-2, which

was held immediately after the lunch hour and before the second Geometry 1-2 class

Ms. Sanders taught. There were 34 students enrolled in the Geometry 1-2 course, and

the majority of students were sophomores, with a few freshmen and a few

upperclassmen. There were approximately equal numbers of male and female

students, and the majority of the students in the class were White. Ms. Sanders stated

that the majority of the students in the class were motivated to be successful because

they intended to further their education after high school. The students in the class

had a range of mathematical abilities, but there were no students on individual

education plans or who were receiving academic assistance. In comparison to other

geometry classes she had taught, Ms. Sanders described the targeted class as being a

little more advanced than other regular geometry courses she had taught over the

years. She stated that not as many advanced level students were in the class as there

were in the honors geometry courses she had taught, and that the more advanced

students in her class were the ninth graders because they tended to ask more in-depth

questions than the other students and typically held the top grades in the class.

The classroom environment was comfortable, but also businesslike. Ms. Sanders

had developed a good rapport with her students throughout the year and often asked

them how their weekend was, how they were doing, and asked about some of their

outside activities and interests. Students were comfortable in the classroom and

seemed to appreciate their teacher's sense of humor and interest in their activities.

Discussions with students took place as they were coming into class, during seatwork,

or when a few minutes remained at the end of class before the bell.
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The main focus during class time was teaching and learning geometry. Afterthe

bell, Ms. Sanders took attendance and started the day's activities as soon as possible,

and instruction usually continued until the end of the class period. Students

participated by taking notes, answering and asking questions, or discussing

homework problems. The overall atmosphere during class was a place where the

teacher directed the actions in the classroom, but the students were attentive during

class and participated in discussions during instruction, whether it was developing

new content or going over homework problems.

The class ran smoothly with the pedagogical routines in place since the beginning

of the year. Ms. Sanders prepared and handed out a calendar at the beginning of the

observed unit that contained an outline of what students would be doing each day for

the duration of the unit, including homework assignments. This outline helped

students keep organized and let them know what would be happening each day if they

were absent. Ms. Sanders knew about how long each topic would take and had taken

into consideration the other school activities going on that affected her students when

planning the unit.

Students in Ms. Sanders's class knew what was expected of them and the

expectations were consistent. Ms. Sanders kept track of individual students and

reminded them about what they missed, what to turn in, to get absences excused, or

other business. Many conversations and reminders to individuals happened during

class as well as whole class instruction and discussions that pertained to the daily

lessons. Ms. Sanders also had calculators, paper, and pencils available for students in

case they forgot their materials. There was no reason for students to not participate

during class and the majority of class time each day was spent on geometry.

Case II: Ms. Harrison

Ms. Harrison has been teaching mathematics for 33 years in the same school

district at the time of this study. The first 16 years were spent at the middle school

level (7th through 9th grade), and the last 17 years at the high school level (9th through
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12th grade). During her career, Ms. Harrison taught mathematics courses ranging

from remedial mathematics to advanced level mathematics, and the only course she

had not taught at the secondary level was Advanced Placement Calculus. Her

experience included teaching at least one class period of geometry at the high school

level for 17 of her 33 years of teaching. At the time of this study, Ms. Harrison was

teaching Business Tech Math, Geometry 1-2, and Precalculus. She taught the first

four periods of the day at the high school, and spent the afternoons working as the

director of a grant-funded mathematics and science consortium that provided

professional development activities for all levels of science and mathematics teachers

in the northern half of the state.

Ms. Harrison participated in numerous professional development activities

throughout her career. She completed a Master of the Arts in Teaching Mathematics

plus an additional 130 hours of coursework and professional development activities

focused on teaching mathematics. She had also completed the coursework required

for state certification in school administration in the areas of supervisor and

secondary school principal. Ms. Harrison was involved in professional development

activities as both a presenter and a participant. Some of the activities she participated

in over the past five years included attending several NCTM national meetings,

attending or presenting at all of the NCTM-sponsored state professional conferences,

organizing and advertising numerous professional activities for teachers around the

state, and participating in several math leadership seminars that focused on research

in the areas of teacher preparation and professional development. Ms. Harrison was

not a typical experienced secondary mathematics teacher; she was a leader in the field

of mathematics education in this area. Her dedication to the profession was evident

in the time she spent not only keeping current, but organizing and presenting

professional development opportunities to train other teachers.

Ms. Harrison taught all of her classes at the high school in the same classroom, but

another teacher used the space in the afternoon. The classroom held many resources

that Ms. Harrison had collected throughout the years. Two of the walls were lined
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with cabinets, bookshelves, metal filing cabinets, and storage boxes that contained

resource books, activity books, manipulatives, student projects, and other materials.

The front of the classroom had a white board along the length of the wall, as well as

an overhead screen. The teacher's desk and work area were at the front of the room

and consisted of a row of bookshelves filled with textbooks and tables between the

board and the students' desks. An overhead was placed on one of the tables, which

Ms. Harrison used the majority of the time for instruction. There were 37 student

desks in the room arranged in rows. The physical space in the classroom was limited,

with just enough room between the rows for the students or teacher to walk through,

making it difficult for Ms. Harrison to circulate during class. When students had a

question, they came up to the front of the room. The students seemed comfortable in

the physical space, but Ms. Harrison stated that she really needed more room to be

able to do group activities with her students.

The class targeted for observation was Ms. Harrison's second period Geometry 1-

2 class, the only geometry class she taught during the day. The second period class

was also considered the "homeroom" class of the day where the announcements,

pledge of allegiance, and other events occurred, which made the class period about

ten minutes longer than the rest of the class periods. There were 36 students enrolled

in the class, with mainly sophomores and a few freshmen and upperclassmen, and the

students in the class had a range of abilities. There were more female students in the

class than male students, and the majority of the students were White. Most of the

students wanted to be successful in the class, so they did their homework, attended

class, and participated during class. When asked to compare the group of students as

a whole to students in previous classes, Ms. Harrison stated that there were two or

three students in the class who were really bright, but she usually had five or six

advanced students. Another difference was that none of the students were receiving

academic assistance or had other needs that required special services through the

school. She also mentioned that compared to other classes, this group was quieter

during class and more hesitant to answer questions.
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The classroom atmosphere was professional and efficient. Students came to class

prepared each day and the entire class period was spent on activities that focused on

learning geometry. The overall atmosphere of the classroom was a comfortable

environment where Ms. Harrison encouraged student participation through

questioning and discussion. She was willing to take time to listen to students when

they had questions or when they wanted to share their ideas or different ways they

thought about solving problems. Students participated during class by checking their

homework, asking questions, taking notes, answering questions during content

development, and asking or answering questions during the examples.

The pedagogical routines that Ms. Harrison had in place since the beginning of the

school year contributed to students' learning of geometry. She handed out an

assignment calendar at the beginning of each week, which contained the plan for the

week including the content objectives and specific assignments. Ms. Harrison helped

students keep organized by requiring a portfolio of their work that consisted of graded

assignments, quizzes and tests. Several times during the unit, class time would be

taken to hand students their portfolios and pass back corrected papers to put in them.

The students received a sheet containing a list of the assignments for the portfolio,

along with the number of points each was worth and the number of points they earned

on the assignment. The purpose of the portfolios was for students to participate in

assessment by calculating their grades and also acted as a system that would double-

check Ms. Harrison's records in case she missed entering a grade for an assignment in

the computer.

Ms. Harrison's class ran smoothly and seemed to be effortless, but the

organization and consistency throughout the year helped students keep on track. She

was absent three days during the unit for professional meetings, but organized her

lesson plans so that the new content would be presented on days she was in class.

The tests or workdays to complete assignments were scheduled on days when there

was a substitute. Each day during the unit was used for instruction and class time was

used efficiently.
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Models and Descriptions of Lesson Segments

All of the lessons in the unit were observed for each teacher and two of the six

content sections included in the unit were targeted for further analysis: area of

regular polygons, which was the second section, and area of circles and sectors, the

fifth section. The main content topics included in the section that dealt with the area

of regular polygons were to develop and apply a formula for the area of an equilateral

triangle, define terms associated with regular polygons such as central angle, radius,

perimeter and apothem, and develop and apply a formula to find the area of a regular

polygon. The area of circles and sectors section of the unit contained the

development and application of a formula to find area of a circle, the definition of a

sector of a circle, and the development and application of a formula used to find the

area of a sector. The content contained in sections two and five of the unit were

targeted for further analysis for several reasons: the sections were taught near the

beginning and end of the unit, both sections focused on area of geometric figures, and

both teachers identified the topics in the sections as being problematic for their

students in previous geometry classes they had taught.

Models of the lesson segments that dealt with the content topics of interest were

created to find patterns in both teachers' instructional styles, action sequences, and

instructional strategies within the action sequences. This section includes a calendar

created by the researcher outlining the events that occurred in each teacher's

classroom throughout the unit, with bold type representing those lesson segments that

were transcribed and modeled, models of the lesson segments that contained

presentation of new content and the following day's discussion of the homework

assignment that accompanied the new content, and a brief description of the lesson

segments taught by each teacher.

More detailed models were created for all of the lesson segments (see Appendices

E, F, G, and H) that contained instruction about the two targeted content topics, and

each model includes the major action sequences of the lesson segment, two parsings

of sub episodes of each action sequence, and a partial goal trace. The results reported
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in this section contain a brief description of each lesson segment, along with less

detailed models of the lesson segments to give the reader a sense of the order of

events in the classroom and how these events affected instruction. The goals written

at the bottom of the models of the lessons contain the content goals both teachers

listed in the pre-observation questionnaires, along with goals attributed by the

researcher based on observation of the instruction and events in the classroom.

Case I: Ms. Sanders

The calendar in Table 2, written by the researcher at the conclusion of the unit,

outlines the events that took place each day of the unit in Ms. Sanders' class. The

bold type within the calendar represents the portions of the lessons that were

transcribed for fine-grained analysis. A typical class period in which new content

was presented started with a discussion of the previous day's homework assignment

followed by the introduction of the new content. As a result, the lesson segments

with the content topics of interest spanned two class periods of instruction.

Content Topic 1: Area of Regular Polygons

The first content topic chosen for analysis was area of regular polygons, and the

portions of the class periods analyzed occurred during the second and third days of

instruction in the unit. The first portion of the class period on the second day of the

unit was spent discussing homework assigned the previous day for practice. The

transcription and analysis of the targeted lesson started 20 minutes into the class

period, after students turned in their homework assignment and began with the

introduction of new content. Ms. Sanders had planned on spending two class periods

of instruction for this section of the unit, and analysis of the lesson segments

continued into the following class period. The second day, Ms. Sanders continued

instruction on the new content, answered homework questions, and gave students

another assignment that provided more practice.
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Monday Tuesday Wednesday Thursday Friday
State Testing

Algebra Review
-Discuss algebra
review assignment
and hand in
-Notes on section
11.1: Angle
Measures in
Polygons

-Discuss and turn
in homework
assignment 11.1
-Notes on section
11.2: Areas of
Regular
Polygons*

-Continue 11.2
Notes*
-Practice
worksheet 11.2*

-Discuss and turn
in 11.2 homework
and practice
worksheet
-Notes on section
11.3: Perimeters
and Areas of
Similar Figures

-Discuss and turn
in 11.3 homework
-Notes on section
11.4:
Circumference
and Arc Length

-Continue section
11.4
-Qni7 11.1 and
11.2

-Discuss and turn
in homework 11.4
- Notes on
section 11.5:
Areas of Circles
and Sectors*

No School

No School -Discuss and turn
in homework
11.5*
-11.3-11.5 Review
Worksheet*
-Go over quiz
from last week

-Discuss
worksheet keep
to study for quiz
-Notes on section
11.6: Geometric
Probability

-Discuss 11.6
homework and
turn in homework
and worksheet
-Quiz 11.3-11.5
-After quiz
worksheet on
angles

-Discuss angle
worksheet
-Chapter review
from the textbook

-Go over quiz
11.3-11.5
-Discuss chapter
review
assignment

-Chapter 11 Test-
formulas are
written on test but
not identified

*Lesson segments that were transcribed for further analysis

Table 2. Calendar of Topics Discussed in Ms. Sanders' Class

Ms. Sanders assumed that students were familiar with the concepts of area and

perimeter in general as well as the formula for finding the area of any triangle where

area equals one half the length of the base of the triangle times the height of the

triangle. These concepts had been presented earlier in the course as well as in other

mathematics courses the students had taken. Students also had experience using

formulas to find missing lengths and had practiced solving for a specific variable in a

formula during an algebra review immediately before the start of the unit.

Ms. Sanders wrote a brief description of her lesson image on the pre-observation

questionnaire before the lesson began. The content goals she listed for this lesson
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were to develop a formula to find the area of an equilateral triangle using the

relationships between the side lengths in 30-60-90 degree right triangles, describe

characteristics of regular polygons, use a formula to find the area of a regular

polygon, and review trigonometric ratios to find lengths needed for the formula. Her

lesson outline contained a description which was primarily a lecture or discussion

focused on developing formulas, working practice problems and examples, and

summarizing at the end of the lesson. Ms. Sanders anticipated that students would

not have difficulty using either of the formulas if the information was provided, but

students would struggle or resist when trigonometric ratios were used to find either

the side length or apothem of the regular polygon needed to find the area ofa regular

polygon.

The first day of the lesson (Figure 2) focused on the introduction ofnew

content and contained five distinct lesson segments, area of an equilateral triangle,

definition of terms, the area of a regular polygon, examples, and discussing the

homework assignment. The first two lesson segments were carried out as planned by

Ms. Sanders, but the third segment was not, thereby affecting her instructional

decisions for the remainder of the class period as well as instruction the following

day. The primary content goal of the first lesson segment was to develop and apply a

formula to find the area of an equilateral triangle given the length ofa side. Ms.

Sanders incorporated a review of the relationships between side lengths ofa 30-60-90

degree special right triangle and a review of the formula for finding the area of a

triangle into the first lesson segment. The second segment of the lesson contained a

presentation of the terms and defmitions that were used to describe features ofa

regular polygon, such as the center, radius, central angle, and apothem.

The third segment of the lesson focused on developing a formula for finding area

of a regular polygon using a concrete example, an octagon given the length of the

radius, and then applying the formula to find the area of other regular polygons. The

third lesson segment was not carried out as planned with two contributing events,

student confusion during the development of the formula, and a mistake made by Ms.
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Action Sequence Sub-Episodes Goals Activated
a b c de f gh

1. Area of an
Equilateral
Triangle

Form: Lecture
and discussion

2. Definition of
Terms

Form: Lecture
with questions

3. Area of a
Regular Polygon

Form: Use
example to
present concept

4. Examples

Form:
Interactive
discussion.

5. Homework
Assigned

1.1 Develop the
Formula

1.2 Apply the
Formula

2.1 Center,
radius, central
angle, apothem

2.2 Drawing
Diagrams

3.1 Find apothem
using trig ratios

3.2 Perimeter
Mistake
Discussion

4.1 Pentagon
given apothem
and side length

4.2 Pentagon
use trigonometry

5.1 Expectations

5.2 Different
scenarios

Goals:
a. Draw, label and use diagrams to solve problems
b. Develop the concept and involve students through questioning
c. Provide a clear explanation
d. Apply the equilateral triangle formula
e. Define and locate center, radius, central angle, and apothem ofa regular polygon
f. Use trigonometric ratios and special right triangles (previous concept)
g. Understand and apply the formula for area of a regular polygon
h. Assign homework

Figure 2. Model of Ms. Sanders' Lesson on Area of Regular Polygons (Day 1)
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Sanders when finding the perimeter of the octagon. The lesson segment concluded

with a discussion about how to express the values needed to find the area and how

this affected the precision of the answer.

The fourth segment of the lesson was a presentation and discussion of examples

that used the area formula. Ms. Sanders incorporated examples she had not planned

on in order to help clarify for students how to use the area formula on a less difficult

problem. The inclusion of an additional example, as well as another discussion about

how to find the perimeter of a regular polygon, took more class time than anticipated,

and at this point in the lesson, there were only a few minutes left in the class period.

Ms. Sanders had planned to present more examples, but due to lack of time she

presented problem types students would encounter on the homework assignment and

discussed approaches to their solutions. The segment ended with Ms. Sanders

assigning homework problems from the textbook and encouraging students to read

the section and try the problems. Ms. Sanders expressed her disappointment with

how the lesson went after class, and adjusted instruction for the following day.

The following day's lesson (Figure 3) consisted of four lesson segments, all of

which were carried out as planned. The first segment was a discussion of homework

that gave students the opportunity to express the difficulties they had with the

problems. During the second lesson segment, she read the answers to the even-

numbered problems, giving students the opportunity to check their work or to write

down the answers. She adjusted the homework due date to the following class period

to give students time to redo problems they missed and to complete their homework.

In the third segment of the lesson, Ms. Sanders presented specific examples to clarify

the concepts from the previous day.

The last segment of the lesson allowed time for students to start a practice

worksheet in finding the area of regular polygons. Students worked through the first

problem on the worksheet independently as Ms. Sanders circulated through the

classroom. After most of the students had completed the first problem, Ms. Sanders

presented the problem on the overhead, with student input. A discussion followed



83

Action Sequence Sub-Episodes Goals Activatedab c d e f g

1. Discussion of
the homework in
general.

Form: Student
comments

2. Check even
exercises

Form: Routine

3. Area of a
Regular Polygon

Form: Lecture
and Discussion

Uses
progression of
examples

4. Practice
Worksheet

Form: Students
work and teacher
circulates and
answers
questions

1.1 Introduction

1.2 Students
voice difficulties
with assignment

2.1 Teacher reads
answers

2.2 Discuss
precision exact
or decimal

3.1 Examples
that use 30-60-90
triangles

3.2 Questions

3.3 Examples
that use 45-45-90
triangles

3.4 Examples
that use
trigonometric
ratios

4.1 Students
work on first
problem, discuss

4.2 Teacher
mini-lectures on
previous
concepts as
students work

Goals:
a. Draw, label and use diagrams to solve problems
b. Provide a clear explanation
c. Involve students through questioning
d. Use trigonometric ratios and special right triangles (previous concept)
e. Understand and apply the formula for area of a regular polygon
f. Discuss precision of answers; exact or decimal approximation
g. Provide class time for practice problems

Figure 3. Model of Ms. Sanders Lesson on Area of Regular Polygons (Day 2)
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about an alternative solution prompted by a student's comment. The lesson segment

continued with a discussion of how to approach the rest of the problems on the

worksheet and students spent the last 10 minutes of class working on homework

independently.

Content Topic II: Area of Circles and Sectors

The second lesson targeted for further analysis was the fifth section in the unit,

which contained formulas for and applications of the areas of circles and sectors. The

content taught the previous day was circumference and arc length of circles. The

beginning of the period, approximately 20 minutes, was spent reading the answers to

the even-numbered problems from the homework, going over problems the students

had difficulty with, and handing in the homework. The analysis of the targeted lesson

(Figure 4) began the last 30 minutes of class when the new content was being

developed, and extended into the next class period consisting of checking and

discussing the homework assignment. The remainder of the class period was spent

working on a worksheet to review the previous three sections.

The mathematical concepts included in the second targeted content were the area

of a circle and development of the formula for area of a sector. The students in the

class were familiar with the formula for area of a circle from a previous class, but had

probably not worked with the area of a sector. The concept behind the development

of the formula for area of a sector, proportionality, was directly related to the

development of the formula for arc length contained in the previous lesson. In

addition to developing and using the formula for area of a circle and sector, problems

within the section used current and previous knowledge of area to find shaded regions

of geometric figures that required students to add or subtract areas.

The goals Ms. Sanders identified for this lesson on the pre-observation

questionnaire were to review the area of a circle, develop the formula for area of a

sector related to arc length, and work through several examples of how to find the

shaded area of geometric figures. She felt that students would not have difficulty
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Action Sequence Sub-Episodes Goals Activatedabc de fg
1. Areaofa
Circle

Form: Lecture
and Discussion

2. Areaofa
Sector of a Circle

Form: Lecture
with questions

3. Area of the
Shaded Region

Form: Work
examples
together through
discussion

4. Assign
Homework

1.1 Review Area
and Perimeter

1.2 Apply Area
Formula

2.1 Define Sector
and Develop
Formula

2.2 Apply Sector
Formula

3.1 Circle minus
equilateral
triangle

3.2 Rectangle
minus circle

3.3 Sector minus
triangle

Goals:
a. Draw, label, and use diagrams to solve problems
b. Develop the concept and involve students through questioning
c. Review and apply the formula for area of a circle
d. Develop the formula for area of a sector
e. Apply the formula for area of a sector
f. Apply area formulas in multi-step problems finding the area of the shaded region
g. Assign homework

Figure 4. Model of Ms. Sanders Lesson on Area of Circles and Sectors (Day 1)

using the formulas for direct application, but would struggle when finding areas of

regions in figures made of several geometric shapes. The first segment of the lesson

was intended to be a quick review of area of circles in order to spend the majority of

class time on the more difficult concepts. During the first segment, Ms. Sanders

reviewed the formula for area of a circle, discussed the difference between the
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formulas for area and circumference, presented two examples that applied the

formula, and expressed the answers exactly and rounded to the nearest tenth.

The goal of the second segment of the lesson was to develop and apply the

formula for the area of a sector of a circle. Ms. Sanders started the segment with the

definition of a sector of a circle, described the relationship used to find the area of a

sector as a proportion, and finally developed the formula using the same method used

to develop the arc length formula the previous day. Two examples were presented

that provided students the opportunity to try the problems before discussion. Students

had difficulty with the exact values and simplifying expressions with pi or radicals

contained in them.

The last segment of the lesson consisted of examples that required students to find

the area of shaded regions of geometric shapes. Ms. Sanders had several examples

prepared, but the two examples that were completely finished by the end of class

were similar types and the process used to solve them was similar. Ms. Sanders

started a third example at the end of class, but the period ended before students had a

chance to work on it. Ms. Sanders assigned homework for practice that was due the

next class period, the following Tuesday.

Overall, the lesson was carried out as Ms. Sanders planned it, with the exception

of a student comment that resulted in a discussion about the formula for area of a

circle in terms of diameter, and a lengthy discussion on how to simplify rational

expressions that contained pi or radicals. The post-observation questionnaire

contained a question about any aspects of the lesson that the teacher would change.

Ms. Sanders mentioned that as the unit progressed, the first portion of the class was

spent taking more time going over homework problems because students were not

completing the assignment, leaving less time for introducing new content. Ms.

Sanders preferred to present new content and have at least a little time left at the end

of class for students to work on a few of the homework problems and ask any

questions.
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Action Sequence Sub-Episodes Goals Activatedab c de f
1. Check
Homework

Form: Routine

2. Questions
Over Homework
Problems

Goals: Answer
student
questions.
Identify student
mistake&
Review concepts
from previous
day's lesson.

Form: Students
ask questions.
Interactive
discussion

3. Practice
Work sheet

1.1 Teacher
grades
homework

1.2 Teacher reads
answers

2.1 Real world
application
problems: dart
board, area of
lighthouse beam

2.2 Area of circle
minus triangle

2.3 Four circles
inside a square

2.4 Sector minus
triangle (two
problems)

2.5 Discuss use
of triangle area
formulas

2.6 Area of pane
in glass window

2.7 Find radius
given the area

3.1 Students
work, teacher
circulates

3.2 Discuss
apothem and
altitude

Goals:
a. Draw, label and use diagrams to solve problems
b. Involve students through questioning
c. Apply area of shaded regions to real world problems
d. Understand and apply area formulas to find shaded regions in geometric figures
e. Discuss area of triangle formulas and when to use
f. Provide class time for practice problems
g. Check homework

g

Figure 5. Model of Ms. Sanders Lesson on Area of Circles and Sectors (Day 2)
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The next class period met after a long weekend. The first 30 minutes of the class

period were spent discussing homework questions that students had. Ms. Sanders

started the lesson by stating the general objective of the day, took attendance, and

circulated to check students' homework for completeness. The model of the lesson

(Figure 5) began with the routine of Ms. Sanders reading answers to the even-

numbered homework problems while students checked their answers.

During the second segment of the lesson, students asked questions about

difficult homework problems. A discussion about how to determine which formula to

choose when finding the area of a triangle and the relationship between the length of

the apothem and altitude of an equilateral triangle was prompted by a student's

question. The majority of the problems that students had questions about were real

Case II: Ms. Harrison

The calendar (Table 3) was created by the researcher at the conclusion of the unit

and briefly describes each day's events in Ms. Harrison's class for the entire unit.

The bold type within the calendar represents the lesson segments that were

transcribed for fine-grained analysis. Each of the lessons chosen for further analysis

spanned multiple class periods of instruction. The introduction ofnew content

occurred during the last part of the class period the first day, and the following days

in each sequence were the discussion of homework problems from the assignments.

Content Topic I: Area of Regular Polygons

The first targeted lesson spanned portions of four days of instruction: the

introduction of the new content occurred the second half of the class period of the

first day; the first portion of the class period the next day consisted of answering

students' questions about problems on the assigned worksheet; and finally, a set of

problems from the textbook was assigned. A discussion of the first textbook

assignment occurred the first part of the period on day three, along with a second
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Monday Tuesday Wednesday Thursday Friday
State Testing Start Chapter 11:

-Notes on section
11.1
-Work on
assignment 11.1

SUBSTITUTE

Chapter 10 Test

-Discuss and turn
in 11.1
homework
-Notes on section
11.2: Area of
Regular
Polygons*
-Assignment
worksheet

-Discuss 11.2
worksheet*
-Student
portfolios Hand
back and discuss
Chapter 10 test
-Assignment #1
from textbook
11.2

-Discuss and
turn in 11.2
worksheet and
textbook
assignment #1*
-Notes on section
11.3: Perimeters
and Areas of
Similar Figures

SUBSTITUTE
-Work on 11.2
assignment #2
from textbook
-Work on 11.3
assignment

No School

No School -Discuss and
turn in
homework:
11.2 textbook
assignment #2*
-Notes on section
11.4:
Circumference
and Arc Length

-Quiz 11.1
through 11.3

-Discuss 11.4
homework
-Continue 11.4
with assignment
#2

-Discuss and turn
in homework 11.4
-Notes on section
11.5: Areas of
Circles and
Sectors*
-Assignment #1
from text

-Discuss and
turn in
homework 11.5*
-Notes on section
11.6: Geometric
Probability

SUBSTITUTE
-Work on part 2
of 11.5
assignment
-Work on 11.6
assignment

-Discuss and
turn in 11.5
assignment*
-Discuss and turn
in 11.6
assignment
-Start review

-Review for
Chapter 11 test

Chapter 11 Test

*Lesson segments that were transcribed for further analysis

Table 3. Calendar of Topics Discussed in Ms. Harrison's Class

assignment from the textbook. The fourth day was a discussion of the homework

problems from the second textbook assignment. Models of the first two days were

included for discussion in this section, the introduction ofnew content and the first

day of reviewing the homework. The introduction of new content occurred during the

second part of the class period on the first day.

Ms. Harrison listed her content goals on the pre-observation questionnaire as

finding the area of regular polygons, defining apothem and radius, and reviewing

special right triangles and trigonometric ratios. She briefly described her lesson plan

for the period, and the activities listed were designed to check the previous day's
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homework and answer questions, fill in a notes outline and examples for the new

content, assign a worksheet with practice problems for homework, and complete the

first problem on the worksheet together. She mentioned that this section was

typically difficult for students, so two days of class time were spent on instruction,

along with three different homework assignments.

The transcription and analysis of the introductory lesson on the areas of regular

polygons began 24 minutes into the class period (Figure 6), and continued for

approximately 30 minutes until the class period ended. Ms. Harrison introduced the

lesson by stating the topic of the day, handed out a notes outline she prepared, and

reviewed basic geometric shapes and area formulas from a unit she taught during the

first semester. Ms. Harrison had the class write down the formula for area of a

triangle because that was the formula they were going to use to develop the formula

for the area of an equilateral triangle in the next lesson segment.

The first major action sequence was to develop the formula for the area of

an equilateral triangle, given a side length, "s". Ms. Harrison reviewed properties of

equilateral triangles and developed the formula for the equilateral triangle by first

writing the general area formula and substituting what was known into the formula,

which was the length of the base, "s". Ms. Harrison then used special righttriangles

to find the height of the triangle and finished developing the area formula for an

equilateral triangle. Two examples followed, both a direct application of the formula,

given a side length find the area of the equilateral triangle.

The second action sequence was to define terms students might use when finding

the area of any regular polygon, the center, radius, and central angle. The third action

sequence used ideas from the second action sequence as well as the area of a triangle

to develop the formula for the area of a regular polygon. The idea behind the

development of the formula was to find the area of one of the equilateral triangles in

the regular hexagon and then multiply by the number of triangles contained in the

hexagon. The formula was developed through logical reasoning, using the area of a

triangle, the apothem of a regular polygon, and the perimeter ofa regular polygon.
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Action Sequence Sub-Episodes Goals Activated
a b cd e fg

Introduction

1. Area of an
Equilateral
Triangle

Form: Lecture
with questions

2. Definition of
Terms

Form: Lecture
with questions

3. Area of a
Regular Polygon

Form: Lecture
with questions

4. Examples

Format: Lecture
with questions.

Hand out
worksheet for
homework

1.1 Develop
Formula

1.2 Apply
Formula

2.1 Center,
radius, central
angle, apothem

2.2 Summary

3.1 Develop
formula

3.2 Example 1:
Hexagon-use 30-
60-90 triangle

4.1 Example 2:
Pentagon use
trig ratios

4.2 Example 3:
Triangle two
ways; 30-60-90
triangle and
formula

1 I I

Goals:
a. Introduce concept by reviewing areas of basic geometric shapes.
b. Involve students through taking notes, questioning, and discussion.
c. Develop the formula using area of a triangle and previous knowledge.
d. Use previous knowledge to solve new problems (trigonometry).
e. Understand and apply the new formulas.
f. Define and locate center, radius, central angle, and apothem of a regular polygon.
g. Model the process used in solving problems.

Figure 6. Model of Ms. Harrison's Lesson on Area of Regular Polygons (Day 1)
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Action Sequence Sub-Episodes Goals Activated
a bc de f g

1. Start Class

Form: Routine

2. Answer
Student
Questions

Form: Student
questions and
discussion

Question 1:
Students were
involved in the
process through
questioning.

Question 2:
Teacher
explanation as
steps were
written down.

Points out two
ways to find the
area of the
square.

Discuss Unit 10
Test

Organize
portfolios

1.1 Answers to
homework
displayed

1.2 Attendance
Talk to students

2.1 Question 1:
Octagon given
apothem:
-Ask student how
to start
-Draw in radii
-Find central
angle
-Find radius
-Find side
-Find perimeter
-Teacher mistake
-Rework
perimeter
-Find area
-Summary

2.2 Question 2:
Square given the
apothem
-Draw radii
-Find central
angle
-Draw apothem
-Find radius
-Find side
-Find perimeter
-Find area
-Find area a
different way

Goals:
a. Students check their answers.
b. Take care of attendance and other business.
c. Provide a clear explanation and model the problem solving process.
d. Involve students through questioning.
e. Use trigonometric ratios and special right triangles (previous concept).
f Understand and apply the formula for area of a regular polygon.
g. Two ways to find area.

Figure 7. Model of Ms. Harrison's Lesson on Area of Regular Polygons (Day 2)
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Ms. Harrison guided the students through three examples; she had planned on

showing students two different ways to find the area of the third example, but ran out

of time. Students were given an assignment in the form of a worksheet created by

Ms. Harrison; the worksheet assignment was due the following day.

The next portion of a lesson transcribed for analysis was the first portion of the

following class period when students had questions over the assignment (Figure 7).

The first two action sequences were a routine start of class followed by answering

questions about the homework problems. The last half of the class period was spent

reviewing the Chapter 10 test, and returning papers so students could organize their

portfolios and calculate their grades. The first action sequence of the lesson was a

routine where Ms. Harrison had prepared an overhead transparency with the answers

to the previous day's worksheet and students were given several minutes to check

their answers. Students asked to see two of the problems from the assignment, where

the second problem involved a square with the length of the apothem given. The

problems were completed through a discussion in question format. At the conclusion

of the problem, Ms. Harrison indicated that the area of the square could be found two

different ways. At the end of the lesson segment, problems from the textbook were

assigned for more practice.

Content Topic II: Areas of Circles and Sectors

The second targeted lesson spanned portions of four days of instruction; new

content was introduced the second part of the class period on the first day, the first

assignment from the textbook was discussed the beginning of the second day, a

second set of problems was assigned the third day while a substitute was in class, and

the second assignment was discussed at the beginning of the period on the fourth day.

The first two portions of the lessons were transcribed for analysis, since the third

assignment was given for review while Ms. Harrison was absent. The first portion of

the lesson that was analyzed started approximately 25 minutes into the class period

(Figure 8). Ms. Harrison's content goals for the lesson were to review the area of a
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Action Sequence Sub-Episodes Goals Activateda bc de fg h
Transition

Form: Mini
lecture

1. Area of a
Circle

Form: Lecture
and discussion

2. Area of a
Sector of a Circle

Form: Lecture
and questions

3. Area of
Shaded Region

Form:
Discussion

Review previous
concept, connect
to today's lesson

Hand out notes
outline

1.1 Develop
formula: pattern

1.2 Applications
Example 1:
Area of a circle
given the radius
Example 2: Find
diameter given
the area

2.1 Define Sector

2.2 Formula

2.3 Example:
Direct
application

3.1 Example:
Area between a
circle and an
inscribed
hexagon
-Pose problem
-Find circle area
-Find hexagon
area
-Subtract and
simplify
-Express answer
exact and
aooroximated

Goals:
a. Connect previous content to new concept.
b. Develop the formula for area of a circle using regular polygons.
c. Involve students through notes and questioning.
d. Apply the formula for area of a circle.
e. Relate the formula for area of a sector to previous formula for arc length of a circle.
f. Apply the formula for area of a sector.
g. Apply area formulas in multi-step problems finding the area of the shaded region.
h. Express solution in exact and approximate form.

Figure 8. Model of Ms. Harrison's Lesson on Area of Sectors and Circles (Day 1)
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circle, define sector and segment of a circle, and find the area of both a sector and

segment of a circle. She described her general lesson plan as handing out the notes

outline for the section, developing the area of a circle formula using inscribed

polygons, defining area of a sector, and working through examples. The lesson was

carried out as planned.

The transition between the two major segments of the class period, reviewing

previous homework and introducing new content, consisted of a mini-lecture

reviewing arc length and connecting the ideas used to develop that formula to the new

content, area of a sector. The first main content action sequence was the development

and application of the formula for finding the area of a circle given the radius. Ms.

Harrison used a visual pattern of regular polygons inscribed in a circle and the idea of

a limit to develop the formula for area of a circle. Then she presented two direct

applications of the formula as examples.

During the second major content action sequence, Ms. Harrison started by

defining sector, and then, instead of developing the formula used to find the area of a

sector, she presented the formula and pointed out the similarities to the formula

students had developed the previous day to find the arc length of a circle. She then

presented an example, which was a direct application of the formula following the

same process used in the previous class period.

The third lesson segment was a presentation ofan example problem involving

finding the area of a shaded region composed of two geometric figures. The problem

contained a hexagon inscribed in circle with the radius given and the shaded area

outside the hexagon but inside the circle. With the help of students, Ms. Harrison

found the area of the circle and the area of the hexagon, subtracted the values and

expressed the answer exactly and as a decimal approximation. The lesson ended with

a few minutes at the end of the period for students to start working on their

assignment.
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Action Sequence Sub-Episodes Goals Activatedabc d e f g
I. Start Class

Form: Routine

2. Answer
Student
Questions

Form:

Problem 1:
Teacher
explanation

Problem 2:
Discussion,
student found
mistake in
simplifying
expression.

Problem 3:
Teacher
explanation

Answers to
homework
displayed

Attendance
Talk to students

Review of
concept

Problem 1: Find
the radius given
the area of a
circle
-Read problem
-Substitute
values in formula
-Solve

Problem 2: Area
of a sector
-Read and draw
problem
-Set up values in
formula
-Simplify
-Another student
did problem a
different way

Problem 3: Area
of two sectors in
a circle
-Read and draw
problem
-Area of sector
times two
-Discuss
different process,
double angle and
then find area

Goals:
a. Students check their answers.
b. Teacher takes attendance and takes care of other business.
c. Review concept used to complete homework.
d. Model the problem-solving process.
e. Provide a dear explanation.
f. Involve students through questioning.
g. Discuss two different ways to solve the problem.

Figure 9. Model of Ms. Harrison's Lesson on Area of Sectors and Circles (Day 2)
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The second day of the lesson consisted of reviewing homework problems assigned

the previous class period (Figure 9). The students asked to see only three of the

problems: find the radius of a circle given the area, find the area of a sector given the

central angle and radius of the circle, and find the area of two sectors inside the same

circle. The segment concluded with students handing in their assignments. The

remainder of the class period was spent with notes for the last section in the unit,

geometric probabilities. The following day, Ms. Harrison was absent, so she planned

a workday for students in which more problems from Section 11.5 were assigned.

The assignment on areas of sectors and circles contained more complex multi-step

problems where students had to find the area of shaded regions bounded by several

geometric figures.

Discussion of the Research Questions

To investigate the overarching research question about experienced secondary

mathematics teachers' classroom practices and knowledge bases, five supporting

research questions were asked. The first research question dealt with the teachers'

conceptions of mathematics, learning mathematics, and teaching mathematics. The

initial interview and classroom observations provided information about the teachers'

beliefs and conceptions about the subject of mathematics, how students learn

mathematics, and effective teaching of mathematics, which affected both teachers'

instructional goals, the focus of the second supporting research question. During the

initial interview, teachers were asked what their overarching goals were for students

as a result of completing the geometry course and supporting evidence for these goals

as well as unit and lesson goals were gathered through classroom observations. The

importance of the first two research questions was that these questions focused on

teachers' conceptions of mathematics and their goals concerning what they wanted

students to learn providing information about why the teachers made their

instructional decisions.
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The next three supporting research questions investigated each teacher's

knowledge base, including subject matter knowledge and pedagogical content

knowledge. The third question investigated the types of instructional strategies the

teachers used and for what content. The instructional strategies the teachers used to

accomplish their overarching and unit goals were strategies they had found to be

successful through experience. The fourth question dealt with the curricular and

other materials the teachers used for instruction and the fifth question investigated

any modifications made to instruction along with the reasons for the modifications.

Many of the lessons during the unit were completed as planned by both teachers,

indicating that the strategies were successful for these teachers. Those lessons where

modifications had to be made provided information about when and how the teachers

had to change their instruction in some way based on their students' needs.

Throughout the discussion of the research questions, references are made to events

that occurred during the lesson sequences that were targeted for further analysis. The

detailed models of each of the action sequences, along with a list of the goals and a

goal trace, take a large amount of space, but are included in Appendices E, F, G, and

H. Appendices E and F contain the detailed models of Ms. Sanders' lesson segments

and Appendices G and H contain the detailed models of Ms. Harrison's lesson

segments. The major action sequences for each of the lessons are numbered in the

order they occurred as 1, 2, 3, etcetera, and the nested action sequences in the first

parsing of the main action sequences are labeled with the number of the action

sequence it occurred in and the order in which it occurred within the main action

sequence as 1.1, 1.2, etcetera. The nested action sequences contained in the second

parsing of the main action sequences were labeled using the same system. A label of

1.2.3 indicates the first action sequence, second actionsequence within the first

parsing, and third action sequence within the second parsing (Figure 10). The

evidence cited in the discussion of the results is accompanied by a reference to the

appropriate Appendix instead of including the detailed models within the text.
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Action Sequence First Parsing Second Parsing

1.1

1.2

1.1.2

1.2.1

1.2.2

1.2.3

Figure 10. Labeling of Action Sequences in Appendices E, F, G, and H

Conceptions of Mathematics

The first research question was: What are experienced secondary mathematics

teachers' conceptions of mathematics and teaching and learning mathematics? The

question was investigated by analyzing both Ms. Sanders' and Ms. Harrison's

responses during the initial interview and through classroom observations. The initial

interview contained questions about conceptions of mathematics using contrasting

statements about the four themes and seven dimensions from the Conceptions of

Mathematics Inventory (Appendix B). The interview provided an opportunity for

both teachers to make statements about their conceptions of mathematics, learning

mathematics and teaching mathematics. Observations of each of the lessons were

used to attribute beliefs based on both teachers' actions in the classroom. The two

data sources were then compared for consistency.

Case I: Ms. Sanders

The first theme was the nature of mathematical knowledge, containing three

dimensions, composition, structure, and status of mathematical knowledge. In the

area of composition of mathematical knowledge, Ms. Sanders felt that concepts,

principles and generalizations were just as important as facts, formulas and

algorithms. She stated in the initial interview that:
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...in life everybody needs to understand concepts of math to be able to
use it in real life, but if you want to go further, understand the facts,
formulas if you want a math career.

Ms. Sanders actions in the classroom supported her statements about the composition

of mathematical knowledge. The unit on area of polygons and circles contained

many definitions and formulas as well as applications. Most of the lessons that

contained presentation of new content had at least one formula as part of the content,

and in each of these lessons, Ms. Sanders planned on presenting how the formulas

were developed. The formula for finding the area of an equilateral triangle given the

side length was developed using students' previous knowledge of the general area

formula of a triangle and side lengths in special right triangles. After the formula had

been developed, Ms. Sanders expected students to be able to use it when solving

problems.

The second dimension concerned the structure of mathematical knowledge, where

Ms. Sanders identified mathematics as a coherent system, not a collection of isolated

pieces. This conception was evident during instruction. Many instances of

connections were made between geometry topics, geometry and trigonometry, and

geometry and algebra. One of the topics that included components of all of the

subject areas was the first lesson analyzed about area of regular polygons.

Trigonometric ratios and special right triangles were used to find the lengths of the

apothem and side of the regular polygon in order to fmd the area. Algebraic skills

were used when students were required to express answers in exact form, by reducing

rational expressions containing radicals.

The third dimension, status of mathematical knowledge, had contrasting

statements of mathematics as a static entity or dynamic field. Ms. Sanders thought

that the subject of geometry was more static than dynamic and that most of the

mathematics had been discovered, although there were still a few theorems that had

not been proven yet. Instruction in the classroom was consistent with this view. The

topics in geometry were viewed as content that students needed to know, and

instruction in this unit did not include exploration of problems or ideas with the
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objective of students developing their own methods. Ms. Sanders had a style of

instruction that focused on students understanding the content through a progression

of questions that led students to the concept accompanied by a clear explanation of

the content.

The second theme was nature of mathematical activity containing two dimensions,

doing mathematics and validating ideas in mathematics. The dimension of doing

mathematics contained contrasting statements about the importance of the process or

the result. Ms. Sanders felt that the most important component of doing mathematics

was the process and how the process helped students make sense of the mathematics,

but stated that getting the right result was important as well. In order to illustrate the

importance of the process of doing mathematics, Ms. Sanders used partial credit when

grading quiz and test problems and required students to show all of their work on the

homework assignments. The partial credit system she used on quizzes and tests was

that the correct answer was worth points, but the steps leading to the answer that

showed the students' thought processes were worth more points. Homework

assignments were graded according to completeness and effort, but in order to receive

full credit, all work had to be shown for the problems.

The second dimension of doing mathematics involved validating ideas in

mathematics and Ms. Sanders felt that it was more important for students to learn to

rely on their own logical thought instead of an outside authority such as the textbook

or teacher when doing mathematics. She encouraged students to use their textbook

by reading the section, looking at the examples, and checking their answers to the

odd-numbered exercises in the back of the book while doing homework in order to

correct mistakes. In a sense students were checking their answers and knew when

they were wrong, but had to rely on their own logical thoughts to retrace their steps or

check their work to find the mistake.

The third theme included in conceptions of mathematics involved learning

mathematics, and the contrasting statements in this dimension were learning as

constructing understanding or learning as memorizing. Ms. Sanders felt that learning
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mathematics was constructing understanding, not memorizing, and this conception

was evident in many aspects of her classroom. Lectures that presented new content

were more of a directed question and answer format designed so that students could

either extend their previous knowledge or use previous concepts to develop new

concepts. During the lesson on areas of polygons, Ms. Sanders developed the formula

for the area of an equilateral triangle given a side length by drawing an equilateral

triangle along with the height and using 30-60-90 degree triangle to find the height.

The values for the base and height of the triangle were substituted into the area of a

triangle formula that students were familiar with resulting in a new formula

specifically used to find the area of a particular type of triangle when the side length

is known. Students were encouraged to ask questions during instruction and when

going over homework, which prompted the beginning of several unplanned

discussions during class. Ms. Sanders felt that students did not need to memorize the

formulas from the unit and wrote the formulas on the quizzes and unit assessment, but

she expected students to remember what the formulas were for and what the variables

in each formula represented.

Usefulness of mathematics was the last theme in the conceptions of mathematics.

Ms. Sanders indicated strongly that mathematics was a useful endeavor, not just a

school subject with little value. She believed students would use mathematics in their

jobs someday, even though students may not know what they want to do yet. The

obvious jobs that used mathematics were in the fields of engineering or the sciences,

but Ms. Sanders used other examples such as a policeman using formulas to find the

length of skid marks. Ms. Sanders stated during the initial interview that mathematics

was useful in general for all students even if they do not use it in their future careers;

"I think math is useful just for the logic of it." Many of the concepts in mathematics

were useful for all students such as fractions and decimals as well as specific

geometric concepts such as area or volume for any type of landscaping or home

improvement projects students may encounter sometime in their life. Ms. Sanders

included many real life application problems when choosing examples for instruction,
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and most of the homework assignments included problems where students had to use

the geometry concepts to answer application problems.

Ms. Sanders had several beliefs about learning and teaching mathematics that were

affected by her conception of the subject of mathematics as well as her experiences as

a student of mathematics. She believed that teachers had different teaching styles

based on their strengths and that not all students learn best from one particular style.

Ms. Sanders felt that her strength was the ability to explain things well, which was

why she used the lecture or discussion method of presenting new content. In the

initial interview, she stated:

I feel as if I know math well, but I explain things very well and that's
where, you know, so the explanation...I can convey the concept across very
well.

She felt comfortable in the classroom with her teaching style and felt that most

students responded positively to her style.

Ms. Sanders mentioned that while taking university mathematics courses, she had

a professor who focused on group work, which was not a method that was successful

for her as a student so she avoided taking his classes. She also avoided incorporating

group work into her classes for two reasons: it takes time to teach students how to

work in groups, and she did not want students to be uncomfortable in a group

situation. The majority of students in the Geometry 1-2 class planned on attending a

university, so she felt it was important for the students to figure out what style of

teaching worked best for them in order to select professors to match their learning

style. Her actions in the classroom indicated that she felt students learned by taking

notes, listening, using diagrams or representations to solve problems, asking and

answering questions, practicing the problems, and using the resources available to

them such as their textbook and notes. Students were expected to take notes during

content development, which Ms. Sanders wrote on the overhead projector. She relied

on the use of diagrams to visually represent relationships in geometric figures while

explaining the concepts verbally during content development. During the content

development portion of the lesson on areas of regular polygons, Ms. Sanders wrote
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the definitions for center, radius, central angle, and apothem of a regular polygon on

the overhead projector accompanied by a diagram of a regular hexagon illustrating

each definition (Appendix E: Day 1: 2.2).

Case II: Ms. Harrison

The three dimensions contained in the nature of mathematics theme of the

conceptions of mathematics inventory were composition, structure, and status of

mathematical knowledge. Ms. Harrison felt strongly that concepts, principles and

generalizations were more important than knowledge of facts, formulas, or

algorithms. She stated in the initial interview that students needed to be able to see

the "big picture" instead of memorizing the details. Her instructional style reflected

this view through the development of formulas using previous knowledge, so students

could see the origins. During the lesson on area of regular polygons, Ms. Harrison

introduced the content by asking students to recall as many basic geometric shapes

and area formulas they could remember and focused their attention on the formula for

the area of a triangle to develop the formula for area of an equilateral triangle. After

the formula for an equilateral triangle was developed, Ms. Harrison used the concept

to develop the area of a regular hexagon composed of six equilateral triangles. She

let students use their notes on the quizzes, and provided them with a formula sheet

during the chapter test that contained not only the formulas used in the unit, but also

several other formulas used earlier in the course.

The second dimension was the structure of mathematical knowledge. Ms.

Harrison felt that mathematics was a coherent system, not a collection of isolated

pieces. During instruction, she identified connections between the different subject

areas, such as using the concept of a limit from calculus to develop the formula for

the area of a circle using regular polygons inscribed inside a circle. Her notes outline

for the development of the area of a circle formula contained a series of circles the

same size with regular polygons inscribed inside each circle. As the number of sides

of the polygon increased, the visual pattern showed the area of the regular polygons
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was filling more and more of the inside of the circle. Ms. Harrison showed students

that the lengths of the apothem and perimeter in the formula for the area of a regular

polygon approached the lengths of the radius and circumference of a circle. She also

connected ideas from several areas of trigonometry and algebra with concepts that

were presented during the unit on area of perimeter of polygons and circles. Ms.

Harrison used trigonometric ratios, the Pythagorean theorem, and special right

triangles from trigonometry and incorporated systems of equations, solving equations,

and simplifying radical and rational expressions from algebra.

The third dimension was whether the subject of mathematics was a static or

dynamic field. Ms. Harrison felt that the field itselfwas dynamic with the amount of

mathematics that had been discovered since she was in college, such as fractal

geometry and chaos theory. She also felt that it was dynamic in the sense that

students discover new ways to solve problems, helping her to learn more about

mathematics. Ms. Harrison stated in the initial interview:

Dynamic and as far as I'm concerned we're always learning. Every time
my kids do something, I learn a new way to do it because some kid will
come up with some creative thing.

During instruction, Ms. Harrison encouraged students to share their ideas when they

solved or approached a problem in a different way.

The second theme was the nature of mathematical activity, involving two

dimensions, doing mathematics and validating ideas in mathematics. Ms. Harrison

stated that doing mathematics was more of a sense-making activity than a results-

oriented activity. She felt that results were important, but students needed to be able

to look at the result and determine whether or not it made sense, and if not, have the

ability to check their work for mistakes or re-examine their problem solving strategy.

Ms. Harrison felt that it was important for students to validate their work in

mathematics with each other or through logical thought instead ofrelying on the

teacher or textbook for validation. She felt that students needed to have confidence in

their mathematical abilities, but recognized through experience that it takes time for
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students to develop confidence in their ideas. In the initial interview, she stated with

regard to students' confidence:

...but I think through questioning you can help them develop that, but you
also want to be real careful because there are some kids that have really
strong opinions that they are correct and they're not so there is a balance
there. I want kids to believe in themselves and be willing to support and
justify their answers, but you have to be careful to ask the right questions if
you see that they really do have a misconception that they believe that's
strong.

During instruction, Ms. Harrison asked many questions, and stated that questioning

was one of the instructional techniques she had been working on for the past several

years of her career, because of the importance of questioning not only in developing

ideas in mathematics, but also asking the right question so students can correct their

misconceptions. When students answered questions or made comments during class,

Ms. Harrison asked them to justify their answers with an appropriate definition,

property, or theorem. During the development of the formula for finding the area of

an equilateral triangle (Appendix G: Day 1: 1.2), Ms. Harrison drew an equilateral

triangle and an altitude on the overhead projector and asked students the lengths of

the opposite side:

T: If this whole side is "s", and I dropped this perpendicular to make that
an altitude, how big is each piece here? (Ms. Harrison points to the side of
the triangle)
Class Response: Half
T: Half of "s" or "s" over two, right? That works. How come we know
that's true?
Student 1: Perpendicular bisector
T: Right, because the perpendicular bisector in an equilateral cuts it
into two equal pieces.

The third theme was learning mathematics and the contrasting ideas were either

constructing understanding or memorizing intact knowledge. Ms. Harrison believed

that constructing understanding was the most important, but that this understanding

was facilitated by some basic knowledge or skills that were memorized. She felt that

if students had not memorized some of the basic knowledge that it did not necessarily

mean they could not do mathematics, but she felt students' knowledge of basic skills
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facilitated learning new content. During instruction, Ms. Harrison helped students

construct understanding in a variety of ways. She took time to explain where the

formulas originated in each of the sections in the unit; she used questioning during

class to involve students in the development of the concepts, and encouraged students

to share their problem solving strategies on the homework problems. While

answering questions students had about homework problems from an assigned

worksheet, Ms. Harrison used the formula for the area of a regular polygon to find the

area of a square. This involved using a right triangle to find the length of the apothem

of the square. One of her students found the area of the square a different way, by

using the right triangle to find the side of the square and then using the formula for

area of a square (Appendix G: Day 2: 1.2).

The fourth theme was the usefulness of mathematics, and the contrasting

statements were whether students would use the mathematics in their life or if

mathematics was considered a school subject with little meaning. Ms. Harrison felt

strongly that the subject of geometry was useful for all students, not only those going

into engineering or other fields that require the use of mathematics. She stated that:

One nice thing about Geometry is that it is a lot more applicable to things
that you can give real world examples of what they (the students) feel
comfortable with.

She mentioned some real world examples students could relate to such as painting a

wall in their room or covering a hexagonal table with laminate wood. Throughout the

unit, Ms. Harrison incorporated many real world example problems in her instruction

as well as including them in the homework assignments. While introducing the first

content topic of the unit, measures of interior and exterior angles of regular polygons,

Ms. Harrison incorporated example problems using a stop sign and a pentagon-

shaped stage.

Discussion of Conceptions of Mathematics Across Both Cases

A comparison of both cases in the area of conceptions of mathematics revealed

similarities and differences across the four major themes, the nature of mathematics,
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the nature of mathematical activity, learning mathematics, and the usefulness of

mathematics. The first theme contained three dimensions: composition, structure,

and status of mathematics. Ms. Sanders and Ms. Harrison agreed that the structure of

mathematics was more of a coherent system than a set of isolated facts, which was

evident in their instruction. Both teachers incorporated connections between topics in

geometry as well as topics between other areas of mathematics such as trigonometry

and algebra into their instructional practice. The two teachers differed somewhat in

their conception of the composition of mathematics. Ms. Harrison felt that

knowledge of concepts, principles, and generalizations were more important than

knowledge of facts, formulas, or algorithms. Ms. Sanders felt that both aspects of

mathematical knowledge were important, with the distinction that a more conceptual

understanding of mathematics was necessary for everyone to use math in their daily

life, but people who intend to have a career in mathematics-based field also needed to

understand the procedural aspects of the subject. The teachers' responses in the areas

of structure and composition of mathematics suggest that they both recognized the

importance of both conceptual and procedural knowledge of the mathematics topics

at the secondary level as well knowledge of the connections between the topics.

The status of mathematics refers to teachers' conceptions about the field of

mathematics, whether it is dynamic or static. Ms. Sanders felt that the field of

mathematics was static and that most of the theorems had already been proven, and

Ms. Harrison stated her amazement at the advances made in mathematics since she

had completed her undergraduate degree, such as fractal geometry. Ms. Harrison

stated that she did not fully understand the recent developments in mathematics, but

had a general sense of what they were. The differences in the two teacher's views

about the field of mathematics may be a result of their differences in educational

backgrounds. Ms. Sanders had completed a Bachelor's degree in mathematics

education, and Ms. Harrison had continued her education and obtained a Master's

degree in mathematics education, that required a certain number of credit hours of

graduate-level mathematics courses. Although both teachers had a strong knowledge
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of the mathematics they were teaching, Ms. Harrison had a sense of what advances

have been made in the field of mathematics. The differences in the teachers'

conceptions of mathematics as a field of study were not evident in their instruction

during the observed unit.

The second theme in conceptions of mathematics was the nature of mathematical

activity, which contained two dimensions, doing mathematics and validating

mathematical ideas. Both teachers stated that the process of doing mathematics was

more important than the results, which was reflected in their teaching as well as their

assessment practices. Ms. Harrison and Ms. Sanders felt that it was important for

students to rely on their logical thought more than outside authority such as the

teacher or the textbook. The difference in their instructional approaches to validating

ideas was that Ms. Sanders encouraged students to check their answers in the back of

the textbook, and try to find their mistakes when problems were incorrect. Ms.

Harrison felt that in order to help students rely on themselves, they needed confidence

in their abilities to do mathematics. She encouraged confidence in the classroom

through questioning strategies that helped lead students to ideas and conclusions.

Ms. Sanders and Ms. Harrison had similar conceptions in the last two themes of

conceptions of mathematics, learning mathematics and the usefulness of mathematics.

Both teachers felt strongly that learning mathematics was constructing understanding

instead of memorizing, which was supported by their instructional styles of

developing the formulas contained in the observed unit instead of presenting formulas

to be memorized. Both teachers also felt strongly that mathematics was useful for

their students instead of a school subject with little value. Ms. Sanders and Ms.

Harrison listed many practical uses of mathematics their students may encounter in

their lives as well as specific ways in which students may use the mathematics in their

future professions. Both teachers incorporated problems set in real world contexts

into their instruction.
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Instructional Goals

The second research question was: What are experienced secondary mathematics

teachers' instructional goals and how are these related to their conceptions of

mathematics? Goals can be described at three different levels, long-term or

overarching course goals, medium-term or unit goals, and short-term or lesson goals.

The data sources that were designed to collect information about the teachers' goals

were the initial interview, the pre-observation questionnaires, and the classroom

observations. Questions asked during the initial interview were designed to provide

teachers with the opportunity to discuss some of their overarching goals for students

as a result of completing the geometry course as well as more specific goals for the

observed unit. The pre-observation questionnaires asked the teachers to record their

specific lesson goals for each day of instruction. These two data sources provided

information about the content goals the teachers had, but the classroom observations

revealed other goals, such as the development of study skills, based on their

instruction in the classroom. The goals for each teacher included in the results are a

combination of the goals stated by each of the teachers and the goals attributed to

each teacher by the researcher based on the classroom observations.

Discussion of Goals Across Both Cases

Goals were discussed at three different levels, overarching, unit, and specific

lesson goals. Ms. Sanders and Ms. Harrison wanted their students to perform well on

the state standardized test, which was their first overarching goal. The curriculum

they were teaching was aligned with the state mathematics content standards, and as a

result, both teachers had similar content goals for the observed unit as well as the

content goals for each lesson. Other overarching goals both teachers had in common

were for students to understand the connections between topics in the geometry

course as well as the connection between topics in geometry to other areas of

mathematics, to recognize that the topics in the course were applicable in a variety of

real world contexts, and to involve students in their learning during class through



111

questioning and discussion. These overarching goals corresponded to both teachers'

conceptions that mathematics was a coherent system, that mathematics was useful,

and that the process of doing mathematics was important.

Ms. Sanders and Ms. Harrison incorporated study skills into their courses, but each

teacher differed in the study skills they felt were important for students to learn. Ms.

Sanders wanted students to learn how to use the available resources when learning

mathematics, such as referring to their notes or their textbook when working on the

homework. She also encouraged students to ask questions of each other and to come

in for extra help before or after school. She felt that students would need to learn how

to rely on their resources because that would be an important factor in their success

when they took university-level mathematics courses.

Ms. Harrison took a different approach to study skills and felt that students needed

direction in how to take notes and recognize what was important during content

development. She created notes outlines for each new lesson that contained the major

ideas and definitions as well as examples to accompany each new concept. During

lecture and discussion, Ms. Harrison presented content from the outlines while

students added important ideas and worked through the examples on the notes

outlines. Students were able to use their notes outlines on quizzes, and Ms. Harrison

felt that this helped students recognize the value of notes as a study aid as well as help

students learn to take notes on their own in future classes.

Ms. Sanders and Ms. Harrison also differed in their affective goals for students.

Ms. Sanders focused on students feeling comfortable in her classroom and enjoying

the experience along with learning the mathematics. She often used humor during

class and when there was time at the beginning or end of class, she engaged students

in short conversations about their extracurricular activities outside the classroom.

Ms. Harrison's classroom atmosphere was comfortable as well, but her focus was

more on students' success in her class. She let students know when they were

missing assignments, scheduled time for students to make up quizzes and tests, talked

to students individually about their work, and encouraged students to come in for
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extra help when needed. She also kept in contact with her students' parents or

guardians to involve them in their child's success in her class.

Instructional Strategies

The third supporting research question was: What types of instructional strategies

are used by experienced secondary mathematics teachers, and how are their choices

affected by the context of the classroom and goals? In order to investigate this

question, detailed models of the lessons that contained instruction dealing with the

targeted content topics were analyzed to fmd patterns that emerged, such as the types

of action sequences within the lessons. In order to fmd patterns within the types of

action sequences, a fine - grained analysis of each sequence was used to create more

detailed models. The similar types of action sequences were then coded and

compared to fmd patterns of instruction within them.

Ms. Sanders spent the first portion of each class period discussing the previous

day's homework assignment. She started the discussion by reading the answers to the

even-numbered problems while students checked their answers. Since reading the

even answers occurred each day, the action sequence was labeled as a routine.

During each lesson segment where new content was introduced, Ms. Harrison

reviewed a previous concept or asked students to recall previous information, and as a

result, "connecting new information to students' previous knowledge" was included

as a pattern in her instruction. All of the observed lessons in the unit were videotaped

and reviewed to confirm patterns in the types of action sequences as well as patterns

within the action sequences.

The overall patterns in both Ms. Sanders' and Ms. Harrison's lessons during the

observed unit were similar to the characteristics of an instructional model described

by Rosenshine (1986) as an explicit model of teaching. The explicit model of

teaching was considered an effective model of instruction when the objective was

students' mastery of a body of knowledge such as mathematical procedures and

computations and included six components: review, presentation, guided practice,
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correction and feedback, independent practice, and weekly and monthly reviews. The

six elements were included in the lessons taught by Ms. Sanders and Ms. Harrison

during the observed unit.

Ms. Sanders and Ms. Harrison started each lesson in the unit by correcting the

previous night's homework and reviewing the previously learned concept. Both

teachers continued their lessons by stating the content objective and then explaining

or developing each of the content topics contained in the lesson along with examples,

which is characteristic of the second component of the explicit model, presentation.

The third and fourth components of the explicit teaching model were guided

practice and correction and feedback during guided practice. Both teachers

incorporated example problems applying each concept in the lesson, which were

solved with student input, but time was often a factor in the number of practice

problems used in the lessons and the amount of student input. The fifth component of

explicit teaching involved students in practicing the new concepts on their own. Ms.

Sanders and Ms. Harrison assigned homework problems after each new concept was

discussed. If time remained at the end of the period, students were allowed to work

on the problems and ask their classmates or the teacher for help when needed. If time

ran short at the end of class, students continued to practice on the assigned problems

independently as a homework assignment.

The last component of the explicit teaching model used weekly and monthly

reviews. Ms. Sanders and Ms. Harrison incorporated review days during the

observed unit to practice concepts from two or three sections that had been discussed,

and each teacher included a review at the end of the unit that focused on all of the

concepts in the unit.

Case I: Ms. Sanders

In the initial interview, Ms. Sanders stated that she relied on lecture and discussion

as her main style of instruction. She had incorporated other instructional strategies

into her teaching during previous units in the course, such as cooperative group
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activities, but preferred lecture and discussion. The method that Ms. Sanders used

primarily during the observed unit was direct instruction (Flanders, 1960), with a few

indirect characteristics. The direct teaching characteristics that Ms. Sanders exhibited

during instruction were lecture or clear explanations of the new content and giving

directions, and the indirect behaviors were asking questions during the lecture,

acknowledging students' ideas, and giving praise and encouragement to students

when appropriate. Ms. Sanders expected all of her students to actively participate

during her class by taking notes, listening, and asking or answering questions.

Several students in the class participated in discussions or asked questions on a

regular basis, but most of the students participated by listening or taking notes.

The following lines of transcript were included to illustrate the instructional style

Ms. Sanders used during content development in the unit. The lesson segment was

the first major action sequence during the lesson that introduced the area of regular

polygons, and follows the development of the formula for the area of an equilateral

triangle (Appendix E: Day 1: 1.1). Ms. Sanders had discussed homework from the

previous section, the presentation of new content started approximately 20 minutes

into the class period, and the lesson segment lasted approximately four minutes.

Students were taking notes and Ms. Sanders was writing on the overhead at the front

of the classroom. In the lines of transcript, "T" represents Ms. Sanders, "Class"

represents several students answering at once, and "Si" or "S2" represents individual

student responses in the order they occurred

T: ...areas of regular polygons and, first one we're going to talk about is um
the area of a equilateral ..equiangular..I don't care what you call
it..um...triangle, because that is a regular polygon, right? And when you do
that, here's a triangle here, and they give you all the sides, but they don't
give you the altitude. (T draws an equilateral triangle on the overhead)
Can you find it? Yeah, sure, you can find it but then you also..I'm going to
give you...what we'll do, we'll just do it. Here we have the altitude here
(draws in the altitude) and ..How are you going to fmd it first of all?
(student raises hand)
T: Yes (T calls on)
Si: Pythagorean theorem
T: Ummmmm..
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S2: (inaudible) 30-60-90 triangle
T: Thank you, we're going to use ....I'd rather use a 30-60-90 than the
Pythagorean Theorem. Okay, so that's what we're going to use is the
Pythag...or 30-60-90. (T labels the triangle while talking) This is 60
degrees, 30 degrees, so if this is..whole thing is s, this is s over 2, right, or
if this is s, this is half the hypotenuse, so it's s over two, so this right here
is going to be what..is going to be what..it is multiplied by square root of
S3: Two
T: Three. We have a choice of two of them, it's three okay? So this right
here is going to be s square roots of three all over two. So when you do the
area of this, you are going to say that the area is equal to the base..half of the
base which is s times the height which is s square roots of three all over two.
T: I'm going to show you the formula that you get to use with this but you
can always fmd it if you need it. Because...actually this is going to be the
formula we are going to use. How am I going to write this? Multiply across
the top, what do I get? Square root of three, how many s's? All over four.
That is the formula that you can use for an equilateral triangle if you are
given the sides, okay? Can you always just turn around and use the 30 -60-
90 if you forget the formula? Yeah..and um.. truthfully you guys this is the
first book I've seen this formula in. I've never used it before so obviously
you don't need it all the time, but um I found that last year after being given
this formula, whenever this was given I used it all the time..just because it
was easier.... I didn't have to..and I remembered it maybe possibly too, but I
didn't have to keep coming up with the altitude. So any time you are given
an equilateral triangle with the three sides, or one side because they are all
congruent, then you can use this formula. It's the same...does everybody see
how the 30-60-90 worked, because that's going to come in handy in just a
little while.

During the unit on perimeter and area of polygons and circles, Ms. Sanders used

four main types of instructional action sequences in her lessons: the presentation of

new content, the use of examples to illustrate and apply the new concepts, class time

to work on assignments, and discussing the previous day's homework assignment.

The first two types of action sequences, introduction of new content and examples,

correspond to the presentation and guided practice steps in the explicit teaching

model. To introduce the content in each of the lessons, Ms. Sanders started a

discussion of the content by relating the new concept to previous concepts that

students had encountered either in a previous course, in an earlier unit during this

course, or in an earlier section in the same unit. She then extended students'
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knowledge using the connections between the previously learned concept and the new

content.

While developing the formula for an equilateral triangle (Appendix E: Day 1: 1.1),

Ms. Sanders drew a triangle on the overhead, with each sided labeled as "s", told

students that they would be finding a formula for the area of the triangle given the

side lengths, and asked students if they could fmd the area with the given information.

Ms. Sanders used students' prior knowledge of special right triangles to fmd the

altitude of the triangle and knowledge of the formula for the area of any triangle to

develop the formula for the area of an equilateral triangle. During the lesson on area

of circles and sectors, Ms. Sanders had students recall the formula for area of a circle

and used the formula as well as students' previous knowledge of proportions and the

formula for arc length from the previous day's lesson to develop a formula for the

area of a sector of a circle (Appendix F: Day 1: 2.2).

Ms. Sanders directed the lessons and did the majority of the talking during

content development, but she did not present the content strictly in a lecture format.

She asked students questions that focused on leading them to the concept. After a

student answered a question correctly, Ms. Sanders followed up their answer with an

explanation directed at the rest of the class. The format was more of a directed

discussion or interactive lecture with opportunities for students to develop the

concepts, which in most cases were the area or perimeter formulas. In each of the

action sequences, after the new formula or concept was developed, Ms. Sanders

summarized or reflected upon the process, identifying the connections between the

previous and new concepts.

Ms. Sanders expected students to take notes during content development, and

wrote the notes for students on the overhead projector. She used diagrams in addition

to writing definitions or theorems in words and in symbols to help students visualize

the concepts and relationships between previous and current concepts in each of the

lessons. The action sequence for area of a regular polygon relied on the use of

diagrams to help students fmd the length of the apothem and side of the polygon so
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they were able to find the perimeter and area of the regular polygon (Appendix E:

Day 1: 3). Ms. Sanders started the action sequence by drawing a diagram of the

regular polygon, labeling the known information, and drawing a triangle oriented

such that the base of the triangle corresponded to a side of the polygon. This triangle

was used to help students find the measure of the central angle. Then the altitude of

the triangle (the apothem of the regular polygon) was drawn creating two right

triangles. Ms. Sanders drew and labeled another diagram of one of the right triangles,

so students could focus on the relationships needed to find the apothem or the side

length. Once the appropriate side length or lengths were found, Ms. Sanders related

this information back to the original figure, labeling the apothem and side length in

the diagram. These values were used to find the perimeter and area of the regular

polygon. During this time, Ms. Sanders also communicated each of the steps using

mathematical notation, and modeled how she would like the students to

communicate. The use of diagrams was an important component of the content

development, and were used in every lesson as a visual aid to help students

understand the concept being presented or to help students identify patterns visually.

After each new concept was developed, a series of examples was presented. The

examples were presented in an order that progressed from a direct application of the

concept or formula to multi-step problems and problems that incorporated real life

situations. For a concept Ms. Sanders felt was comfortable for students, such as the

area of an equilateral triangle, a single example was written on the overhead and

students were asked to try before discussing and solving it as a class. For more

difficult concepts such as the area of a sector and using the area formulas to find the

shaded region, there were more examples. During the area ofa sector action

sequence (Appendix F: Day 1: 3), Ms. Sanders started with an example that had

students finding the area of a sector given the information directly on a diagram. The

next example involved finding the area of a sector where students had to identify the

measure of the central angle from the diagram. The instructional method used for

each of these examples was to write the problem on the overhead and discuss how to
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approach the problem. Students had a chance to work on the problem, and then a

discussion of the solution followed where Ms. Sanders asked students how they set it

up or what the next step was. After fmishing the problems, discussions followed

about how to express the solution in exact form and as a decimal approximation.

The series of examples contained in the action sequence of finding the area of the

shaded region (Appendix F: Day 1: 4) were more difficult multi-step problems,

requiring students to use previous knowledge of area formulas, and to use the

diagrams to fmd lengths or measures needed for the solution. Three examples were

presented in the time remaining until the end of the period, and all of themwere

similar in type and the method of instruction followed the same pattern. The first

example problem asked students to find the area of a shaded region between a circle

and an inscribed equilateral triangle given the length of the radius. In order to solve

the problem, students had to use the radius to find the area of the circle and the

lengths needed for the area of the equilateral triangle, the apothem and perimeter.

Students then had to subtract the two areas, and then simplify the answer. Ms.

Sanders drew a diagram of the problem on the overhead and discussed an approach

that highlighted the area formulas needed for the problem. Through questioning and

discussion, she and the students found the area of the circle, reviewed and found the

area of the equilateral triangle, and the area of the figure. The process was recorded

on the overhead in a format students were expected to use when showing work on

problems. Ms. Sanders introduced notation to help students communicate their work

such as A(0) represented area of the circle, and organized the steps so students could

clearly follow the work. After the areas of both the circle and triangle were found, a

discussion of how to express the answer followed, reviewing how to simplify

expressions in terms of pi and that contained a radical. The next example followed a

similar pattern, with the exception that after the problem had been written on the

overhead and a plan for the solution discussed, students had time to work on the

problem before the solution was presented. The diagrams were important in the

solution process because they were used to fmd lengths or measures that were not
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given but needed to answer the problem, to help students organize their information,

and as a means to communicate their understanding along with the symbolic

representation.

During the unit, several opportunities were provided for students to work on

assignments during class time, the independent practice step in the explicit teaching

model. The second day of each of the analyzed lessons consisted of two main action

sequences, going over homework and time to work on another assignment to practice

the concepts in the section. Students were given the option of working independently

or with another student or group of students. Most of the students chose to work on

the assignments independently, but asked students seated near them questions when

needed. During this time, Ms. Sanders circulated throughout the classroom and

answered any questions. If several students had the same question, she focused the

class's attention towards the front of the room and either gave a mini-lecture on the

topic students were having difficulty with or worked through a particular problem.

During the action sequence in the first analyzed lesson, area of regular polygons,

several students were using trigonometric ratios to find the lengths of the apothem

and side on all of the problems. Ms. Sanders focused students' attention to the front

of the classroom and gave a mini-lecture to review the ratios of side lengths in special

right triangles, and advised students to use these ratios rather than trigonometric ratios

when possible (Appendix E: Day 1: 4.3). Ms. Sanders used mini-lectures when

students were struggling with concepts presented earlier in the course. If a number of

students had difficulty on a particular problem, Ms. Sanders focused their attention to

the overhead and worked through the problem in a discussion format.

The beginning of each class period started with a discussion of the previous

lesson's homework assignment. The majority of the homework assignments

consisted of approximately 25 problems chosen from the student's textbook to

practice the concepts. The problems were a mix of one-step, multi-step, and

application problems similar to but not exactly like the examples in class. Ms.

Sanders took 20 to 30 minutes at the beginning of each class period to discuss
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problems from the homework assignment. Students' completion of homework

problems corresponds to independent practice in the explicit teaching model, but the

discussion of the homework problems during class time was review. Students were

expected to try each of the problems, but ask questions about difficult problems

during class the next day. The instructional process Ms. Sanders used while

reviewing homework was a teacher-directed discussion format that included problem

solving and questioning focusing on applications of the concepts. Taking time to

discuss homework problems was an important part of instruction. The purposes for

discussing homework were to review the content, give students the opportunity to

communicate their strategies, identify students' misconceptions, and model the

problem solving process. The following excerpt from the transcript is a discussion of

a homework problem from the second content topic, area of circles and sectors

(Appendix F: Day 2: 3.3).

T: What's your question? Oh..okay, thirty...
S7: I didn't know how to get started on this one.
T: Okay, suppose a boat traveling along a straight line is illuminated by a
lighthouse for approximately 28 miles of its route, and if you notice here
you guys, right up here, they have a boat. (T draws the diagram from the
text, which is a lighthouse inside a circle representing the beam of light
from the lighthouse. A boat is drawn on a chord inside of the circle.) And
this..and they say this right here is 28 miles (chord). And so that's what
they are referring to is this boat that they have sitting here, okay? So, when
you do this, they want to know...what is the closest distance between the
lighthouse and the boat? What is the closest distance between a point and
a line?
S7: A straight line.
T: A straight line so in other words it could go like this. (T draws a
straight line from the boat to the lighthouse)
S7: Oh...perpendicular.
T: Perpendicular. Very good. It always has to be the perpendicular. So
they want to know what this is (points to the line representing the distance
from the boat to the lighthouse) and if this is 28, what's this?
S7: Wait...what...oh, does it bisect?
T: What's that?
S7: Does it bisect it?
T: Yep. It's going to bisect it. This is 14, what's this?
S7: Eighteen.
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T: Eighteen. Oh..you guys do that?
S8: How is that 18?
T: How is that 18? Oh..it is a right triangle. So you guys, what they're
asking you is to just go back and look at some stuff that we've done
recently in this chapter and basically, it's drawing the picture. You guys,
it's easier if you draw the picture for many of you just because it tells a
story. This time you had to have a picture because otherwise you sort
of..are not sure..what you guys are doing. And, so, does that answer your
question? So..Pythagorean Theorem.

The homework action sequences varied depending on the type and number of

questions students had, but Ms. Sanders held to a pattern of reviewing the problems.

The first few questions that students asked provided an opportunity to review the

concepts for the entire class, and the pattern of solving these problems was similar to

the process of working through the examples. Ms. Sanders read the problem and

drew the appropriate diagram on the overhead. Through questioning, she analyzed

the problem, worked through the steps, expressed the answer in exact and decimal

form, and then reflected on the process. The methods used in reviewing the

homework were consistent with the methods used in teaching the concept through

examples. Ms. Sanders modeled the communication she expected students to include

on their homework, such as providing a diagram to accompany all of the steps to get

to the solution. If students asked her how to do similar problems, she usually helped

them in setting up the problem without working through the entire solution.

An important result of the process of going over homework was to identify

students' mistakes or misconceptions. The majority of the questions students had

concerned problems that were either multi-step or real world applications of the

concept. Ms. Sanders often started the discussion process at the beginning of a

problem by asking the student with the question how they started the problem or if

they were able to start the problem, what specific question they had. During the

discussion of homework problems, Ms. Sanders checked back with the students who

had the original question to see if they had either found their mistake or if they had a

better understanding of the particular concept.
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During the lesson on area of circles and sectors, the second day's action sequence

of going over homework contained a discussion about two problems that involved

finding the shaded area of a figure where the shaded portion was the area of a sector

of a circle minus the triangle formed inside the sector (Appendix F: Day 2: 3.6). The

discussion was prompted by a student's question about how to find the area of the

triangles. She kept getting the problems incorrect and knew it had something to do

with the triangles. The first problem contained a 30-60-90 degree right triangle and

the ratio of the side lengths had to be used to find the altitude of the triangle. The

formula of area equals one half base times the height was used to find the area. The

next problem contained an equilateral triangle with one of the side lengths given, and

the formula used to find the area was the side squared times the square root of three

divided by four, which was the formula developed in an earlier section of the unit.

The student who asked the question used the area formula for a regular polygon,

which was one half the apothem times the perimeter. Through discussion and

questioning, Ms. Sanders helped the student find her mistake on the first problem.

The triangle was not an equilateral triangle, so the formula for area of a regular

polygon was not useful.

An event that occurred while discussing the second problem in the same action

sequence demonstrated how a student's mistake prompted an extension of the

content. The second problem contained an equilateral triangle, initiating a discussion

about whether the area formula for a regular polygon was useful. Ms. Sanders

worked through the problem following the student's steps, but ended up with a

different answer. At that particular moment, Ms. Sanders was not able to see why the

formula was not working, but the student found her mistake. She used the height of

the triangle as the length of the apothem in the formula. Ms. Sanders promised the

class to think about the problem while they were working on the practice worksheet

and return to the problem again after she had time to think. During the time the class

worked on homework, one of the students thought about the question in terms of how

the lengths of the altitude and apothem of an equilateral triangle were related and
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found a relationship that the apothem was one third the length of the altitude using a

theorem from earlier in the course. Ms. Sanders focused the class's attention on the

student's ideas and helped explain the relationship.

The episode in the lesson was important because it revealed how an experienced

teacher dealt with a question during instruction that she was not immediately able to

answer. Ms. Sanders first addressed the question to the rest of the class, and although

the student with the question was able to find her mistake, several other students were

still unsure. She let the class know that the question about how to choose the

appropriate area formula when finding the area of an equilateral triangle was

important and that investigating the relationship between the length of the apothem

and the altitude was also important. Ms. Sanders let students know that she was not

immediately able to identify the relationship and planned to address it later in the

class period after thinking about it. Her actions let students know that when the

solution to a problem was not immediately evident, it was acceptable to think about

the problem and return to it later, and also gave several of the more advanced students

an opportunity to think about relationships between the different triangle area

formulas.

Case II: Ms. Harrison

During the initial interview, Ms. Harrison stated that her primary instructional

strategies were questioning, using problems that extend students' knowledge, either

by extending a concept or challenging them in some way, and giving students

opportunities to present or explain the thought processes they used when solving

problems. She liked to have students work with each other, either with a partner or in

a cooperative group, but the physical space of her classroom combined with the

number of students in the class and the use of a more traditional textbook made it

difficult to incorporate group work. All of the lessons in the unit had characteristics

of a direct style of teaching, including lecturing and giving directions. The indirect

characteristics used questioning during lecture and acknowledging students' ideas.
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Students in Ms. Harrison's class were expected to participate by taking notes,

answering questions, and participating in discussions. Several students in the class

asked questions on a regular basis, and Ms. Harrison called on a variety of students

during class, but not all students had a chance to participate in the discussions during

the observed unit.

The following lines of transcript were included to illustrate the instructional style

Ms. Harrison used during content development in the unit. The lesson segment was

the first major action sequence during the lesson that introduced the area of regular

polygons, and follows the development of the formula for the area of an equilateral

triangle (Appendix G: Day 1: 1.2). The presentation of new content started

approximately 25 minutes into the class period, started with a review of area formulas

for basic geometric shapes, and this particular action sequence was about six minutes

of instruction. Students were taking notes on a notes outline provided by Ms.

Harrison, and she was writing on the overhead at the front of the classroom. In the

lines of transcript, "T" represents Ms. Harrison, "Class" represents several students

answering at once, and "S 1" or "S2" represents individual student responses in the

order they occurred.

T: Well today we're going to learn how to find the area of regular
polygons and not the easy ones. We're going to go into the... more
difficult..so, on this (referring to the notes outline), you already should
have written down base times height over two that (student name)
remembered for us. That's the area of any triangle so if you're trying to
fmd the area of a triangle you can use that. But, sometimes you don't
have enough information to use that and so there is a formula for the area
of an equilateral triangle, and we're going to review some stuff from
chapter 9. So, look down here at my triangle I have... that has all sides
equal to "s , okay?
And you know that if all the sides are "s", this is an equilateral triangle and
all the angles are equal, how much are they?
Class: Sixty
T: Sixty, sixty, and sixty, so write that in. Now if I want to use the formula
one half the base times the height, what if I use this for my base? What is
that base here?
Class: "s"
T: "S", so I can put an "s" here. But now do I have the height?
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Class: No
T: No, so let's draw in a little dotted height here, and let's figure out what
it will be. If this whole side was "s", and I dropped this perpendicular to
make that an altitude, how big is each piece here?
Class: Half
T: Half of "s" or "s" over 2, right? That works. How come do we know
that's true?
Class: Perpendicular ....
T: Right, because the perpendicular bisector in an equilateral cuts it into
two equal pieces, there. It makes two congruent triangles, right? We
learned how to do that in the triangle chapter. So now we have both of
these are "s over two". Now, if this angle up here was sixty, and I just
broke it into two equal parts, what's each angle?
Class: Thirty
T: Thirty. So now, do you remember we had rules for a 30-60-90
triangle? We have the 30 side was the short leg, the 60 side was the long
leg, and the 90 side is the hypotenuse. Okay, and so look at what we have
here. The hypotenuse is over here. If we're looking at triangle ABD,
there's the hypotenuse, and what's this? "S". What is side BD? It's the
30 degree or short leg and it is "s over two" or a half of "s". What have
we learned you do to the short leg to get the long leg?
S9: Multiply...
T: Multiply by...
S9: Square root of three
T: Square root of three. So we're going to take this short leg, "s over
two" and multiply it by the square root of three. That is the altitude, the
height, so I can come over here and write "s square roots of three over
two". Good. (T writes in formula on notes sheet). So look at....look at my
formula. The formula of this triangle is one half the base, well the base in
this triangle is just "s". The whole thing is "s". The height is "s over two
times the sheet). So look at....look at my formula. The formula of this
triangle is one half the base, well the base in this triangle is just "s". The
whole thing is "s". The height is "s over two times the square root of
three", so if I put this over one, I have three fractions to multiply. I can
multiply the top. What's one times "s" times "s" times "square root of
three"?
Class: S squared...
T: S squared times square root of three. Now what's on the bottom? Two
times one times two is..
Class: 4
T: Four. And so we get that the area of any equilateral triangle is side
squared, "s" is the side times the square root of three all divided by four.
That is a new formula for you. It comes from ...and ..letting the side be
"s" and using your 30-60-90 rules.



126

Ms. Harrison also had four main types of instructional action sequences in

her lessons: the introduction of new content, using examples to apply new

concepts, class time to work assignments, and reviewing the homework

assignment. The first two types of action sequences, introducing new content

and using examples to apply new concepts, correspond to the "presentation"

step in the explicit teaching model. The first main type of action sequence in

Ms. Harrison's lessons was the presentation of new content. Patterns existed

in her instruction in each of the action sequences, although Ms. Harrison used

a variety of instructional strategies throughout the unit. In all of the observed

lessons, Ms. Harrison handed out a notes outline of the section to be

discussed, and introduced the new content by reviewing concepts from the

previous section along with how the new content was connected to the

previous topic in the unit. Each of the action sequences contained some

review of a concept learned previously in the course or unit that was related in

some way to the new material.

At the beginning of the action sequence for developing the formula for an

equilateral triangle (Appendix G: Day 1: 1.1, 1.2), Ms. Harrison asked students to

recall as many of the basic geometric shapes along with the formulas for finding the

areas of each of the shapes. The formula Ms. Harrison needed for the development of

new content was the area of a triangle. She also used previous knowledge when

developing the concepts and continued the development of the formula for area of an

equilateral triangle by finding the area of an equilateral triangle with each side labeled

as "s", using the relationships in a 30-60-90 degree special right triangle. During the

lesson on area of circles and sectors, Ms. Harrison developed the formula for area of a

circle using the area of regular polygons inscribed in a circle (Appendix H: Day 1:

1.1). She started with the formula for the area of a regular polygon, one half the

apothem times the perimeter, and substituted the lengths of the apothem and

perimeter with the limit of the lengths of these as the number of sides of the polygon

increased, which were the radius and circumference of the inscribed circle.
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The development of each of the concepts in the lessons depended on extending

students' knowledge using several concepts they had previously learned. The

formula for the area of an equilateral triangle was developed using special right

triangles and area of a triangle, and the formula for the area of a regular polygon was

developed using the area of equilateral triangles. Ms. Harrison developed the formula

for area of a regular polygon using a hexagon, which was composed of six equilateral

triangles (Appendix G: Day 1: 3). She described the area of the hexagon as finding

the area of one triangle, one half the base times the height, and then multiplying by

six. The formula was developed using the fact that the height of one of the triangles

was the apothem of the polygon and the base of the triangle times the number of

triangles was the perimeter of the polygon. The action sequence for developing the

area of a sector relied on students' knowledge of the previous lesson's formula for

finding arc length in a circle because both formulas used a proportion and the

difference was that the ratio used area of a circle instead of circumference.

The primary instructional style that Ms. Harrison used during content development

was lecture with questioning to help students remember previous concepts and make

connections to new concepts. Ms. Harrison clearly explained the theorems and steps

leading to the development of new formulas. She checked of students' understanding

by asking them if they had questions after each content topic was presented. During

each observed lesson, only a few students responded by asking questions to clarify a

concept.

Ms. Harrison used a variety of other instructional strategies during her

presentation of new content throughout the unit. During the first lesson in the unit,

interior and exterior angle measures of polygons, she used a table that contained the

number of sides of a polygon, the number of triangles drawn fromone vertex inside

the polygon, and the measure of all angles in the polygon. Students identified the

pattern from the table and found the formula for the sum of angles in any polygon, the

number of sides of the polygon minus two times 180. Ms. Harrison used a concrete

example of a pentagon to demonstrate that the sum of the measures of the exterior
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angles of a polygon was always 360 degrees. She had the pentagon and each exterior

angle cut out of a piece of paper, which she displayed on the overhead and proceeded

to put each of the pieces that represented the exterior angles together to form 360

degrees. During the lesson on circumference and arc length of a circle, Ms. Harrison

had several students measure the circumference and diameter of different circular

objects and record their results when they took the circumference divided by the

diameter to demonstrate the meaning of pi and to develop the formula for

circumference of a circle.

Ms. Harrison expected students to take notes during content development, and

wrote the notes for students on her outline of the notes displayed on the overhead

projector, which they copied down in the appropriate spaces on their notes outline.

The outline contained diagrams in addition to the definitions or theorems written in

words and symbols to help students visualize the concepts and relationships between

previous and current concepts in each of the lessons. Ms. Harrison used diagrams in

every notes outline to help students visualize definitions, identify patterns, and to

understand the concept being presented. The action sequence for area of a regular

polygon relied on the use of diagrams to develop the formulas for both the area of an

equilateral triangle and area of any regular polygon. In the case of the regular

polygon, a hexagon was drawn and separated into six congruent equilateral triangles

so students could see that the polygon was composed of familiar figures. Other types

of diagrams were included in addition to geometric figures, such as tables to organize

information and diagrams to represent visual patterns. The explanations that Ms.

Harrison used to present new content were accompanied by the appropriate diagram,

and the explanations included labeling the diagrams so content was presented in three

ways at the same time, written, oral, and visual.

After Ms. Harrison presented new content, she used examples to show students

how the concepts were applied. A few carefully chosen examples accompanied each

new topic in the lesson, and these were included on the outline of the notes for each

section. The progression of examples ranged from a direct application of the new
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content to more difficult problems that used the concept in a different way. Three

examples were included after the development of the formula for the area of a regular

polygon, each using the concept in a different way (Appendix G: Day 1: 3.2). The

first example was to find the area of a hexagon given a specific side length where

students had to use 30-60-90 degree right triangle relationships to fmd the needed

lengths. The example was similar to the figure used to develop the formula, except

that the figure was labeled with an arbitrary side length. The second example was to

fmd the area of a regular pentagon given the radius. This example was chosen

because trigonometric ratios would need to be used to fmd the lengths of the apothem

and side of the pentagon. The third example was to fmd the area of an equilateral

triangle given the radius, which used 30-60-90 degree right triangle side relationships

again. This example, however, had an alternative solution using the formula for the

area of an equilateral triangle once the side length was found. The example was used

to demonstrate that there were two ways to find the same solution.

Ms. Harrison chose specific examples or side lengths given in the examples

because the steps used in simplifying the solutions served as a review of algebraic

properties. Ms. Harrison presented two examples after developing the formula for the

area of an equilateral triangle (Appendix G: Day 1: 1.3). Both examples were a direct

application of the formula since a side length was given. The first example had a

whole number as a side length to demonstrate an application of the formula, but the

second example contained a radical expression as a side length to review an algebraic

topic, simplifying an expression containing a radical.

In a few of the lessons, examples were chosen to demonstrate real world

applications of the concept. Ms. Harrison had not used examples with real world

contexts in the two lessons that were analyzed, but included real applications when

discussing content from the first section in the unit, the sum of the measures of the

interior and exterior angles of a polygon. One of the examples Ms. Harrison

presented was to find the measures of several interior angles ofa polygon-shaped

stage. Real world applications were not the focus during the development of the
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content, but each assignment included real world applications. These problems were

discussed when answering students' questions about the homework.

The instructional strategies that Ms. Harrison used while presenting examples

varied according to the type of example, how familiar students were with the content,

and the time remaining in the class period. The examples were part of the

instructional process, so a clear explanation accompanied many of them, especially if

the content was either new or difficult for students. The examples were used to

illustrate an application of the content, but also to model the thought process used in

solving the problem and how Ms. Harrison wanted the students to organize and

communicate their work on assigned problems. The example problems on the notes

outline for the area of regular polygon section included a diagram showing only the

polygon and some given length, each example requiring the same solution process.

Ms. Harrison solved each of the example problems by first drawing in all radii of the

polygon, finding the measure of the central angle, drawing in the apothem, drawing a

diagram of the triangle with the apothem and given length labeled, using an

appropriate trigonometric ratio or special right triangle to find the radius, apothem,

and side length of the polygon, finding the perimeter, and then substituting the

appropriate information into the area formula and simplifying the expression.

If the content topic was one that students were more familiar with, Ms. Harrison

involved several students in the solution process through questioning. Ms. Harrison

assumed her students were familiar with applying the formula for area of a circle

because it was likely they had learned it in a previous course. After developing the

formula for area of a circle, two examples were completed (Appendix H: Day 1: 1.2).

The first example was to find the area of a circle given the radius and the second

example was finding the diameter of a circle given the area. Ms. Harrison involved

several students in the solution processes by asking them to substitute the appropriate

values in the formula, help with each step in the problem-solving process, and express

the solution in the appropriate form.
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Ms. Harrison's presentation of examples often followed a teacher-directed lecture

with a few questions. There were several instances where students were more

involved in finding solutions to the example problems if several examples were

planned and if there was enough time during class. When several examples were

planned, Ms. Harrison usually presented the solution to the first example, and then

provided students time to try the next example problem before working through the

solution process. After most students had time to try the problem, Ms. Harrison

encouraged students to share their solution process.

Each day that new content was presented, there was about 10 minutes left at the

end of the class period to start the homework assignment. Only a few class periods in

the unit resulted in the content development lasting until the end of the period.

Students worked independently on their assignments but were able to ask each other

questions about the problems. The physical space in the room was crowded and as a

result, Ms. Harrison answered students' individual questions at the front of the room

instead of circulating through the classroom as they worked. Students used the time

provided to work on the assignments and were on task the entire period. Many

students chose to work on homework through the extra few minutes of the period

while the announcements were broadcast. The time in class to work on the

assignment, along with the time students spent outside of class on the homework

corresponded to the "independent practice" in the explicit teaching model.

The beginning of each class period was spent checking and discussing the

homework assignment from the previous day, corresponding to the "review" step in

the explicit teaching model. Ms. Harrison separated her homework assignments for

the two analyzed content topics into two or three assignments that progressed from

direct application of the concept to more difficult problems and real world

applications. The homework for the lesson on area of regular polygons started with a

worksheet containing eight problems containing regular polygons given either the

radius or apothem and students were to find the central angle, radius, apothem,

perimeter, and area for each of them. The second and third homework assignments
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were problems from the textbook. The first assignment contained problems from the

first portion of the exercises in the text, expecting students to find either the perimeter

or area of the given polygon. The second assignment contained problems from the

last portion of the exercises, with more challenging problems and real world

applications. Separating the homework into different assignments was an important

part of the instruction process because students had the opportunity to work on

problems that were progressively more difficult and gave Ms. Harrison the

opportunity to review difficult content by answering questions about homework

problems over a period of several days.

Ms. Harrison spent the first 20 to 30 minutes of each period on the previous day's

homework assignment. Students were expected to have their homework finished and

ready to grade at the beginning of class each day. The answers to the problems were

written on an overhead transparency and displayed the first few minutes of class so

students could check their own papers and prepare to ask questions. After students

had a chance to ask questions about problems they had difficulty with, the

assignments were collected. The purposes for going over homework were to review

the content, help students identify their mistakes, and give students the opportunity to

communicate their strategies. The following excerpt from the transcript demonstrates

each of the purposes of homework. The discussion took place during the section on

area of circles and sectors (Appendix H: Day 2: 1.3).

S2: Could you do 17?
T: Number 17.. Okay, number seventeen. The radius of this circle is 4.6
meters and they told you this and this and this angle were equal. So if
those three angles are equal, how many degrees in each one of them?
S2: 120
T: 120, very good. Okay, 120 degrees in each one of those. Okay, so
then they shaded in this sector and wanted it's area, okay, so remember the
formula. The area of the sector over the area of the circle, which is pi
times the radius squared has to equal the degree of the sector over the
degree of the circle. So these reduce to one third and you get "A" over
whatever...we're going to do this in a minute...4.6 times 4.6...21.16 and
now cross multiply and divide to get your answer. Did you have this set
up right?
S2: Yes, but my answer was wrong.
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S3: Yeah, I did that...
T: Okay so let's see if Ms. Harrison had something wrong and didn't fix
it. All right so we get 3A...let me see..did the directions say..yeah, fmd the
area of the shaded region. 3A equals 21.16 pi, so we divided both sides by
three. Now, did you try the decimal answer and it was wrong, too?
S3: (inaudible)
T: Yeah, it's 22.16...or 22.2. Oh...where's the answer sheet? What did
we have on there? I probably had the exact answer, because I told you to
do exact. I just wanted to know if you got it right one when you did the
decimal, but I didn't even have the decimal up there. Did the book have
the decimal in the back? Okay, how would you simplify this?
(T explains how to express the fraction in exact form). But..but did the
book have a different decimal than what we got?
S2: I didn't look
T: You didn't check. All right, that's how you get the exact answer. We
have to change things to fractions and then divide it out. It goes back to
our 7th and r grade fraction map. Yes (calls on S4)
S4: Could you have just found the area of the circle and divide by three?
T: That would work too. Yes, you could find the area of the whole circle
and divide by three. Isn't that what we did, basically?
S4: Right...Yeah
T: This is pi "r" squared divided by three, so that's basically what we did.
We just wrote all the steps in, okay?

The homework action sequences varied depending on the type and number of

questions students had. Typically, Ms. Harrison used the first few questions that

students had to review the concepts for the class. She provided an explanation while

writing down all of the steps for the solution, pointing out the important ideas. Ms.

Harrison modeled a problem-solving process on the first few problems. She read the

problem, drew the appropriate diagram on the overhead, analyzed the problem and

planned a solution strategy, explaining each step in the solution process, and

expressing the answer in exact form. If students had questions over problems that

were similar, she followed the same process, with the exception of stopping after a

solution strategy was discussed or an expression was set up that could be simplified to

find the answer.

After the first few problems were used to review content, Ms. Harrison involved

some of the students in the class through questioning to provide them with an

opportunity to communicate their strategies on homework. A few times during the
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unit, students who solved problems using different methods were able to

communicate to the class the strategies that resulted in the same solution. During the

first lesson of the unit on the sum of the measures of the interior and exterior angles

of polygons, one of the problems required finding the measure of a missing interior

angle. One student used the formula to find one interior angle to find the solution and

another student used the fact that an interior and exterior angle in a polygon were

supplementary and found the exterior angle instead. Each of the students was asked

to explain their solution. The explanations were followed by a discussion about why

both methods were correct, any why one method was more efficient. Although not all

of the students participated in the discussions about their problem solving strategies,

they had the opportunity to listen to their fellow students' solution strategies.

An important result of the process of asking questions was to help students

identify their mistakes. When a student asked a question, Ms. Harrison read the

problem, drew the diagram and asked the students how they started the problem. The

questions and discussion were often targeted towards the student with the question,

but if the student was not sure how to do the problem, the questions were targeted to

the entire class. In either case, Ms. Harrison checked back with the students who had

the original question to see if they either found their mistake or if they understood the

particular concept. In a few instances, Ms. Harrison referred students to their notes if

they had a question. For example, one student had a question about a homework

problem that asked to find the area of a sector. The problem was a direct application

of the area of a sector formula, so instead of solving the problem for the student, Ms.

Harrison suggested that he refer to the notes from that section and find the appropriate

formula.

The process of answering homework questions was efficient and did not take a

large amount of class time. Ms. Harrison explained one or two problems in detail but

focused instead on helping students with the question find their mistake or work

through just enough steps in the problem-solving process until they could finish it on

their own. Ms. Harrison answered one of each type of question and ifa student had a
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question on a problem that was similar, she referred them to the earlier problem and

had them try it on their own. If the students still had a question they could ask either

at the end of class or at another time. Students typically only had questions over three

or four problems from the assignment. In a few instances Ms. Harrison made a

mistake while working through a problem, but in each case a student pointed out the

mistake immediately and the problem was reworked correctly.

Discussion of Instructional Strategies Across Both Cases

Ms. Sanders and Ms. Harrison had many similarities in their overall instructional

styles. Both teachers exhibited a combination of direct teaching characteristics such

as lecture and giving clear directions, with indirect characteristics such as questioning

and listening to students' ideas during instruction. The instructional model that both

teachers followed was an explicit teaching model that included reviewing the

previous day's concept, presenting new content, presenting examples using the new

content, providing opportunities for guided practice and independent practice, and

reviewing concepts periodically throughout the unit. Both teachers used a teacher-

directed style of instruction that consisted of lecture and explanation. All students

had the opportunity to participate in class through taking notes, listening, and working

on examples or practice problems, but not all students participated by answering or

asking questions. In each of the observed classes, several students regularly

participated in the discussions. Ms. Sanders and Ms. Harrison called on both

volunteers and non-volunteers during questioning, but some students preferred not to

participate. Both teachers realized that only a few students in their class asked

questions, but the teachers used the students' questions as prompts to discuss content

topics or solution strategies in more detail.

Ms. Sanders and Ms. Harrison also had similar types of action sequences in their

lessons: developing content, examples, class time to work, and discussing

homework. The differences in the two teachers' instructional strategies were in the

action sequences that contained the development of content and presentation of
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examples. In the action sequences where new content was presented, both teachers

reviewed previous concepts and then extended the concepts. Ms. Harrison focused on

the connections between the concepts in geometry, and reviewed relationships

between lengths and measures in the figures while developing content. She also

included mathematical structure when presenting content, such as pointing out the

differences between a postulate, a theorem, or a corollary, and justifying the steps

used when developing a formula. Ms. Sanders developed the formulas as well, but

focused more on a conceptual understanding of where the formula originated and the

applications of the formulas.

The teachers' methods of presenting the new content differed. Ms. Harrison used

notes outlines she prepared ahead of time to guide the order of the presentation of

new content, and used more lecture and explanation than discussion when developing

formulas, which was an efficient use of time, since often time was left at the end of

class for students to start on their homework. Ms. Harrison also incorporated several

different instructional strategies throughout the unit, such as creating a table to fmd

patterns, a physical demonstration of the sum of the exterior angles of a polygon, and

an activity where students measured the circumference and diameter of different-

sized circular objects to develop the formula for the circumference of a circle and a

visual pattern of the area of a circle. Ms. Sanders presented the content on the

overhead while students took notes, and relied on her progression of questions to lead

students through the development of the concepts. The students had more of an

opportunity to participate in the development of the content, but not all students had

the opportunity to answer questions. Developing the concept through questioning

resulted in several unplanned discussions as a result of student comments or

questions.

Both teachers used examples to illustrate applications of the new content and

modeled the thought processes they wanted students to use when solving the

problems. Each teacher talked through the problem-solving process while solving as

well as modeling how she would like students to write their steps in the solution
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process. Ms. Harrison included the examples on the notes outlines, and they

progressed from direct applications of the content to more complicated multi-step

problems. Ms. Harrison presented the examples in a variety of ways, but usually

involved several students in the solution process through questioning. She chose

examples that had multiple solution paths, and either demonstrated the different

solution processes, or encouraged students to share their solution processes.

Ms. Sanders presented examples that followed the progression of direct

application to more complicated multi-step problems. She also created examples

during instruction in response to student comments or questions. She focused on the

use of representation in geometry as a problem solving strategy as well as a way to

communicate. Many of the examples and problems that Ms. Sanders demonstrated

started with drawing and labeling a diagram with known information, analyzing the

diagram to find any additional information, and then using the diagram to help solve

the problem. Ms. Sanders also presented different ways to solve problems. This

method was usually in response to a student comment or question. In many instances,

she encouraged the students to share their solution strategies.

Throughout the unit, both teachers provided opportunities for students to work

during class time on their assignments. They were available during this time to help

students who had questions. The students were given the option of working with

each other, but many chose to work independently, asking each other questions when

needed. Both teachers used the last type of action sequence, discussing the previous

day's homework, as an opportunity to review the previous day's concepts. Both

teachers encouraged students to ask questions and either helped the students set up

the problem or to find their mistakes. The difference in instruction during this action

sequence was that Ms. Sanders answered all of the questions that students had, which

took time, and Ms. Harrison limited the number of questions she answered during

class. Ms. Harrison's students seemed to have fewer questions about the homework

assignments. This may be attributed to the way in which Ms. Harrison assigned

homework. Instead of assigning one large homework assignment, she split the
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assignment into two or three smaller assignments that were progressively more

difficult.

Curriculum

The fourth research question was: What types of curricular or other materials

do experienced secondary mathematics teachers have access to and how do they

determine which materials to use for instruction? The curricular materials that Ms.

Sanders and Ms. Harrison had access to included materials provided by the textbook

company to accompany the geometry text, including the teacher's edition and several

soft cover books with practice worksheets for each section in the unit, extra example

problems for each section, and assessment materials.

Case I: Ms. Sanders

Ms. Sanders had access to all of the materials that were provided with the textbook

series. As her second year teaching at the target school, she did not have many

resources of her own to choose from. The materials she used during the observed unit

were the teacher's edition of the textbook, some of the example problems from the

soft cover book included with the textbook, and two worksheets that were created by

Ms. Harrison. The first worksheet contained problems asking students to find the

following given different regular polygons: the central angle, radius, apothem, side

length, perimeter, and area. The second worksheet contained real world application

problems using perimeters and areas of similar figures. Ms. Sanders did not use the

other materials provided by the textbook company because she preferred to write her

own tests and the students' textbook provided enough problems for practice.

During instruction, Ms. Sanders followed the order of the presentation of the

content in the textbook but did not always present the content in the same way. The

examples she chose to use during instruction came from a variety of sources that were

similar to the examples included in the students' textbooks. The teacher's edition of

the textbook included teaching tips for each section, extra examples, suggested
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assignments, and listed answers to all of the problems in the exercises. During the

unit, the materials that Ms. Sanders used for instruction included the overhead, a

rolling screen, pens, the front boards, and a calculator. When asked during the initial

interview what types of materials she had access to, she expressed that she had not

really needed anything yet and was still relatively new to the school, so was not sure

what materials were available for geometry.

Case IL Ms. Harrison

Ms. Harrison had a vast selection of materials to choose from. She had taught for

33 years and in that time taught geometry in several different ways, from the

traditional proof-based geometry to a reform-based approach that relied on group

activities to discover properties or theorems. She had a variety of resource or activity

books that focused on geometry as well as a variety of geometry manipulatives such

as pattern blocks. Ms. Harrison also had all of the supplementary materials provided

by the publisher of the textbook series they were currently using. She stated in the

initial interview that access to materials was not a problem; the issue was that there

were so many items from which to choose.

The materials that Ms. Harrison used most were the teachers' and students'

editions of the textbook. The notes outlines that Ms. Harrison made for students

followed the progression of the presentation of content in the textbooks, and her

examples were similar to, but not exactly like, several of the examples in the text.

The examples she chose came from a variety of sources, the teacher's edition, several

supplementary materials, as well as original problems she created to illustrate a

particular feature of a problem.

Ms. Harrison wrote her own quizzes and tests using a variety ofsources to find

problems. She also wrote two worksheets for students to use as homework

assignments. The first worksheet contained eight problems to practice fmding the

central angle, radius, apothem, side length, perimeter, and area of regular polygons.

The second worksheet contained real world application problems using perimeters
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and areas of similar figures. Ms. Harrison supplemented the textbook exercises with

these worksheets because they were two of the topics she identified that students

typically struggled with. The area of a polygon worksheet had students find all of the

information for each of the polygons needed to find the area, and the textbook

problems asked students to find the area without leading them through the process of

how to find the information needed for the area formula. The application problems

on the second worksheet focused students on using the proportions of perimeter and

area of similar figures to solve real world problems. Although there were several

group activities included in the textbook for the observed unit, Ms Harrison chose not

to incorporate them into her instruction.

Discussion of Curriculum Across Both Cases

Many similarities existed in the curricular materials that Ms. Sanders and Ms.

Harrison used during the observed unit. The district and school required the use of

the particular curricula series, and as a result, the textbook was the primary source

used for instruction and for assignments. Both teachers followed the progression of

content in the textbook, presented similar types of examples, assigned the same

problems from the student's textbook, and supplemented the exercises with a

worksheet. The textbook was written in a more traditional style, but included group

activities and problems in the exercises that incorporated communication and

reasoning. The majority of the types of problems assigned were direct applications of

the content. Neither of the teachers incorporated the group activities into instruction

during the observed unit.

Differences did exist in how the teachers used the first supplementary worksheet,

finding the central angle, radius, apothem, perimeter, and area of regular polygons.

Ms. Harrison used the worksheet as the first assignment in the section, before

assigning problems out of the textbook. The worksheet led students through the

process of finding all of the values they needed in order to find the area of a regular

polygon. Ms. Sanders assigned homework out of the textbook first, and when
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students were having difficulty with the textbook assignment, she taught the material

again the following day and assigned the worksheet for practice.

Modification of Instruction

The last supporting research question was: When and how do experienced

secondary mathematics teachers modify instruction to meet the needs of the students

and teacher? The purpose of this question was to investigate the types of events in

the classroom that caused teachers to change their initial instructional plans.

Triggering events such as a student's question, a mistake made by the teacher, or

student confusion can reveal information about the teacher's knowledge base.

Case I: Ms. Sanders

Ms. Sanders had not written detailed lesson plans for the unit but from experience

knew what she wanted to accomplish during the lessons. She had listed each day's

events on the pre-observation questionnaire, which showed her specific content

objectives, the flow of the presentation of the content, the types of examples she

needed to present so students would be prepared to do the homework problems; these

items helped her to stay focused on the content objectives during the class period. A

few times during the unit her instructional plan had to be modified to accommodate

the students' needs. Ms. Sanders modified instruction based on students' actions in

the classroom, students' questions, mistakes she made during instruction, and time

constraints. Many of the modifications made were minor, such as an added

discussion in response to a student question. Major modifications of instruction did

occur during the area of a regular polygon lesson as a result of a few triggering

events.

The first modification during the lesson about the area of regular polygons was

made in the action sequence where Ms. Sanders was presenting the formula to fmd

the area of any regular polygon. In the middle of the octagon example she used to

develop the formula for area of a polygon, she sensed that the students were confused.
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They understood the process of finding the central angle and apothem, but were not

sure why they were finding these lengths and measures. Ms. Sanders realized that she

had not yet discussed the "big picture" or talked about why the lengths and measures

were needed. She changed her instruction in the middle of the example from

developing the formula to presenting the formula so students would know why they

were finding the lengths.

T: Can we find the side? And we have to do that. In order to do this, I
need all this information. Let me give you the formula. I was going to
come up with it. The formula is area is equal to one half the apothem times
the perimeter. That's why I needed the central angle. I need it because I
needed to use cosine. The apothem I needed because of the fact that it
goes in my formula.

She also recognized that the example she had chosen to develop the formula involved

too many different ideas, such as using trigonometric ratios to find the apothem and

side lengths. Students focused on relearning previous knowledge instead of learning

how to use the information to find the area. She modified her examples by first

presenting an unplanned problem that contained the lengths needed for the formula so

students could focus on a direct application of the formula for the area of a regular

polygon. Ms. Sanders then presented another example using the same figure, but she

used different information so students needed to use trigonometric ratios to find the

necessary lengths for the area formula.

Toward the end of class, time was limited, and Ms. Sanders was not able to

present all of the examples she had planned. She addressed this topic the next day by

re-teaching the content using a different progression of examples to help the students

understand how to apply the formula. She started with examples that used special

right triangles and then progressed to an example that used trigonometric ratios. This

lesson was the only lesson where the development of the formula was not discussed,

and the focus was on applying the formula instead of understanding its derivation.

Another triggering event that caused Ms. Sanders to modify instruction during the

lesson on area of regular polygons happened during the same introductory example of

finding the area of an octagon. After the formula was presented to students, the
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perimeter of the polygon needed to be found; this situation involved finding a side of

the triangle (half of the side of the polygon), doubling the side length, and then

multiplying it by eight to find the perimeter of the polygon. Ms. Sanders forgot to

multiply the side of the triangle by two to obtain the length of the side of the octagon

but continued to work through the steps of the problem. She realized an error after

she entered the exact value into her calculator and came up with a different answer

than she had on her notes. One of the students caught her mistake and identified it.

Ms. Sanders explained to the class that the mistake could be fixed by multiplying the

answer by two. This event triggered an unplanned explanation of two ways to find

the perimeter, by either finding the side of the triangle and multiply by the number of

half-sides in the polygon or double the side of the triangle and multiply by the

number of sides in the polygon. Ms. Sanders explained that the same result was

obtained either way, but some students mistook the explanation as two different ways

to fmd the perimeter that resulted in two different answers.

At the conclusion of another example later in the lesson, one of the students stated

that she found the answer the "other" way and could Ms. Sanders please work

through the solution both ways. Ms. Sanders took the time to write down how both of

the expressions looked to help the student see they were the same. Several other

students had the same misconception, but this example seemed to help. Ms. Sanders

adjusted instruction the next day and chose to fmd the perimeter of the polygon by

finding the side length first and then multiplying by the number of sides. The

unplanned discussions in this lesson took time, resulting in a lack of time to complete

the planned examples. Ms. Sanders asked students to do their best on the homework

problems and told them they would spend another day on the content. She had

planned on students handing in the homework the next day but provided an extra day

for them to finish their homework after the second day of instruction.

The modifications made during the lesson on area of polygons were major but

important examples of how an experienced teacher handled a lesson that did not

happen as planned. Ms. Sanders was sensitive to students' confusion and modified
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instruction based on their needs. She knew that the small mistake of not doubling the

side length caused some student confusion and took the time during class to work out

a problem different ways to help them understand how to find the perimeter. She

encouraged students to try the homework and read the section in the textbook but also

gave them a few minutes the beginning of the next class period to voice their

difficulties with the homework. She taught the concept again using a series of

examples that used special right triangles and then trigonometric ratios. After she

was convinced that students had a better understanding of how to apply the formula,

she assigned a practice worksheet, let students work on the problems for the

remainder of the class period while she circulated to help them, and made both

assignments due the next day. Ms. Sanders had another Geometry 1-2 class

immediately after the observed class and made the adjustments in instruction for that

class. She wrote in her post-observation questionnaire that she modified her

instruction for the next class by using a different progression of examples, which

worked much better for them.

Case II: Ms. Harrison

Ms. Harrison had not written detailed lesson plans for the unit but had a notebook

that contained all of the assignment calendars, notes outlines, quizzes, tests and

activities from the previous years she had taught the same course. She modified these

lessons each year by changing the dates and assignments to fit her students' needs.

Ms. Harrison had been teaching the same course with the same curriculum for a few

years, so any modifications to instruction or assignments had been made.

All of the lessons contained in the unit were carried out as planned, so no major

modifications were made to instruction during the unit. Ms. Harrison limited the

number of homework questions she answered at the beginning of the period and had

enough time left in the class for notes or other activities such as organizing portfolios.

The outline of notes not only helped the students with their study skills but also

helped Ms. Harrison keep track of the content and examples she planned on
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presenting. Several small modifications were made on a daily basis as a result of

unexpected student questions or comments, but each of these questions was addressed

as they occurred. Through experience teaching the course, Ms. Harrison knew what

types of difficulties students had with the content and had modified instruction to help

students avoid misconceptions and used the time each day efficiently.

The only modifications needed during the unit were made because Ms. Harrison

had a substitute three of the days during the unit. She modified the weekly calendar

so that the new content would be presented on the days she was in class and the days

that a substitute was needed were reserved for either tests or were designated as work

days where students could work on assignments from sections where they had already

taken notes.

During the final interview, Ms. Harrison stated that no modifications were needed

during the unit. The students completed the unit and unit test successfully. She

stated that several students had perfect scores on the unit exam, and that the class

average was in the eighties for the exam, several points higher than previous unit

tests. She was pleased with her students' performance during the unit and on the unit

test.

Discussion of Modifications to Instruction Across Cases

Ms. Sanders and Ms. Harrison made few modifications during the observed unit.

However, differences existed in the types of modifications that they made. Ms.

Sanders was in her second year of teaching at the target school and was still learning

the curriculum as well as adjusting to a new teaching situation. The types of

modifications she made during the unit occurred during instruction and events that

triggered the modifications were student confusion, a student question that she was

not immediately able to answer, and a mistake she made during instruction. The

presentation of content for the majority of the lessons in the unit was carried out as

planned. During the final interview, Ms. Sanders stated that she would modify how

class time was spent for the next unit. Students were asking lots of questions about
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the homework during the observed unit, using a large portion of class time to answer,

and left little time for the presentation of new content. She planned on limiting the

time students had to ask questions about the homework during the next unit.

Ms. Harrison made few modifications during the observed unit. The modifications

she made during instruction were minor, such as choosing to delete an example due to

lack of time at the end of the period. She modified the materials and activities from

her previous lesson plans based on the notes she had written on them in previous

years, and made adjustments to fit her current classroom context. The only

modifications that Ms. Harrison made were to the assignment calendars to

accommodate her absences for three days during the unit.

One of the factors, besides experience, that may have contributed to the

modifications that Ms. Sanders had to make during instruction was that she did not

write lesson plans. Ms. Sanders had an idea of what she wanted to present each day

and had chosen examples, but had no formal lesson plans. She expressed that filling

out the pre-observation questionnaires each day during the unit was helpful because

she took time to focus on the objectives and activities for the next day's lesson.
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CHAPTER V: SUMMARY AND CONCLUSION

The purpose of this study was to investigate the classroom practices and

knowledge bases of two highly qualified experienced secondary mathematics teachers

within the context of their classrooms. Two teachers who taught at the same high

school, Ms. Sanders and Ms. Harrison, were observed for approximately three weeks

teaching a unit in a geometry course that dealt with the area and perimeter of

polygons and circles. The two teachers were selected for this study based on their

experience levels, education levels, and success in the classroom. Detailed case

studies were developed for each of the teachers that contained information about their

teaching contexts, conceptions of mathematics, instructional goals, instructional

strategies, use of curricular materials, and any modifications to instruction. The

primary sources of data used to create the case studies included an initial interview,

classroom observations, pre and post-observation questionnaires, detailed analyses of

lesson segments that dealt with two content topics within the unit, and a final

interview at the conclusion of the unit.

The previous chapter contained discussions of the results of five supporting

research questions that were investigated in order to find evidence to support the

conclusions made in this chapter about the teachers' classroom practices and

knowledge bases. The five research questions were:

1. What are experienced secondary mathematics teachers' conceptions of
mathematics and teaching and learning mathematics?

2. What are experienced secondary mathematics teachers' instructional goals and
how are these related to their conceptions of mathematics? [long term
(course), medium term (unit), short term (lesson)]

3. What types of instructional strategies are used by experienced secondary
mathematics teachers, and how are their choices affected by the context of the
classroom and content topics?

4. What types of curricular or other materials do experienced secondary
mathematics teachers have access to and how do they determine which
materials to use for instruction?
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5. When and how do experienced secondary mathematics teachers modify
instruction to meet the needs of the student and the teacher?

This chapter contains the conclusions made about the teachers' classroom

practices and knowledge bases from the information provided by the five supporting

research questions. The chapter begins with a discussion of the teachers' classroom

practices that may be described as more traditional or more reform-based and the

factors that affected the decisions the teachers made regarding instruction. The next

portion of the chapter examines the knowledge bases of the teachers, which includes a

discussion of characteristics of their subject matter knowledge and pedagogical

content knowledge. The third portion of the chapter discusses the implications of the

study's results in the areas of professional development and teacher preparation in

secondary mathematics education. The chapter concludes with a discussion of the

strengths and limitations of the study as well recommendations for further research.

Instructional Practice

The review of relevant literature described two contrasting ways of thinking about

instruction, traditional and reform-based. Traditional classroom practices were

described as teacher-directed explanation or discussion about the new concepts,

followed by independent seatwork where students had the opportunity to practice the

new concepts using sample problems (Fey, 1979; Stigler & Hiebert, 1997). The

instructional styles of Ms. Sanders and Ms. Harrison during the observed unit were

primarily traditional. The sequence of events in both teachers' classrooms during a

typical day closely followed an explicit model of teaching (Rosenshine, 1986):

discuss the previous day's homework assignment, develop new content through

lecture and teacher-directed discussion and examples, assign homework problems

from the textbook to practice the concepts, and use time left at the end of class to

work on the assignments independently. Reviews of the content were scheduled

periodically throughout the observed unit. Rosenshine (1886) described the explicit

model of teaching as an effective model for teaching mathematical procedures and

computations. He associated the explicit model of teaching with information-
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processing research that suggested the importance of presenting smaller pieces of

information at any one time, allowing time to practice, and the importance of

continuing practice until all students understand. The information processing

perspective of learning and classroom practices associated with this perspective are

considered more traditional (Anderson, Reder & Simon, 1996).

During instruction in the observed unit, each of the teachers had an instructional

style that contained characteristics of both indirect and direct teaching (Flanders,

1970). Ms. Sanders and Ms. Harrison taught new content in a directed lecture or

discussion format that contained clear explanations of the content accompanied by

questions designed to lead students through the development of new ideas or

applications of new ideas. Students were encouraged to ask questions and make

comments during instruction, but both teachers had focused content objectives they

wanted to accomplish during the lessons.

The instructional styles of Ms. Sanders and Ms. Harrison were primarily

traditional, but a more detailed examination of the action sequences in each teacher's

lesson segments revealed some reform-based characteristics in their instruction.

Reform-based pedagogy focused on teaching mathematics for understanding, which

included the acquisition of mathematics concepts, skills, and processes. NCTM

(2000) described effective instructional programs as those programs that included the

mathematical processes, problem solving, proof and reasoning, communication,

connections, and representation. Both teachers incorporated some of these processes

in their classroom practice to some degree.

NCTM characterized instructional practice that incorporated problem-solving as

providing students with opportunities to build new knowledge, solving problems in a

variety of contexts, applying a variety of strategies to solve problems, and monitoring

and reflecting on the problem solving process. Ms. Sanders and Ms. Harrison

presented examples during instruction in a teacher-directed discussion format and

modeled problem solving by talking through the thought processes and asking

students questions while working towards a solution. The pattern each teacher used
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was to pose a problem, draw and label an appropriate diagram, analyze the problem

through a discussion, decide on a solution strategy, work through the steps in the

solution process, and express the answer in an appropriate form. Neither of the

teachers included opportunities for students to engage in the problem solving

processes described by NCTM during instruction. Although the textbook included

many activities and rich problems, not enough time existed to incorporate extras into

instruction.

The second mathematical process, reasoning and proof, as recommended by

NCTM indicated that instruction needed to include making and investigating

conjectures, developing and evaluating proofs and mathematical arguments, and

using various types of reasoning and methods of proof. Geometry is typically the

course where students are exposed to formal and informal mathematical proofs that

use properties and theorems to justify statements leading to a result in a logical

manner. The observed unit contained many theorems or formulas used to find the

perimeter and area of circles and polygons. Ms. Sanders and Ms. Harrison focused

on the importance of theorems and properties each time they developed a particular

area or perimeter formula for a general case. A few instances occurred where the

formulas were developed through patterns of specific cases leading to a general case,

which focused more on the reasoning process. Students were not required to write

any formal or informal proofs during the unit but were expected to apply the concepts

in a variety of ways and be able to provide justifications for their steps in the solution

process during classroom discussions.

NCTM's third process standard, communication, recommended that instruction

include opportunities for students to use communication to organize their thinking,

communicate their thinking clearly to others, analyze and evaluate other students'

strategies and thinking, and use the language of mathematics. Both of the teachers

provided students with the opportunity to express their ideas and strategies through

questioning during instruction. When appropriate, both teachers asked students to

provide a justification for their comments or answers. The majority of the students'
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communication was written in the form of homework assignments, quizzes, and tests.

Students were not given opportunities to communicate with each other during class to

engage in discussions about mathematics.

The next process standard, connections, recommended that instruction enable

students to recognize connections among ideas in mathematics, recognize and apply

mathematics in contexts outside of mathematics, and understand how mathematical

ideas build on one another. Both teachers incorporated aspects of the connections

standard into their instruction through the extension of students' prior knowledge to

develop new concepts during content development. The development of each of the

formulas in the unit relied on concepts presented earlier in the course, and both

teachers started each new content topic with a review of previous knowledge that in

some way related to the new concept. Also, connections were made within the

different subject areas such as using trigonometry and algebra to solve problems in

geometry. Both teachers incorporated a review of algebra into the unit by choosing

examples that applied the concepts from geometry, also requiring algebraic skills

such as simplification of radicals or reducing rational expressions to find a solution.

One of the overarching goals that both teachers had for their students was to

recognize that geometry had many applications in real life, and as a result, they

incorporated real world examples into their instruction and assigned homework

problems that required the use of geometric concepts in real world contexts.

The last process standard listed by NCTM as an important component of

instruction was the use of representation to organize, record, and communicate ideas.

Students needed the ability to select appropriate mathematical representation when

solving problems and use representations to model and interpret physical, social, and

mathematical phenomena. Both teachers relied on representation in all aspects of

their instruction. During content development, representations in the form of

geometric figures were used to depict definitions and relationships in geometry and

representations in the form of tables were used to develop patterns. Representations

were used in the problem-solving process to understand the problem as well as to find



152

any relationships that were present but not given in the problem. The first step in the

problem-solving process was to draw and label an appropriate diagram with the

information given in the problem, whether the problem was a direct application of the

concept, a multi-step problem, or a real world application. Both teachers expected

their students to communicate their solution process using both a diagram

appropriately labeled and symbolic representation of all the steps used in solving the

problem.

Ms. Sanders and Ms. Harrison had similar instructional styles, but were also

different in the types of mathematical processes emphasized during instruction. Ms.

Sanders emphasized the use of diagrams and representation as a problem solving

strategy and included the use of diagrams in all aspects of instruction. Ms. Harrison

focused more on the connections between the different areas of mathematics and

included ideas from calculus as well as ideas from trigonometry and algebra into her

instruction in which the presentation and development of the formulas in each section

depended on the mathematical connections between ideas.

The classroom practices of both teachers can be described as primarily traditional

with some reform-based characteristics because each teacher incorporated the

processes of mathematics within teacher-directed instruction. The teachers modeled

some of the mathematical processes during class through lecture and discussion, but

the recommended reform-based instructional methods such as cooperative learning

and the use of technology were not incorporated into their instruction during the

observed unit. Reform-based pedagogy is based on the constructivist perspective that

students need to actively participate in order to learn (Cobb, Yackel & Wood, 1992).

Students were not given the opportunity during class to think about rich problems,

work cooperatively on problems designed to extend their knowledge of mathematics,

make or test conjectures, or to engage in discussions about their solution strategies

with each other.

Ms. Sanders and Ms. Harrison were aware of reform-based instructional styles,

and both teachers had incorporated several strategies such as cooperative group
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activities into their instruction during previous units in the geometry course. Several

factors contributed to their decision to follow a more traditional style of instruction.

The first factor was the curriculum adopted by the district as a result of the state

assessment standards. The curriculum contained many topics and both teachers stated

that they felt like they had to rush through the content to teach all of the topics listed,

and the lecture or discussion method of instruction was the most time efficient way to

make sure that all of the standards were taught in the course.

The second factor that affected both teachers' instructional styles was the number

of students enrolled in the observed geometry class as well as the total number of

students enrolled in all of their classes. Enrollment at the targeted high school had

been growing, which resulted in increased class sizes. The observed geometry classes

had 36 and 37 students enrolled, and both teachers stated that the physical spaces of

their classrooms limited the type of activities that they were able to incorporate in the

courses. In addition, all of the classes that both teachers taught during the day had

between 35 and 40 students enrolled, which meant contact with 150 to 180 students

per day. Both teachers had developed efficient classroom systems and pedagogical

routines to manage the large amount of paperwork generated from homework,

quizzes, tests, progress reports, and other tasks that were a part of their daily

activities, but the paperwork took time. Due to the large enrollment at the school,

other classes were taught in each of the teacher's classrooms during their preparation

period, making it difficult to prepare for classes since the materials and computer

workstations were in the classrooms. As a result, little time during the day was

available for the teachers to plan and organize materials for instruction.

During the final interview, both teachers were asked what their ideal teaching

situation was and if it were possible to arrange the ideal situation, how they would

adjust their instruction. Ms. Sanders described her ideal situation as one in which

students enjoyed the class and completed their assignments. She stated that she

would not change her style of instruction because she preferred lecture and discussion

and although she had incorporated a few group activities earlier in the course, she was
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more comfortable with the traditional style of instruction and her students seemed to

respond well to more traditional methods. Ms. Sanders expressed some frustration

with the observed class because they did not perform as well on the unit assessment

as she had expected, and felt that the reason for this lack of performance was because

the students were not completing homework or working as hard as they needed to be

successful.

Ms. Harrison stated in the initial interview that she preferred the reform-based

curriculum the district used in previous years that was designed for students to work

cooperatively and discover many of the theorems through explorations. She

incorporated several group activities into the observed geometry course throughout

the year, but due to lack of time, her main style of instruction was more traditional.

During the final interview, Ms. Harrison stated that the perfect teaching situation for

her was a class with no more than 24 students enrolled and a physical space large

enough to accommodate tables so she could use cooperative group instruction. She

stated that the ideal curriculum would have about half the topics included so she

could teach the classes in the way she felt they would learn best, which was by

involving the students more in their learning and using rich problems for students to

extend their knowledge of mathematics. The students in Ms. Harrison's class

performed well on the unit assessment, indicating the traditional style of instruction

was successful for her. During the unit, Ms. Harrison stated that although she

preferred to incorporate more reform-based strategies, when time became a factor or

when her schedule was busy, she relied on the teaching methods she had found to be

"tried and true" from experience, which were primarily traditional.

Student success in both Ms. Sanders' and Ms. Harrison's classes was defined by

how well the students performed on the unit assessments, which contained problems

similar to the problems presented in class and practiced on the homework

assignments. The content presented during the unit was determined by the district

and school curriculum guide, which was aligned with the state content standards for

geometry. The number of students who passed the state standardized assessment,
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which was primarily a procedure-based assessment, defined student success at the

target school. Reform-based documents (NCTM, 2000) define student success as

developing not only facility with mathematical procedures, but also developing the

habits of mind associated with mathematics such problem solving and reasoning.

Knowledge Base

Subject Matter Knowledge

Grossman (1990) defined content knowledge as the knowledge teachers had about

the subject matter they were teaching as well as pedagogical content knowledge, or

the specialized knowledge needed to teach mathematics. Ms. Sanders and Ms.

Harrison were selected to participate in this study because they had both completed at

least a bachelor's degree in mathematics or mathematics education, which indicated

that they both had strong mathematics backgrounds. In order to investigate the

teachers' knowledge of the mathematics they were teaching, they were observed in

the context of their classrooms.

Ms. Sanders and Ms. Harrison exhibited actions in the classroom that indicated

they had a strong conceptual and procedural knowledge of the topics that were

included in the unit on area and perimeter of polygons and circles. Both teachers

developed the area and perimeter formulas during instruction by connecting the new

information to previous ideas instead of presenting the formula and expecting

students to memorize and use it. Classroom observations revealed that both teachers

were able to identify students' misconceptions (Swafford, Jones, & Thornton, 1997),

and responded by revising instruction to accommodate them (Fernandez, 1997).

During the initial interview, Ms. Sanders and Ms. Harrison stated that in previous

years students had misconceptions about finding the area of regular polygons. Both

teachers revised their instructional strategy for this topic by taking more time to

develop the concept, providing more examples, and providing extra practice.

Both teachers were able to respond to students' questions, create examples before

and during class that illustrated the points they wanted to make, and used students'
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ideas and strategies during instruction (Fernandez, 1997). Ms. Sanders and Ms.

Harrison prepared example problems ahead of time to illustrate different applications

of the concepts they taught. Several times during the unit students were given the

opportunity to work on an example followed by a class discussion of the solution that

involved asking students how they solved the problems. In a few instances, different

strategies were used to solve the same problem and both teachers gave students the

opportunity to share their strategy with the class verbally. Ms. Sanders and Ms.

Harrison created examples in response to student questions during class, which

suggested that they understood the content well enough to be able to create an

example that illustrated the component of the content students were having difficulty

with. Both teachers also pointed out the connections between the current content

topics students were learning with previous topics as well as topics students would

encounter in later classes.

Ms. Sanders and Ms. Harrison clearly had an understanding of the content they

were teaching in the observed unit, but the two teachers had different backgrounds

and experience levels in the subject of mathematics, which resulted in differences in

some areas of their conceptions of the subject of mathematics. Ms. Sanders

completed a bachelor's degree in mathematics education and had completed several

professional development activities throughout her nine-year career as a secondary

mathematics teacher, but had not taken graduate courses in the subject of

mathematics that focused on geometry. Her conception of mathematics as a field of

study was that it was static, and that most of mathematics had already been

discovered, with the exception of a few theorems that had not been proven yet.

Previous research suggested that experienced teachers had a more conceptual

knowledge of the content they were teaching, but that their knowledge resembled

what was contained in secondary mathematics curricula (Even, 1993; Stump, 1999).

In the case of Ms. Sanders, this result seemed to be true. The field of geometry in

recent years had made several advancements, which included fractal geometry, non-

Euclidean geometries, and applications of graph theory. Ms. Sanders had not likely
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encountered recent topics in the field of geometry unless she read professional

journals, took an advanced level course in geometry or attended a professional

development activity focusing on the topics.

Ms. Harrison's background in mathematics included a Master's degree in

mathematics education as well as numerous hours of professional development in

mathematics and mathematics education. She viewed the subject of mathematics as a

dynamic field and mentioned fractal geometry and chaos theory in her initial

interview. She stated that many advances in the subject of geometry had happened

since she started teaching 33 years ago, although the topics in the secondary

curriculum had remained much the same. Ms. Harrison felt she did not completely

understand the recent advances in the subject, but she was aware of them.

The differences in the teachers' subject matter backgrounds were not evident

during instruction, but the differences in the types of classes they had previously

taught affected the content topics emphasized during class. Ms. Harrison had

experience teaching the more advanced classes such as pre-calculus and linked some

of the ideas taught during the unit to concepts that students would encounter in more

advanced courses such as pre-calculus and calculus. During instruction, Ms. Sanders

emphasized some of the algebra skills students needed in the next course they took, a

second-year algebra course, which was the most advanced course she had taught at

the secondary level.

Pedagogical Content Knowledge

Pedagogical content knowledge referred to specialized knowledge for teaching,

and Grossman (1990) described conceptions regarding the purposes of teaching

subject matter as a component of pedagogical content knowledge affecting the other

components, knowledge of students' understandings, misunderstandings, curricula,

and instruction. Ms. Sanders' and Ms. Harrison's actions in the classroom suggested

that their conceptions of the purpose of teaching the content in the observed geometry

course were for students to pass the mathematics portion of the state standardized test,
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to prepare students to be successful in the next mathematics course, and prepare

students to be successful in their post-secondary mathematics courses. In order to

prepare students for the state standardized test, the content topics listed in the

district's curriculum guide were taught before the end of the spring semester of the

students' sophomore year. Both teachers followed the district curriculum and were

teaching the same content topics at approximately the same time throughout the

school year. The large number of topics included in the curriculum affected both

teachers' instructional decisions because little time was left in the school year for

other topics or to take time to incorporate activities within the course. One of the

findings in the Third International Mathematics and Science Study (TIMSS) was that

the curriculum in the United States covered many topics, but focused on a narrow

band of skills within the topics (Stigler & Hiebert, 1999). The large number of topics

resulted in each topic being taught without depth.

During the observed unit, Ms. Sanders and Ms. Harrison incorporated elements

into their instruction to prepare students for the next class they planned to take, a

second-year algebra class. Both teachers included instruction in algebraic topics to

help students review and remember their algebra skills. Some of the algebraic skills

that the teachers reviewed and incorporated into the geometry topics included solving

linear equations, solving systems of equations, simplifying rational expressions, and

simplifying radical expressions. Both teachers also incorporated study skills into

their classes to help students succeed in any mathematics class they took after

geometry. The majority of the students who were enrolled in the observed classes

planned on furthering their education after high school and took the class to meet

university admission requirements. Ms. Sanders and Ms. Harrison included study

skills as part of their instruction to help students learn how to take notes, study for

quizzes and tests, and to use their available resources such as the textbook or tutoring.

Pedagogical content knowledge included knowledge of students' understandings

of the topics within a subject as well as their misunderstandings. Ms. Sanders and

Ms. Harrison planned their instruction based on their knowledge of students'
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understanding of the topics in the observed unit, and this knowledge was based on

previous experience. Both teachers had taught the geometry previously, but had also

taught beginning and second-year algebra courses that students traditionally took

before and after geometry. The teachers had knowledge of the topics students had

previously encountered in other classes as well as in geometry before the targeted

unit. During instruction, both teachers spent less class time discussing the topics

where students typically succeeded and presented only a few examples during content

development. One of the content topics that both teachers found to be difficult for

students in the observed unit was finding the area of regular polygons. Plans for

instruction in this area included multiple days for instruction, more examples, and

multiple assignments for student practice. Although both Ms. Sanders and Ms.

Harrison knew that students had difficulty fmding the area of polygons, neither

teacher knew exactly why students found the topic difficult. In order to help students

understand the topic of fmding the area of regular polygons, both teachers presented a

step-by-step procedure to follow and incorporated more examples into their

instruction to demonstrate how to find the area for different types of regular polygons.

Knowledge of curricula in the subject area was identified as another component of

pedagogical content knowledge. Based on their responses to questions about

curriculum topics in the initial interview, Ms. Sanders and Ms. Harrison were aware

of the recommendations made by NCTM concerning geometry topics to be included

in the secondary curriculum, were familiar with the state and district requirements

concerning curriculum, and used a textbook series aligned with these requirements.

Both teachers taught the topics required by their district in their classes, which left

little or no time to include topics they felt were interesting or important. During the

observed unit, both teachers followed the curriculum topics in the textbook and used

the textbook as the primary source for planning instruction, finding example

problems, and assigning homework. The review of relevant research suggested that

teachers who followed the textbook had a more procedural knowledge of the subject

they were teaching (Howald, 1998; Scholz, 1996). In this case, Ms. Sanders and Ms.
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Harrison followed the content topics in the textbook because their district adopted the

textbook as the required curriculum.

The last component of Grossman's (1990) model of pedagogical content

knowledge was instructional knowledge related to specific content. The instructional

style that Ms. Sanders and Ms. Harrison chose to use was a more traditional, teacher-

directed style of instruction; but within that traditional style, both teachers used

several different instructional strategies. The strategies that both teachers

incorporated into their instruction were: using patterns to develop abstract formulas,

using students' previous knowledge to introduce and expand mathematical concepts,

involving students through taking notes and participating in discussions, modeling the

processes of mathematics while solving examples and going over homework

problems, and choosing tasks for students designed to apply the concepts in a variety

of contexts, including real world contexts. In addition to these strategies, Ms.

Harrison used a physical demonstration of a theorem, involved students in a

measuring activity to develop a formula for the area of a circle, and included some

history of mathematics when introducing concepts.

This study suggested that although the teachers had the knowledge of reform-

based instructional methods as well as strong content knowledge, the traditional

method of lecture and discussion was used, with the incorporation of reform-based

processes in a manner that time allowed. The teachers chose to incorporate the nature

of mathematics by modeling the processes of mathematics instead of actively

involving students in understanding the process of mathematics by solving rich

problems, making and testing conjectures, or developing the concepts through

discussions with each other. The number of different classes each teacher taught

along with the number of students and other demands of the job such as committee

meetings, department meetings, and other professional activities, made time a factor

in all aspects of the profession.
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Limitations of the Study

This study was designed to investigate the classroom practices and knowledge

base of two experienced secondary mathematics teachers. Several limitations

occurred in this study. The first limitations were in the areas of replication and

generalization, but these limitations were based on the qualitative method and case

study design chosen to investigate the classroom practices and knowledge base of

specific experienced teachers in the context of their classrooms. The results reported

were only applicable to the contexts and events that happened in the two teachers'

classrooms during the three weeks of observation. Detailed descriptions of both the

research method and case studies of the teachers were included in this study to

provide as much information as possible for future research in different contexts with

different participants.

The next limitation in this study was the focus on a particular population of

students enrolled in a geometry class. The target school offered two different courses

in geometry, one for non-college bound students (Foundations Geometry) and one for

students intending to continue their education after high school (Geometry 1-2). The

majority of the students in the observed Geometry 1-2 classes were taking the class

because it was a university entrance requirement and as a result the students were

motivated to succeed, none of the students were receiving academic assistance, and

few discipline issues arose during the observed unit. The instructional strategies that

Ms. Sanders and Ms. Harrison used were successful with the students in their

Geometry 1-2 courses, but the characteristics of the students in the course were not

representative of the characteristics of all students taking a geometry class at the

target school. However, more students were enrolled in the 12 sections of Geometry

1-2 classes at the target school than in the five sections of Foundations Geometry

classes.

Another limitation of the study was that the data were collected during a three-

week period at a particular time of year to a unique group of students during a

specific unit in a geometry class. The patterns that emerged from the models of the
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lessons described the teachers' instructional strategies and practices during the

observed unit, but do not necessarily extend to their instructional practices at other

times during the school year, with different groups of students, or with different

levels of students. Schoenfeld (1998, 2000) stated that the teaching-in-context model

was not a general model of a teacher's decisions during instruction, but was a good

predictor of what instructional decisions the teachers would make under similar

circumstances. In order to strengthen the results reported in this study, the teachers

were observed daily and the patterns that were reported emerged from the observation

of many lessons instead of only those lessons targeted for detailed analysis.

Some aspects of the data collection process were limiting factors in this study.

Ms. Sanders was nervous about being videotaped, affecting her instruction during the

first few lessons in the unit that were observed. She was aware of the camera and the

researcher in the classroom, and her nervousness at the beginning of the unit may

have contributed to her discomfort when she made mistakes during the first lesson

targeted for further analysis. Some of her decisions during instruction in the

beginning of the unit may have been affected by her knowledge that she was being

videotaped.

The data collection process of completing pre and post-observation questionnaires

affected the way that Ms. Sanders planned for the lessons taught during the unit. She

mentioned that the questionnaires were beneficial because they provided an

opportunity to reflect on the lessons she taught as well as take time to plan for the

next lesson. Ms. Harrison was busy with professional development activities as well

as other commitments during the observed unit. As a result, she only had time to fill

out about half of the pre and post-observation questionnaires and found that if she

waited a day or two, she had difficulty remembering specific events during the lesson.

The final interviews with both teachers were held about a week after the

conclusion of the unit of study to give them time to grade the unit test. So many

events had happened in one week that both teachers had difficulty remembering what

happened during the unit. Several of the questions in the final interview were
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included to give the teachers an opportunity to reflect on the unit with regard to

instructional strategies they felt were successful and those strategies they would

revise when teaching the unit again next year. Neither teacher was able to remember

specific strategies or student responses that were positive or negative, but they did

remember how successful the students were overall.

Another limiting factor in the study was researcher bias because the nature of the

qualitative process depended upon the researcher for data collection and interpretation

of the data. The researcher attempted to reduce bias in several ways by videotaping

each lesson, using fme-grained analysis to create models of the targeted lessons,

keeping a journal to record potential biases when interpreting data, and sending the

two teachers the detailed models of their lessons and a draft of their cases to review.

The videotapes reduced bias because the actual events in the classroom were viewed

several times, instead of relying on interpretation at the time of observation. The

method of fme-grained analysis helped reduce bias because it involved transcribing

teachers' lessons in order to create models of instruction. The process of data

collection and analysis did not classify instructional styles as traditional or reform and

represented the events in the classroom as they happened.

In order to strengthen internal validity, the teachers received copies of the models

of the lessons along with a draft of the findings in each of their cases to review and

make any corrections. The teachers received these several weeks after the conclusion

of the unit and had difficulty remembering the events that occurred during the unit.

Neither teacher made any changes to the models of their lessons or to their cases.

The researcher had planned to enlist the help of two colleagues when creating models

of the lessons to strengthen internal validity, but the community where the study was

conducted was small and the colleagues were well acquainted with the teachers who

participated in the study. In order to ensure confidentiality, the transcripts and

models were not reviewed by the researcher's peers.
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Implications

The results of this study lead to implications relating to professional development

in the areas of classroom practices, content knowledge, and pedagogical content

knowledge. Ms. Sanders and Ms. Harrison were aware of the characteristics of both

traditional and reform-based classroom practices and had experience incorporating

components of each in their classrooms. For the observed unit, both teachers chose to

teach with a more traditional instructional style that focused on lecture and

discussion, but incorporated the reform-based processes of mathematics into that

structure. The result was that the teachers modeled the reform-based processes of

mathematics, but the students were not actively involved in the development of their

own processes. The perception of both teachers was that the contextual factors of

physical space, number of students, and lack of instructional time resulted in lecture

and discussion as being the most efficient and effective mode of instruction. Another

factor was that students in both teachers' classes responded positively to the

instructional style, and many students were successful.

The contextual factors of limited physical space, number of students, and lack of

time were unlikely unique to these two teachers' contexts. The review of relevant

research indicated that teaching practice in the mathematics classroom had remained

traditional for the past 30 years (Hiebert, 2003), a consistent finding in this study. If

the context and time is an issue, an implication for professional development to

benefit teachers must be toward a focus on making small changes in instruction at the

secondary level to involve students more in the process of their mathematics learning.

An example of a small change in instruction is to present a task such as a problem or

activity designed to promote students' thinking about how to approach the problem,

along with a few minutes for students to ponder before presenting new content. In

each of the lessons, both Ms. Sanders and Ms. Harrison presented the content before

looking at problems that applied the new concept in some way. Other small changes

could be journal questions that provide students with opportunities to respond to

questions asking them to explain a concept in their own words or to reflect on a
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process. Possibly with many small changes and positive student results, teachers may

be encouraged to incorporate more reform-based strategies into their instruction

without feeling overwhelmed at the task of completely changing their instructional

style.

A second implication in the area of professional development focused on subject

matter knowledge is to provide opportunities for secondary teachers to keep current

with the advances in the field of mathematics. Two of the options available for

teachers to learn more about their subject include taking graduate-level coursework or

attending workshops sponsored by professional organizations. At the target school,

little money is available in the budget to support teachers in their professional

development activities. Teachers who attend activities are responsible for their

expenses with a limited number of days that can be used for professional

development. Two ways a district could address the issue of subject matter

knowledge might be to make professional journals available for the teachers in their

subject areas and award professional development hours for reading articles in the

journals. Teachers in the district are another resource often overlooked. The

teachers' colleagues who have knowledge of the current advances in the subject could

conduct workshops locally, with support from the district in terms of finances and

time.

The third implication for professional development is in the area of pedagogical

content knowledge. The profession of teaching, especially at the secondary level, is

organized in a manner that does not encourage collaboration among teachers. Ms.

Sanders and Ms. Harrison expressed during the course of the study that they would

like to have more time to communicate with their colleagues about instruction.

Teachers who work at the same school are often unaware of what their colleagues are

doing in the classroom, and could learn about instruction from each other by

observing each other and by planning together. An implication for school districts in

the area of professional development is to support professional development models

that encourage communication among teachers, such as peer consultation or lesson
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study. Peer consultation is a process where teachers observe each other and provide

requested feedback to encourage critical reflection (Acheson & Gall, 1997). Lesson

study involves teachers planning a lesson about a particular content topic, observing

the class when a teacher teaches the topic, revising components of the lesson based on

the classroom observation, and observing another teacher teaching the revised lesson

(Stigler & Hiebert, 2000). Many issues need to be considered by a school district

before adopting either of the professional development models, such as the cost of

training and the availability of substitutes so teachers can observe each other.

However, most school districts do have some professional development budget funds.

Suggestions for Further Research

A large body of research in mathematics education focuses on teachers' content

knowledge, students' misconceptions, effective classroom practices, and effective

professional development at the elementary and middle school levels. Several of

these studies were the result of several National Science Foundation grants that

focused on improving mathematics instruction at the elementary and middle school

levels. The grants included components of prolonged professional development

opportunities for teachers that focused on subject matter, how students learn, student

misconceptions, and instructional strategies. Few studies examined secondary

teachers in the context of their classrooms to investigate specific instructional

practices that are successful with secondary students. The first research question to

be addressed is: What effect would prolonged professional development

opportunities that incorporated aspects subject matter knowledge and pedagogical

content knowledge have on secondary mathematics teachers' classroom practice?

The majority of the studies that included observations of secondary teachers

investigated how teachers implemented a reform-based unit or curricula into their

classrooms. The two teachers in this study were observed using a more traditional

instructional style they found successful in their experience as secondary mathematics

teachers. Both teachers perceived that their teacher-directed style of teaching was
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time efficient and their students had been successful and responded positively to

traditional instruction. The results of this study raise several other questions about

student learning and effective teaching that can be investigated at the secondary level.

The majority of students enrolled in the observed classes at the target school were

successful in geometry, which means that the majority of students were passing the

classes with a grade of C or better and the target school was one of the top scoring

schools in the state on the mathematics portion of the state assessment. One of the

questions the high rate of student success raises is: What types of instructional

strategies are effective in helping high school students (age level 14-18) learn

mathematics? The students in the observed classes were successful when their

teachers used direct teaching strategies, but this may be because the students were

motivated to succeed and were taking the course to satisfy university admission

requirements. The students may have already developed skills that helped them

succeed in previous math classes, or possibly they were accustomed to a more

traditional style of teaching in mathematics. In order to investigate how students

learn mathematics, research could be conducted that focuses on instructional

strategies used in different levels of classes and compare the difference in student

success. Another research topic is an investigation of the differences in student

success in the same level of geometry class, but with different types of instruction,

traditional methods or reform-based methods.

The teachers in this study perceived that their students were successful and had

learned the content topics needed to perform well on the state and classroom

assessments. The classroom assessments both teachers used contained many

questions that required students to apply their knowledge of area and perimeter of

polygons in problems similar to those presented in class and practiced on homework,

but none of the questions assessed the students' process skills in mathematics, such as

problem solving. Some of the processes were incorporated into instruction through a

teacher-directed style of modeling. One of the conditions needed for transfer of

knowledge is learning by constructing understanding instead of being told how to do
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something (National Research Council, 2000). A research question in the area of

transfer is: What mathematical process skills do students learn as a result of the

process being modeled during instruction? An investigation of the question includes

the students' ability to transfer what they learned to problem situations that were

different from the examples and problems they encountered in class or on the

homework assignments.

Contextual factors that contributed to why the teachers in this study taught in a

more traditional manner were class size, the lack of physical space in the classroom,

the number of content topics in the required curriculum, and lack of instructional

time. A question for research in this area is: What contextual factors are necessary in

order for secondary school teachers to successfully implement reform-based

instructional practices in their classroom? The possibility exists that the traditional

form of teaching has been so successful at the secondary level that teachers prefer this

style of teaching, even though they may be aware of and may have used reform-based

strategies previously.

The contextual factor that had the greatest effect on the instructional decisions that

the two teachers made was the state standardized test. The district had adopted a

curriculum that followed the state's content guidelines, but mathematical process

skills were not included as part of the curriculum. Another question for research is:

What types of instructional strategies do secondary mathematics teachers use when

preparing their students for high-stakes tests? Ms. Harrison stated that she preferred

the more reform-based methods of teaching but had to change her style of instruction

as a result of the state standards and high stakes testing system.

Concluding Remarks

The two teachers in this study stated that they learned more about the mathematics

they were teaching and how to teach mathematics from experience than their teacher

preparation programs. The professional development opportunities Ms. Harrison and

Ms. Sanders participated in added to their content knowledge, but the focus was on
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specific problems or activities to use in the classroom instead of instructional

strategies. The teachers had incorporated some activities from workshops they

attended in the classroom, but had little success with the activities that focused on

using technology for a variety of reasons.

Both teachers had a strong background in mathematics and both a procedural and

conceptual knowledge of the mathematics they were teaching. However, the

teachers' strong content knowledge was not sufficient to incorporate more reform-

based instructional strategies in the classroom. Ms. Harrison chose more traditional

methods largely due to contextual factors such as class size, physical space, required

curriculum, the state assessment, and the demands these factors placed on her time.

Ms. Sanders chose more traditional methods because she felt more comfortable with

an instructional style that incorporated one of her perceived strengths, which was the

ability to explain things well.

The implications of this study were in the area of professional development.

Opportunities for teachers to learn from each other's experience and to reflect on their

own experiences with respect to student learning would beneficial. The teachers who

participated in this study taught in a professional situation where they were so busy

that time was not available to reflect on their teaching or to communicate with each

other about instruction. Without change in their professional environment, it is likely

that these two teachers will continue to use the traditional instructional style that has

been successful for them.
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APPENDIX A

INITIAL INTERVIEW PROTOCOL

The purpose of the initial interview was to gather information about the participant's
professional background, the overarching goals for the introductory course and unit,
and the context of the classroom. The questions in each category were open-ended
and follow-up questions were asked based on participants' answers.

Professional Background

1. How many years have you taught secondary mathematics? How many at this
school?

2. What mathematics courses have you taught at the secondary level? What
courses are you teaching this year? How many years have you been teaching
Geometry?

3. What mathematics or mathematics education courses did you take at the
university level? What is your current degree?

4. What types of professional development activities have you been involved in
during the last five years?

Classroom Context

5. What types of instructional materials and technology do you have access to?
What materials would you like to have?

6. Describe your class in terms of student characteristics.

7. Describe a typical day in this class.

8. The unit that is the focus of this study will be taught during the spring
semester and you have had several months to work with these students.
Describe how your class has changed since the beginning of the year.

9. What are some instructional strategies that have worked particularly well with
this group of students? What strategies have you tried that did not work as
well?

10. How does this group of geometry students compare to other students in
geometry classes that you currently teach or have previously taught?
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11. How would you adjust your instruction if you taught the same content to an
advanced level of students? A remedial level of students?

Overarching Goals for the Course and Unit

12. If you could interview your students after they complete your course, how
would you like them to finish the sentence; "Last year in my math class, I
learned "

13. As a result of completing this unit, what would you like your students to be
able to do?

14. What are some of the "big ideas" in mathematics that you would like your
students to know as a result of completing this course and unit.

15. What are some topics that students have trouble with in this unit and how do
you address that when you plan for instruction?
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CONCEPTIONS OF MATHEMATICS THEMES AND DIMENSIONS

Theme 1: Nature of Mathematical Knowledge

Composition of Mathematical Knowledge

Knowledge as concepts, principles, Knowledge as facts, formulas
and generalizations and algorithms

Structure of Mathematical Knowledge

Mathematics as a coherent
system

Status of Mathematical Knowledge
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Mathematics as a collection of
isolated pieces

Mathematics as a dynamic Mathematics as a static entity
Field

Theme 2: Nature of Mathematical Activity

Doing Mathematics

Mathematics as sense- Mathematics as results
making

Validating Ideas in Mathematics

Logical thought Outside authority

Theme 3: Learning Mathematics

Learning as constructing Learning as memorizing
and understanding intact knowledge

Theme 4: Usefulness of Mathematics

Mathematics as a useful
endeavor

Mathematics as a school subject
with little value in everyday
life or future work
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APPENDIX C

PRE AND POST-OBSERVATION QUESTIONNAIRES

Pre-Observation Questionnaire

The purpose of the pre-observation questionnaires were to identify teachers' specific
content objectives concerning what the students will learn as a result of the lesson, to
identify activities planned during the lesson to meet the objectives, and to ask
participants how they expect students to react during the lesson.

1. What content would you like students to learn as a result of this lesson?

2. What other objectives or goals will you be incorporating into the lesson?

3. Describe briefly your lesson plan for today and include routines as well as
other instructional activities.

4. Based on your experience with these students and with teaching this content,
how do you anticipate students will react to each segment of your lesson?

5. What are some strategies you will use to assess students' understanding of the
content during instruction?

Post-Observation Questionnaire

The purpose of the post observation questionnaire was to reflect on the lesson with
respect to changes made during instruction and the success of instructional strategies
used during the lesson.

1. Describe any changes from your original lesson plan you had to make during
instruction and why you made the adjustments.

2. What instructional strategies worked well and how do you know?

3. Are there any portions of your lesson that you would change if you had the
opportunity to teach the content to this class again? Explain why you would
make the changes.

4. What events in the classroom will you keep in mind when planning
tomorrow's lesson? How did these events affect your instructional decisions?
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APPENDIX D

FINAL INTERVIEW PROTOCOL

The purpose of the final interview was to share the results of the data analysis for the
entire unit and provide teachers the opportunity to reflect on the unit. Interview
questions focused on teachers' perceptions of how students performed with regard to
the course, unit, and content goals, identify tasks or instructional strategies they
thought worked particularly well, and to identify any areas they feel could be
improved upon next time they teach the content.

1. Now that the unit has been completed, we will revisit the course and unit
goals you stated in the initial interview. Describe your overall perception of
how your class did with respect to accomplishing each of the goals.

2. What content topics did your students perform particularly well on? Why do
you think they did so well?

3. What content topics did your students have difficulty with? Why do you think
they had difficulty?

4. What instructional strategies worked particularly well? Explain why.

5. What instructional strategies were not as successful? Explain why.

6. If you teach this course next year, what changes would you make when
planning for this particular unit?

7. What factors affected your decisions when you planned for instruction?

8. What is your vision of a "perfect" teaching situation? Ifyour vision were
possible, what types of adjustments would you make to the unit you just
completed?
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DETAILED MODELS OF LESSON SEGMENTS: MS. SANDERS
AREA OF A REGULAR POLYGON

Day 1: Action Sequence #1: Area of an Equilateral Triangle

Action Sequence Sub-Episodes Goals Activatedbcdef
Transition

Form: Routine

1. Area of an
Equilateral
Triangle

This is the first
main content of
the lesson

Goal: Develop
and apply a
formula to find
the area of an
equilateral
triangle given
one side length

Form:
Interactive
lecture and
discussion

Knowledge: The
teacher stated
that this was the
first text she had
seen the formula
in and wasn't
really sure why it
was included.

Lesson
proceeded as
planned

Teacher states
lesson topic

Students check
out calculators

1.1 Develop the
Formula

Goals: Develop
the formula for
the area of an
equilateral
triangle given the
side length using
previous
knowledge
(special right
triangles and area
of a triangle
given base and
height)

1.2 Apply the
Formula

Goal: Use the
formula to find
the area of an
equilateral
triangle given a
side length.

1.1.1 Teacher
poses problem

1.1.2 Review 30-
60-90 special
right triangles

1.1.3 Uses
A=1/2bh to
develop new
formula

1.1.4 Summary

1.2.1 Writes
problem on the
overhead,
students have
time to solve

1.2.2 Student sets
up problem

1.2.3 Teacher
simplifies and
reminds how to
simplify radicals
Summary

182

Goals:
a. Make sure students are prepared to take notes.
b. Involve students in the learning process through questioning, discussion, problems to solve.
c. Develop formula for the area of an equilateral triangle given the length of one side.
d. Review 30-60-90 special right triangle side relationships.
e. Use previous knowledge of general triangle area formula to develop new formula.
f. Use the formula to find the area of an equilateral triangle.
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Day 1: Action Sequence #2: Definitions and Terms

Action Sequence Sub-Episodes Goals Activated
a b c d

2. Definition of
Terms

Introduction to
terms used in the
rest of the lesson

Goal: To
introduce
defmitions and
terms that will be
used to find the
areas of regular
polygons.

Form: Lecture
with a few
questions

This portion of
the lesson went
as planned.

2.1 Transition

2.2 Definitions

Uses a diagram
of a circle with a
hexagon
inscribed, labels
parts as
definitions are
written.

Goals: Relate
center, radius,
and central angle
of a polygon to a
circle. Define
apothem of a
regular polygon.

2.2.1 Define
center and radius
of a regular
polygon

2.2.2 Define and
develop formula
to find measure
of a central angle

2.2.3 Definition
of apothem

2.2.4 Mini-
lecture on
drawing
diagrams

Goals:
a. Involve students through questioning
b. Using and labeling diagrams
c. Define and locate the center, radii, central angle of a regular polygon
d. Define apothem
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Day 1: Action Sequence #3: Formula to Find Area of a Regular Polygon

Action Sequence Sub-Episodes Goals Activatedabcdefg
3. Area of a
Regular Polygon

Using a concrete
example to
develop the
formula for the
area of a regular
polygon

Goal: Find the
area of a regular
octagon by first
finding the
variables needed
for the formula

Form: Interactive
lecture

This portion of
the lesson did not
go as planned.
The teacher was
going to use the
example to
develop the
formula and
ended up giving
the students the
formula

3.1 Pose
problem: area of
a regular octagon
elven the radius

32 Find apothem

Goals: Use
diagram of
octagon and
triangle within to
find length of
apothem

3.3 Find
perimeter

Goal: Find the
appropriate side
length of the
triangle and use
it to find the
perimeter of the
octagon.

Note: The
teacher made a
mistake finding
the perimeter,
used half the side
length instead of
the full length.

3.2.1 Draw
triangles and find
central angle

3.22 Review trig
ratios

3.3.3 Use cosine
to find the
apothem

3.3.1 Poses
question, can we
find the side?

3.3.2 Writes
down formula
with explanation

3.3.3 Use trig to
find side length
in triangle

3.3.4 Substitute
into formula

3.3.5 Unplanned
episode discuss
two ways to fmd
perimeter

3.3.6 Discuss
solution

Goals:
a. Involve students through questioning
b. Using and labeling diagrams
c. Develop formula for area of a regular polygon (abandoned)
d. Review trigonometric ratios
e. Use trig ratios to find apothem and perimeter
f. Use the formula A =1 /tap to find the area of a regular polygon
g. Keep apothem and perimeter lengths exact until the end precision of answer
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Day 1: Action Sequence #4: Examples

Action Sequence Sub-Episodes Goals Activateda bc d ef
4. Examples

Demonstrating
several different
examples in
order to
understand how
to use the
formula

Goal: Find the
apothem and
perimeter of a
regular polygon
given different
lengths, and
using these in the
formula A=1/2ap
to find the area
of the regular
polygon

Form:
Interactive
discussion.

This portion of
the lesson
consisted of
several different
examples, with
an unplanned
discussion about
finding perimeter
from the
previous
segment. Time
started to run out
and the planned
examples were
rushed at the end.

4.1 Example 1:
pentagon with
apothem and side
given: plug into
formula

4.2 Example 2:
pentagon given
apothem, have to
use trig to find
the side for
perimeter.

One student asks
how to get
perimeter
needs
clarification that
multiplying side
by ten or
doubling the side
and multiplying
by five gives the
same result

4.3 Summary and
discussion of
expectations of
homework

4.4 Set up
different
scenarios for
what students
may see in
homework the
period is about to
end.

4.5 Homework
assignment

4.2.1 Use
diagram draw
and label
appropriate
triangle

4.2.2 Review trig
discuss how to

find radius, find
triangle side
length needed for
perimeter

4.2.3 Unplanned
discussion about
two ways
prompted by
student question

4.4.1 Hexagon
given the radius,
use 30-60-90

4.4.2 Square:
use 45-45-90
triangles

Goals:
a. Involve students through questioning
b. Clarify how to use the formula
c. Use the formula A =1 /tap to find the area of a regular polygon.
d. Use trigonometric ratios to find apothem or side length needed for perimeter.
e. Use special right triangles to find apothem or side length needed for perimeter.
f. Directions on what is expected for the homework assignment



Day 2: Action Sequence #1, #2, #3: Discuss Homework

Action Sequence Sub-Episodes

1. Discussion of
homework.

Goal: Give
students the
opportunity to
voice the
difficulties they
had.

Form:
Discussion

2. Read answers
to evens

Goal: Students
check or write
down answers
and use when
finishing
assignment.

Form: Routine

3. Notes on Area
of Regular
Polygons

The teacher
presents several
examples,
starting with
problems that use
special right
triangles.

Goal: Clarify
instruction from
yesterday.

Form:
Interactive
discussion.
Students
participate by
taking notes and
answering/asking
questions

1.1 Introduction

1.2 Several
student responses
and discussion.

1.3 Teacher
directs discussion
to specific
homework
problem types

2.1 Teacher reads
answers to even
problems

2.2 Discussion of
how to express
answers; exact or
to the nearest
tenth prompted
by student
question

3.1 Example 1:
Hexagon with
radius given

Goal: Find
lengths using 30-
60-90 triangle.

3.2 Example 2:
Equilateral
triangle with
radius given

Goal: Another
regular polygon
that results in 30-
60-90 triangle

3.1.1 Draw
appropriate
diagram, review

3.1.2 Use
triangle to find
apothem and side

3.1.3 Perimeter

3.2.1 Explain
why triangle
formula does not
work

3.2.2 Diagram-
find central
angle, apothem,
side length,
perimeter

3.2.3 Review
formula A=1/2ap

3.2.4 Summary

Goals Activated
a b cd
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Day 2: Action Sequences #3 (continued): Discuss Homework

Action Sequence

3. Notes on area
of regular
polygons
continued...

Goal: Continue
examples,
including an
example using
trigonometric
ratios to find the
apothem and side
length needed for
perimeter.

Note: Most of
the students'
questions are
either about
previous material
such as the ratio
of side lengths in
special right
triangles or how
to simplify
expressions that
contain radicals
or that contain
trigonometric
functions.

Goals:
a.
b.
c.

d.

Give stu
Clarify
Review
Review

Sub-Episodes

3.3 Answering
student questions

Goal: Clarify
any
misconceptions
and answer
questions.

Form: Teacher
explanation/
discussion

3.4 Example 3:
Square given
length of the
radius

Goal: Example
using 45-45-90
triangles

Example
completed as
planned

3.5 Example 4:
Octagon given
radius from
homework

Goal: Example
using
trigonometric
ratios.

3.3.1 Student
question about
30-60-90

3.3.2 Student
asked teacher to
find area in
example 1.
Substitute and
simplify mini-
lecture on
simplifying

3.4.1 Draw
diagram central
angle, triangle

3.4.2 Review
how to find legs
given hypotenuse
in 45-45-90

3.4.3 Find
apothem and
perimeter

3.4.4 Check for
understanding

3.5.1 Draw
diagram and
label

3.5.2 Find
apothem and side
using trig

3.5.3 Baseball
players leave

3.5.4 Substitute
in formula and
simplify

Goals Activated
a bc d

dents an opportunity to talk about how the homework went.
concept through examples.
area of regular polygons that need special right triangles
area of regular polygons that use trigonometric functions.
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Day 2: Action Sequence #4: Practice Worksheet

Action Sequence Sub-Episodes

4. Practice
Worksheet

Students are
given the last
fifteen minutes to
work on a
make
worksheet.

Goal: Students
practice finding
central angle,
radius, apothem,
side length,
perimeter, and
area of regular
polygons.

Format:
Students work as
teacher
circulates,
explains concepts
at the front of the
class when
students are
having difficulty.

Goals:
a. Provide time for students to practice
b. Clarify any misconceptions as students encounter them

4.1 Directions,
worksheet

4.2 Students
work

4.3 Mini-lecture
when to use 30-
60-90 and 45-45-
90

4.4 Students
work

4.5 Mini lecture
on relationships
between side
lengths in special
right triangles

4.6 Teacher
works the first
problem on the
overhead so
students can see
how they did

Form:
Interactive
discussion

4.7 Discussion
on the rest of the
problems

4.8 Answer
question about
simplifying a
radical
expression

4.6.1 Label
diagram, find
central angle

4.6.2 Use 30-60 -
90 to find
apothem, side
and perimeter

4.6.3 Find area
and simplify,
algebra review

4.6.4 Student
found area using
equilateral
triangle area
formula

Goals Activated
a b
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APPENDIX F

DETAILED MODELS OF LESSON SEGMENTS: MS. SANDERS
AREA OF CIRCLES AND SECTORS

Day 1: Action Sequence #1: Area of a Circle

Action Sequence Sub-Episodes

Transition

Goal: Students
prepare to take
notes on new
material

Form: Routine

1. Area of a
Circle

This is a review
of previous
knowledge.

Goal:
Remember and
apply the
formula for area
of a circle

Form:
Interactive
lecture and
discussion

This portion of
the lesson
proceeded as
planned with
the exception of
an unplanned
discussion of a
new area formula
using diameter
divided by two
instead of the
radius.

Students hand in
graded
homework
assignment

Students prepare
to take notes

1.1 Introduction

Goal:
Distinguish
between area and
perimeter
formulas for a
circle.

Unplanned
discussion about
letting radius
equal diameter
divided by in
area formula.

12 Apply the
Area Formula

Goals: Use the
area formula to
find the area
given the radius
and use the area
formula to find
the radius given
the area.

1.1.1 States
lesson topic

1.1.2 Compare
formula for area
and perimeter

1.1.3 Discussion
prompted by
student question.
Teacher wants to
proceed using
radius, not
diameter

1.2.1 Example 1:
Area given
radius

1.2.2 Discussion
continued from
previous student
question

12.3 Example 2:
Radius given
area

Goals Activated
a bcd
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Goals:
a. Transition from going over homework to taking notes on new content.
b. Involve students in the learning process through questioning, discussion, problems to solve.
c. Comparison of formulas for area and circumference of a circle.
d. Apply area formula to find radius or area.
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Day 1: Action Sequence #2 and #3: Area of a Sector and Examples

Action Sequence Sub-Episodes Goals Activated
a b c d

2. Area of a
Sector

Main topic of the
lesson.

Goal: Develop
and apply two
forms of formula
to find area of a
sector.

Form:
Interactive
lecture and
discussion.

This portion of
the lesson was
carried out as
planned.

3. Examples
using area of a
sector formula

Goal: Apply the
area of a sector
formula.

Form: Interactive
lecture

This portion of
the lesson was as
planned.

2.1 Define sector

2.2 Develop
formula for the
area of a sector.

Goals: Relate
formula to
proportion and
formula for arc
length. Present
two forms of the
formula.

3.1 Example 1:
Find area of
sector given
central angle and
radius

Goal: Direct
application of
formula.

Ss have difficulty
with reducing
after substituting
values in the
formula.

3.2 Example 2:
Area of sector
given radius and
other angle.

2.2.1 Formula as
a proportion

2.2.2 Second
formula-solve for
area of the sector
in first formula

2.2.3 Compare
two formulas

2.2.4 Discuss
answers-in exact
or decimal form

3.1.1 Pose
problem, discuss

3.1.2 Students
work on problem

3.1.3 Discuss

3.1.4 How to
reduce fraction
with pi without
calculator

3.2.1 Pose
problem
Time to work
Discuss problem

Goals:
a. Define sector
b. Develop formula for area of a sector, two forms
c. Directly apply formula for area of a sector
d. Simplify rational expressions containing pi
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Day 1: Action Sequence #4: Examples (Shaded Region)

Action Sequence Sub-Episodes

4. Examples
Finding the
Shaded Region

Using prior
formulas as well
as recent to find
areas of shaded
regions in
geometric figures

Goal: Apply
area formulas to
find area of a
shaded region.

Form:
Interactive
discussion.

This portion of
the lesson went
as planned.

4.1 Example 3:
Find shaded
region; area of
circle minus area
of equilateral
triangle.

Goal: Use area
of circle and area
of regular
polygon to find
area of shaded
region

4.2 Example 4:
Area of shaded
region. Two
circles inscribed
in a rectangle.

Goal: Use area
of a rectangle
and area of a
circle formulas to
find the area of
the shaded
region.

4.3 Example 5:
Shaded region:
Sector minus
triangle.

4.4 Homework
assigned

4.1.1 Pose
problem, analyze

4.1.2 Area of
circle, triangle

4.1.3 Area of
shaded region

4.1.4 Express
answer exact

4.2.1 Pose
problem, analyze

4.2.2 Time to
work , area of
rectangle, circles

4.2.3 Area of
shaded region

4.2.4 Discuss
organization of
work

4.3.1 Pose
problem and
analyze: bell

Goals Activated

I

b c d e

Goals:
a. Analyze the problem before beginning
b. Apply current and previous area formulas to find area of shaded region
c. Use diagrams to label information needed but not given
d. Organize work so teacher can follow students' steps
e. Express answer in exact form



Action Sequence

I. Start class

Goal: Let
students know
what they will be
doing today, take
attendance

Form: Routine

2. Teacher reads
answers to evens

Form: Routine

3. Questions
over homework
problems

The teacher asks
students what
problems they
had trouble with
on homework.

Goals: Answer
student questions
about how to
apply the area
formulas. Model
the thought
process and
method for
solution

Form:
Interactive
discussion.
Students
participate by
asking and
answering
questions.

Goals:
a.
b.
c.
d.
e.

Day 2: Action Sequence #1 and #2: Routine
Action Sequence #3: Discuss Homework

Sub-Episodes

1.1 statement of
the content topic

1.2 Teacher
circulates and
checks
homework for
completeness

2.1 Teacher reads
answers to even
problems; both
exact and nearest
tenth

3.1 Problem 1:
Area of shaded
region within a
dart board

Goal: Model the
thinking process
when solving the
problem

3.2 Problem 2:
Area of
lighthouse beam

Goal: Model
thinking process
when solving the
problem

3.3 Problem 3:
Distance from
lighthouse

Goal: Model
process use
diagrams

3.1.1 Draw
diagram
Analyze

3.1.2 Find radii
Find area

3.1.3 Reflect on
problem

3.2.1 Draw
diagram, analyze,
find area

3.2.2 Discuss
exact and
decimal form
application

3.3.1 Draw
diagram, analyze

3.3.2 Previous
knowledge to set
up solution

Begin class
Check homework
Answer students' questions
Model the problem solving process
Use diagrams to help solve problems

Goals Activated
a b c de
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Day 2: Action Sequence #3 (Continued): Discuss Homework

Action Sequence Sub-Episodes

3. (Continued)
Going over
homework
problems

Goal: Answer
student questions
about how to
apply the area
formulas. Model
the thought
process and
method for
solution.

Note: A student
question began a
discussion of
area of a triangle.

Form:
Interactive
discussion

Two similar
problems
discussion of
how to determine
which triangle
area formula to
use and why

3.4 Problem 4:
Area of shaded
region is sector
minus triangle

Goal: Model
thinking process.
Students find
their mistake

3.5 Problem 5:
Four circles
inside a square

Goal: Analyze
and set up
problem

3.6 Problem 6
and 7: Area of
shaded region is
sector minus
triangle

Goal: Help
student find
mistake

Student keeps
getting a
negative number
knows
something wrong
with area of
triangle-thinks
it's reducing

S using wrong
formula, prompts
discussion of
why can't be
used.

3.4.1 Draw
diagram, analyze

3.4.2 Area of
equilateral
triangle using
side and area of
semicircle

3.4.3 Solve

3.5.1 Draw
diagram, analyze

3.5.2 Use
diagram to find
length not given

3.5.3 Finish
problem

3.6.1 (#6) Draw
diagram, analyze

3.6.2 Find sector
area, triangle
area

3.6.3 (#7) Draw
diagram, analyze

3.6.4 Area of
sector, triangle

3.6.5 Discussion
of why can't use
A=1/2ap formula
for triangle for
either problem

3.6.6 Student
found mistake

Goals:
a. Answer students' questions
b. Model the problem solving process
c. Use diagrams to help solve problems
d. Help students identify their mistakes

Goals Activatedabcd
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Day 2: Action Sequence #3 (Continued): Discuss Homework

Action Sequence Sub-Episodes

3. (Continued)
Going over
homework
problems

Goals: Answer
student questions
about how to
apply the area
formulas. Model
the thought
process and
method for
solution.

Form:
Interactive
discussion

4. Students
practice more
problems from a
worksheet

Goal: Practice

Form: Teacher
circulates as
students work

5. Go over
previous quiz

3.7 Problem 8:
Area of a pane of
glass in a
window.

Goal: Model
thought process
and solution
method.

3.8 Problem 9:
Area of sector
minus triangle

Goal: Student
needs help
finding area of
triangle

3.9 Problem 10:
Find radius of a
circle given the
area.

Goal: Student
needs help
setting it up.

4.1 Hand out
worksheet

4.2 Discussion
prompted by
student: why
A =1 /tap didn't
work on previous
problem

3.7.1 Draw
diagram, analyze

3.7.2 Area of
small and large
sectors, solve

3.7.3 Reflect on
overall process

3.8.1 Draw
diagram
Analyze triangle

3.8.2 Find
triangle area
Student got it

3.9.1 Set up in
area of circle
formula

3.9.2 Reduce
fraction

3.9.3 Student
found mistake in
reducing

Goals:
Goals a through d carried over from previous page:
e. Practice the application problems

Goals Activated
a b c de
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APPENDIX G

DETAILED MODELS OF LESSON SEGMENTS: MS. HARRISON
AREA OF A REGULAR POLYGON

Day 1: Action Sequence #1: Area of an Equilateral Triangle

Action Sequence Sub-Episodes Goals Activated
a b c d e fg

1. Area of an
Equilateral
Triangle

Students take
notes on
prepared outline.

Goal: Develop
and apply a
formula to find
the area of an
equilateral
triangle given
one side length.

Form: Lecture
and some
questioning.

This portion of
the lesson
proceeded as
planned

1.1 Introduction

Goal: Review
area formulas of
basic shapes
from previous
chapters

Form: Discussion

1.2 Develop the
Formula

Goals: Use
previous
knowledge to
develop new
formula. (special
right triangles
and area of a
triangle given
base and height)

1.3 Apply the
Formula

Goal: Direct
application of
formula to find
area given side
length of an
equilateral
triangle. Algebra
review.

1.1.1 Teacher
states objective,
hands out notes

1.1.2 Review of
area formulas for
basic shapes

1.1.3 Review
area of a triangle

1.2.1 Problem

1.2.2 Review
equilateral and
30-60-90
triangles

1.2.3 Uses
A= I /2bh to
develop formula

1.3.1 Example 1:
Find area given
side length

1.3.2 Example 2:
Side lengths with
radical, student
participation,
simplify radicals

Goals:
a. Introduce concept relating to previous area formulas.
b. Involve students in the learning process through taking notes, questioning, discussion.
c. Develop formula for the area of an equilateral triangle given the length of one side.
d. Review 30-60-90 special right triangle side relationships.
e. Use previous knowledge of general triangle area formula to develop new formula.
f. Use the new formula to find the area of an equilateral triangle given a side length.
g. Review simplifying radical expressions.



Day 1: Action Sequence #2 : Definitions
Action Sequence #3: Area of a Regular Polygon

Action Sequence Sub-Episodes Goals Activated
a b c de f g

2. Definition of
Terms

Goal: To define
center., radius,
central angle, and
apothem.

Form: Lecture
with a few
questions

This portion of
the lesson went
as planned.

3. Area of a
Regular Polygon

Develop and
apply the
formula for the
area of a regular
polygon using a
hexagon

Goal: Develop
the formula for
the area of a
regular hexagon

Form: Lecture
with questions

Carried out as
planned.

Goals:
a.
b.

c.
d.
e.

f.

g.

2.1 Transition

2/ Definitions

Uses a diagram
of a hexagon,
students label
hexagon.

Goals: Relate
center, radius,
and central angle
of a polygon to a
circle. Define
apothem of a
regular polygon.

3.1 Develop
Formula

Develop abstract
formula using
area of triangles
times number of
triangles, use
properties to
develop A=1/2ap

3.2 Example:
Hexagon given
the side length.

Hexagon was
drawn with radii

Goal: Apply the
area formula

22.1 Define
center and radius

2// Find
measure of each
central angle

22.3 Definition
of apothem

2.2.4 Summary

3.3.1 Diagram of
hexagon with
triangles drawn

3.3.2 Use algebra
properties and
definition of
perimeter to
develop formula

32.1 Central
angle

3.22 Draw
apothem and find
using 30-60-90

3/.3 Find
perimeter

3.2.4 Find area
using formula,
exact answer
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Involve students by taking notes on outline.
Using diagrams to develop concepts and solve problems.
Define and locate the center, radii, central angle, apothem of a regular polygon.
Develop formula for area of a regular polygon using a hexagon.
Use 30-60-90 triangle to find apothem.
Use the formula A =1 /tap to find the area of a regular polygon
Keep answers in exact (radical) form.



Day 1: Action Sequence #4: Examples

Action Sequence Sub-Episodes Goals Activateda bcd e f
4. Examples

Demonstrating
two examples
using
trigonometric
ratios and 30-60-
90 triangles to
find

Goal: Find the
apothem and
perimeter of a
regular polygon
given different
lengths, and
using these in the
formula A=1/2ap
to find the area
of the regular
polygon

Form: Lecture
and discussion.

This portion of
the lesson carried
out as planned
except there was
not enough time
to finish the last
planned example.

Assignment
worksheet
handed out

Goals:
a.
b.
c.
d.
e.
f.

4.1 Example 1:
pentagon with
radius given
(outline)

Goal: Use
trigonometric
ratios to find
apothem, side.
Find area.

Teacher talks
through problem

4.2 Example 2:
Equilateral
triangle given the
radius

Goal: Two ways
to find area;
formula for a
regular polygon
or for equilateral
triangle.

Teacher talks
through problem

4.1.1Central
angles, draw
triangle, draw
apothem

4.1.2 Use trig
ratios to find
lengths, use
calculator for
precision

4.1.3 Find area
Summary

4.2.1 Draw radii
Central angle
Draw apothem
Find angles in
Mangle

4.2.2 Use 30-60-
90 to find
apothem and side

4.2.3 Bell Rings

4.2.4 Find area
Mention second
way to find the
area

Involve students through taking notes, some questioning.
Clearly explain how to solve problems and model the process.
Use the formula A =1 /tap to find the area of a regular polygon.
Use trigonometric ratios to find apothem or side length needed for perimeter.
Use special right triangles to find apothem or side length needed for perimeter.
Let students know there are multiple ways to find the area of the equilateral triangle.
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Day 2: Action Sequence #1: Discuss Homework

Action Sequence Sub-Episodes Goals Activated
a b c defgh

Start Class

Goal: Students
check homework
while teacher
takes care of
attendance, talks
to individual Ss

Form: Routine

I. Answer
student questions

Goals: Review
concept. Answer
students
questions.

Form: Students
choose problems,
followed by a
discussion of the
solutions.

Answers to
worksheet are
displayed on
overhead

Students check
their own papers,
prepare to ask
questions

1.1 Question #1:
Octagon given
the apothem.

Goal: Review
concepts.
Problem uses
trigonometric
ratios to find
lengths.

Form:
Discussion

Events:
T explored Ss
incorrect answer
to "What side is
this?" ..looking
for hypotenuse
and trig S
thought short
side in a special
right triangle.

Student found T
mistake finding
perimeter, and T
redoes that
portion of the
problem

1.1.1 Ask Ss how
to start: refer to
their notes.

1.1.2 Draw in
triangles
Central angle
Find angles in

1.1.3 Find radius:
Exploration
using Ss
response (short
side)

1.1.4 Use cosine
to find radius

1.1.5 Use tangent
to fmd side of
polygon

1.1.6 Find
perimeter
Substitute into
formula:

1.1.7 S found
mistake, T
apologized and
reworked

1.1.8 Summary

Goals a through h are listed on the following page:
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Day 2: Action Sequence #1 (Continued): Discuss Homework
Action Sequence #2: Hand Back and Discuss Chapter 10 Test

Action Sequence #3: Organize Portfolios

Action Sequence Sub-Episodes Goals Activateda bc defgh
1. (Continued)
Answering
student questions

Goal: Review
concepts.
Answer student
questions.

2. Hand back
Chapter 10 Test
and other papers

Goal: Give
students
opportunity to
see how they did
on Chapter 10,
and ask questions

3. Students
organize their
work in their
portfolios.

Goal: Organize
work, calculate
their grades.

Form: Routine

1.2 Question 2:
Square given the
apothem

Form: Teacher
explanation

Teacher explains
while working
through the
problem

1.2.1 Draw in
radii, find central
angle, draw in
apothem

1.2.2 Find radius
and side using
45-45-90 triangle

1.2.3 Find area
using formula
and side squared.

Goals:
a. Check homework.
b. Review the concepts from the previous day.
c. Model the problem solving process through explanation.
d. Involve students through questioning.
e. Explore student response.
f. Review and use trigonometric ratios.
g. Review and use special right triangles.
h. Multiple ways to find area
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APPENDIX H

DETAILED MODELS OF LESSON SEGMENTS: MS. HARRISON
AREA OF CIRCLES AND SECTORS

Day 1: Action Sequence #1: Area of a Circle

Action Sequence Sub-Episodes Goals Activateda bcd ef
Transition

Goal: Connect
content from
previous lesson
to current lesson

Form: Routine

1. Area of a
Circle

This is a review
of previous
knowledge.

Goal: Develop
the formula for
area of a circle
using the
concepts of limit
and area of
regular polygons.

Form: Lecture
and discussion

This portion of
the lesson
proceeded as
planned

Goals:
a.
b.

c.
d.

Mini lecture:
review previous
concept, connect
to new concept

T hands out notes
outline

1.1 Develop
Formula

Goal: Connect
the idea of area
of regular
polygons to a
concept students
are familiar with,
area of a circle.

Form:
Discussion

1.2 Apply the
Area Formula

Goals: Apply the
area of a circle
formula. Review
simplifying
radical
expressions

Form: Lecture
and questioning.

1.1.1 Visual
pattern of
polygons drawn
inside circle

1.12 Extend
pattern, discuss
limit in calculus

1.1.3 Substitute
limits of apothem
and perimeter
into regular
polygon area
formula to obtain
circle area

1.2.1 Example 1:
Area given
radius

1.2.2 Example 2:
Diameter given
area
-substitute values
in formula
-review rational
expressions

Transition by recapping what students did yesterday and how it relates to new content.
Involve students in a discussion to develop the area of a circle formula.
Involve students by having them take notes.
Develop the formula of area of a circle using area of regular polygons and the concept of
limit.

e. Apply area formula.
f. Review simplifying radical expressions.



Day 1: Action Sequence #2: Area of a Sector
Action Sequence #3: Examples

Action Sequence Sub-Episodes Goals Activatedabcd e f
2. Area of a
Sector

Goal: Present
and apply a
formula that uses
proportions to
find area of a
sector.

Form: Lecture
and discussion.

This portion of
the lesson went
as planned.

3. Finding the
area of the
shaded region.

Goal: Apply
area formulas to
find a shaded
region.

Form: Interactive
lecture

This portion of
the lesson was
carried out as
planned.

Goals:
a.
b.
C.

d.
e.
f.

2.1 Define sector

2.2 Present the
formula for the
area of a sector.

Goals: Relate
formula to arc
length formula
from yesterday.

The teacher
focused on one
form of the
formula, using
proportions.

3.1 Example 2:
Area of shaded
region, circle
minus hexagon.

Goals: Apply
circle area
formula. Review
area of regular
polygons. Solve
multi-step
problem.

Form: Students
participate by
answering
questions about
how to approach
problem, what to
do next, and how
to find areas.

2.2.1 Formula

2.2.2 Example 1:
Direct
application
-substitute
known values
-reduce fraction
-cross multiply
-solve for area
-label answer

Form: Teacher
presents problem
and talks through
stens

3.1.1 Pose
problem, student
offers a plan

3.1.2 Find area of
circle

3.1.3 Find area of
hexagon using
same process
from section 11.2

3.1.4 Set up
expression circle
minus hexagon

3.1.5 Reduce
expression to
find exact answer

3.1.6 Use
calculator for
approximation

Define sector
Present formula for sector of a circle, relating to formula for arc length.
Directly apply formula for area of a sector
Find area of a shaded region composed of several geometric figures.
Involve students in the problem solving process through questions.
Express solution in exact form and as a decimal approximation.
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Day 2: Action Sequence #1: Discuss Homework

Action Sequence Sub-Episodes

Start class

Goal: Ss check
answers

Form: Routine

1. Questions
over homework
problems

The teacher asks
students what
problems they
had trouble with
on homework.

Goals: Answer
student questions
about how to
apply the area
formulas. Model
the thought
process and
method for
solution

Form:
Interactive
discussion.
Students
participate by
asking and
answering
questions.

Answers are
displayed on the
overhead

Teacher takes
attendance and
other business.

1.1 Review

1.2 Problem 1:
Find the radius of
a circle given the
area

Form: Teacher
works problem

1.3 Problem 2:
Area of a sector

Goals: Help
student find
mistake. Review
how to simplify a
rational
expression that
contains a
fraction.

Note: A
different student
approached
problem by
taking area of a
circle and divide
by three instead
of sector formula

1.4 Problem 3:
Area of two
sectors in a circle

1.2.1 Read
problem, values
in formula

1.2.2 Solve and
simplify

1.3.1 Draw and
read problem, set
values in formula

1.3.2 Ask S if
they set it up

1.3.3 T works
through problem-
doesn't match

1.3.4 Reduce
further to get
exact answer

1.4.5 S points out
different way to
solve problem

1.4.1 Read and
set up two
different
approaches

Goals Activated
a b c de

Goals:
a. Have students check their homework and assign a grade.
b. Take care of administrative business, talk to students individually about make-ups.
c. Answer students' questions
d. Model the solving process, read, formula, substitute, simplify.
e. Help students find their mistakes, and correct them.


