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ABSTRACT 

This study focuses on individual teacher's beliefs, 

values, and practices in mathematics, and the conditions of 

change in an alternative staff development program. I 

explored three elementary school teachers' ideas and 

practices through group and individual reflective dialogue. 

The data revealed distinct teaching personalities based on 

the individual's beliefs and background in the domains of 

knowledge and sense of mathematics as a field and as a 

school subject, major beliefs concerning the teaching and 

learning of mathematics, perceptions of the teacher and 

student roles, views on student assessment in mathematics, 

and other perceived influences on the teaching and learning 

of mathematics particular to the individual teacher. 

Findings revealed teachers who are generally under tension 

from various segments of the population and are torn 

between trying to satisfy all holding to their own values 

and beliefs in regard to mathematics teaching and learning. 

Changes that occurred, self-reported and observed, were 

most often particular to the teacher and flowed from a 

relation to a previously-held belief, rather than a change 

in the form of a complete turn-around. 



The study may be helpful as evidence for the need to 

construct support systems for teachers of mathematics. 

Ti~e for teachers, not only to reflect on their beliefs, 

12 

but also to dialogue and be exposed to alternatives, is 

necessary if current goals in mathematics education are to 

be personally achievable. 
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INTRODUCTION 

staff development, or teacher inservice as it has been 

referred to in the past, has had various purposes and has 

been perceived differently by teachers and resource 

specialists alike. Mathematics also has been described 

differently throughout history and in different school 

settings. Reform efforts throughout the history of 

mathematics education in this country have impacted the 

field and continue to influence practice and the emphasis 

teachers give to various mathematics topics. Concurrently, 

the methodology of teaching mathematics is also described 

differently, not only in different parts of the world, but 

in different classrooms across America, and perhaps, across 

the hall in the same school. What is the context of 

teachers' conceptions of school mathematics? What is the 

focus of their teaching? Can a staff development process 

that fosters reflection on professional practice influence 

values, beliefs and practices? 

This dissertation was designed to shed some light on 

the issue of how teachers think about the mathematics they 

teach in the context of a reflective-dialogue staff 

development. Recent studies in the areas of teacher 



14 

cognition and beliefs have revealed more clearly how 

teachers interpret and implement curricula based on their 

knowledge and beliefs (Thompson, 1982; Clark & Peterson, 

1986; Romberg & carpenter, 1986; Kagan, 1990; Richardson & 

Anders, 1990). Increased awareness that bringing about 

changes in what goes on in mathematics classrooms depends, 

in part, on individual teachers re-evaluating their 

instructional practices in light of their content-related 

values and conceptions, has led to the acknowledgement of 

the importance of this line of research (Thompson, 1992). 

Ernest (1988) suggests that among the key elements 

that influence the teaching of mathematics, three are 

significant: 

1. The teacher's mental contents or 
schemas, particularly the system of 
beliefs concerning mathematics and its 
teaching and learning; 

2. The social context of the teaching 
situation, particularly the constraints 
and opportunities it provides; and 

3. The teacher's level of thought processes 
and reflection. (As quoted by Thompson, 
1992, p. 131) 

The "mental contents" a teacher brings to the classroom 

includes his or her knowledge of mathematics. However, 

knowledge of mathematics alone cannot account for the 

variability in mathematics instruction. Ernest suggests 

that despite the sparse amount of literature on teachers' 

beliefs in mathematics, teachers' approaches to mathematics 



teaching depend fundamentally on their conceptions of the 

nature and meaning of mathematics, and on their "mental 

models" of teaching and learning mathematics (Thompson, 

1992). 
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Eisenhart, Cuthbert, Schrum, and Harding (1987) define 

belief as a shared statement of relationship--an assertion 

accepted as true. While personal beliefs are individual 

acknowledgements of something held to be true, a shared set 

of beliefs by a group determines a "culture," which in turn 

affects the beliefs of the individuals within the culture. 

Green (1971) theorizes that networks of beliefs build to 

form a belief system--a set of beliefs within a particular 

context. Belief systems, or ways in which beliefs are 

organized, are dynamic in nature, undergoing change and 

restructuring when the individual encounters a value 

conflict between beliefs, or clusters of beliefs, or 

between beliefs and actions. 

Purpose of the Study 

The purpose of this ethnographic study was to 

understand the mathematics teaching beliefs and practices 

of three elementary school teachers from their personal and 

professional point of view and the effect a reflective

dialogue staff development program had on them as teachers. 
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Research Questions 

1. What is the focus of the teachers in this study in 

regard to various aspects of their professional lives? 

2. How do the teachers in this study regard 

professional development, particularly in mathematics? 

3. What are the teachers' major values and beliefs in 

regard to the teaching and learning of mathematics in the 

classroom? What is the role of the teacher? What is the 

role of the student? What is the context? 

4. What do the teachers in this study concentrate and 

reflect on in regard to their professional practice? 

5. What effect, if any, will the reflective-dialogue 

staff development have on the teachers' beliefs, values, 

and practice? What change is individual? Is any change 

common to all three teachers in the study? 

Predictions and Limitations of the study 

As this study was undertaken, I predicted that 

1. Attending to teachers' beliefs is important to the 

success of the staff development. 

2. The context of the school and the power structures 

within it will influence the success of the staff 

development process. 



3. The adapted practical-argument (Fenstermacher, 

~986) staff development model would promote reflection, 

dialogue, and possible change. 

I also identified some limitations to this study: 

1. A small number of subjects was necessary to study 

teachers' beliefs/conceptions of mathematics in depth. 

Therefore, the results are not generalizable in the same 

sense as quantitative research. 

~7 

2. The study, with its duration of one-year, could not 

adequately measure long term change, and therefore, focused 

on immediate feedback in the form of observations and 

written and verbal statements. 

My Place in the study 

During this study, I performed the following 

activities: participant observing in the classrooms of the 

three teachers; staff development facilitating in the group 

meetings; interviewing of participating teachers and 

administrators, both formally and informally; videotaping 

in the participating teachers classrooms; transcribing 

interview tapes; examining and analyzing collected teacher 

journals and interview transcriptions. I also brought my 

experience as a teacher, a staff developer, a student of 

educational research, and a mathematics educator to the 

data analyses. 
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organization of the Remaining Chapters 

I organized the study over the course of a school year 

exploring the data in the directions in which it carried 

me. Chapter 2 discusses the various literatures considered 

as a base for the study. The literatures include teacher 

belief and change studies, current change in the elementary 

school mathematics curriculum literature, and staff 

development research. Although not every contributor to 

each literature is discussed, I did examine the findings I 

thought most relevant to the study. Chapter 3 presents the 

organization and methodology of the study. It defends the 

use of qualitative inquiry, the parts of the staff 

development model, the position of the researcher in 

relation to the data and analysis, and the analysis 

methods. 

Chapter 4 introduces the school, the principal, and 

the teachers. The individual cases of the three 

participating teachers are discussed in greater detail, 

their beliefs about mathematics and the teaching of 

mathematics in theory and within the context of the 

classroom and school. The study was in some sense 

obtrusive and will, therefore, provide a report of teacher 

reactions to the researcher and to the study itself. 

Chapter 4 also discusses the staff development process 

with the three participating teachers and how the practical 
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argument process attempted to assist the teacher in 

reflection and change, and both the researcher and teacher 

in developing professional dialogue. Teacher feedback on 

the process of staff development is incorporated into the 

discussion where appropriate. 

Chapter 5 discusses the study's findings, connecting 

them back to the literature on beliefs and change, current 

issues in mathematics education l and staff development. In 

addition, it provides conclusions and implications for 

further research. 
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CHAPTER 2 

REVIEW OF LITERATURE 

..,. ____ ...:3 •• _~.; __ 

.1.11'-.1..Vu""'-"""~v.l. 

This chapter explores ~~e focal literatures: teacher 

change and teacher beliefs; staff development in relation 

to change; teacher beliefs and change in mathematics 

education; and practical-argument studies. The literature 

review does not claim to be exhaustive but, rather, a 

compilation of significant research pertinent to the 

dissertation topic. 

A range of literatures is covered. A goal of this 

review is to tie together Green's (1971) notion of the 

relationship of personal knowledge and belief held in 

clusters or schemata with the present climates of change in 

school mathematics. This chapter offers ideas for drawing 

them together with the literature on staff development and 

practical-argument. To do this, the chapter addresses 

teachers' beliefs in relation to current reform in school 

mathematics, staff development as both personalized and 

shared, and reflective dialogue as a vehicle of 

professional development. Moreover, it is conjectured, 

that confronting these issues simultaneously may help draw 

them together and, hopefully, generate insight as well as 
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background for the study. It is becoming less uncommon for 

researchers in mathematics education to draw from the 

literatures outside their immediate field, such as those in 

teacher education. I maintain that these literatures are 

not distinct, and that the richness of each has much to 

offer the other (Eiseill~art, 1992). 

curriculum Reform 

The wave of the "new-math" in the sixties was 

precipitated by the 1959 Commission on Mathematics of the 

CEEB, which itself was motivated by the launching of 

Sputnik in 1957. Sets, logic, and probability, were 

promoted in an environment of creativeness (Fey, 1978) and 

the capable mathematics students were catered to with 

specially-designed programs (the School Mathematics Study 

Group for example), while the more life-skills oriented 

part of the mathematics curriculum was neglected, ignored, 

and sometimes forgotten. Lakatos (1976) has observed that 

history has shown that when new methods emerge, the study 

of those problems that can be dealt with most ably by using 

the new methods flourish, while the rest tend to be ignored 

and forgotten. 

There were problems with the "new-math" curriculum 

(Fey, 1978) and no sooner than it was introduced, there 

were cries of iiback-to basics:: as a reaction. Teachers 
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not been involved with the development of "new-math," and 

as Malaty (1988) warned, without the involvement of those 

who are actually teaching the subject, laid-down changes 

can lead to problems. He advocates that mathematics 

specialists remain out of the spotlight and that change 

should be gradual with an emphasis on working towards a 

better education for students. Along the same lines the 

National Research Council (1989) maintains that the lesson 

to be learned from the sixties and the seventies is that 

when no ownership is given to the teachers, they will not 

take ownership of the product. 

with changes in society and the augmentation of 

technology, it might be expected that the curriculum in 

mathematics would change to allow members of the society to 

become functioning persons in a mathematical sense. It 

appears, however, that the school mathematics that is 

taught is static, bounded, and divorced from other 

disciplines, and in some sense from real world situations 

(Romberg & Carpenter, 1986). The mathematics curriculum 

appears to resist change (NRC, 1989) in spite of 

revolutionizing forces. Today's society requires more than 

good computation. It needs understanding of operations and 

concepts. 

Stodolsky, Salk, and Glaessner (1991) report that 

despite recent calls for problem solving, applications, 
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conjectures, inquiry, and discussion, most school 

~aL~ematics is still computational in nature, with students 

completing teacher directed exercises on an individual 

basis. A typical top-down model of good mathematics 

teaching involves an explanation by the teacher which is 

logically presented, well organized, and easy to follow, 

with formulas given and everything explained (Blais, 1988). 

Such an approach encourages algorithmic tendencies. Blais 

(1988) calls it "mathematical atrophy" which he says is a 

problem of pedagogy. The media, critical events, and 

public opinion can have a profound effect upon the 

curriculum that is considered (Malaty, 1988). Even so, the 

picture of mathematics instruction in the late twentieth 

century is rather reminiscent of days more than a century 

ago (Laurenson, 1992). 

If mathematics education is to keep up with 

technological developments and societal change, then 

curriculum refocussing is inevitable, and must become a 

natural and essential characteristic of mathematics 

education (NRC, 1989). CUlture is the framework within 

which people interpret life (Geertz, 1973), helping them 

attach meaning to particular situations and events. Davis 

and Hersh (1980) suggest that the discussion approach 

should be explcred with students, rather than an 

explanation of an algorithmic procedure followed by 
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exercises to be completed by the student in the belief that 

understanding will surely come if the student will only go 

over the material on his own (p. 275). The most 

salient document in mathematics education reform today is 

the National Council of Teachers of Mathematics (1989) 

document CUrriculum and Evaluation standards for School 

Mathematics which encourages sweeping reforms to curriculum 

and evaluation in school matheEatics. While it could be 

said that the new topics embraced by the council were 

predictable (for exaEple, spatial sense, estimation, 

probability,and statistics), the approach to teaching the 

subject promoted in the document is quite new. Recognizing 

that we have shifted from an industrial society to an 

information society, the NCTM suggests that matheEatics 

content, and how it is taught, must reflect this shift. 

"The broadened view of EatheEatics described • suggests 

a need for changes in instructional patterns and in the 

roles of both teachers and students" (NCTM, 1989, p. 125). 

Within the document goals for all students are stated as 

follows: 

1. That they learn to value Eathematics. 

2. That they become confident in their ability to do 

Eathematics. 

3. That they become matheEatical probleE solvers. 

4. That they learn to communicate matheEatically. 
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5. That they learn to reason mathematically. 

content details are also presented in detail and it is 

sufficient to say that the one significant new area that 

signals a radical departure frow traditional content is 

that of discrete mathematics (Dolgos, 1990) which is the 

mathematics of sets and systems that have a countable 

number of elements. The reason for this emphasis is because 

of the impact of computers on our society and the fact that 

computers are discrete machines (Laurenson, 1992). 

The National Research Council (1989) has also stated 

their beliefs about a curriculum for the future of school 

mathematics. Although the document, Everybody Counts, is 

written in newspaper prose for the public, its vision of 

possibilities for the future are described optimistically, 

and as the obligation of all persons involved in the 

education of youth. Instead of specifying particular 

standards in detail, as in the National Council of Teachers 

of Mathematics' document, the National Research Council 

more broadly urges all persons in any way connected to 

school mathematics to address the following national 

objectives: 

1. Establish new standards for school mathematics, 

2. Upgrade the teaching profession, 

3. Make assessment responsive to future needs, 

4. strengthen collegiate mathematics (p. 95). 



The National Research Council suggests that "with broad 

involvement of all constituencies at each stage," first 

will come: "serious dialogue; then, compromise and 

consensus; and finally, action and change;; (p. 96). 

26 

Turning to the context of instruction, Sarason (1983) 

maintains that curriculum reformers will have to take into 

consideration the interests of the students. Not that the 

curriculum should be dictated by the students, he went on 

to write, but that the method of implementation should take 

into account the interests of the students as indicated 

years earlier by John Dewey. Another contextual factor 

that will have to be addressed as the march towards the new 

NCTM standards progresses is brought into focus by Paulos 

(1988). He points out that a contradiction exists, namely 

that while modern society becomes increasingly technology 

dependent, people, including teachers, have lost the self

confidence and/or ability to think numerically or, perhaps, 

fail to see its current value. 

Tobin and Fraser (1988) speculate that in the united 

states the assessment system drives classroom practice in 

the direction of talk and chalk, drill and practice, and 

algorithmic formulation of topics. Keynes (1989) suggests 

that improvement in student performance in mathematics lies 

at the heart of concern about K-12 education. We have come 

to associate tests and assessment, they say, with passing 
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and failing, and subsequently with admittance or rejection 

to some program that follows. McLean (1990) points out 

that the time has come for teachers to move away from the 

notion of the classroom test as a pencil and paper 

exercise, and onto something reflects the of 

instruction and the aims of today's education. 

Davis (1992) considers the upheaval in mathematics 

education as "challenges and opportunities" (p. 724). He 

provides a list of fifteen of these and then discusses some 

of them more extensively: build on ways that students 

actually think; improve the situation with the "underclass" 

of urban poor; create, implement, and evaluate more diverse 

school mathematics programs; develop evaluation procedures 

that put more emphasis on creativity, and less on repeating 

simple rote procedures; pay more attention to some of the 

implicit messages that tests and school programs send to 

students; study the effect of assuming that we must "tell" 

students how to do mathematics; study mental 

representations; find out what really happens in 

classrooms; help schools make more use of excellent 

existing materials; develop new lessons in discrete 

mathematics; delineate alternatives; establish an 

epistemology; determine how the curriculum should respond 

to the new technological capabilities; upgrade public 

policy debate; and revise methodology (pp. 725-727). Davis 
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goes on to dascribe how attempts at computer simulation of 

the brain helps us to recognize levels of learning 

differences. The computer can be programmed to do 

virtually any task that can be broken down into minute 

steps, but it is hopelessly inept at tasks 

characteristically human, such as understanding metaphor, 

recognizing your grandmother, or coming to conclusions 

about number after playing with stacks of blocks. Making 

mathematics more human then means building on these 

characteristics and relying on technology for rote, less

interesting calculations. 

The companion volume to the NCTM CUrriculum and 

Evaluation standards for School Mathematics appeared two 

years later and was entitled The Professional Standards for 

Teaching Mathematics (1991). The first section of the 

document is of interest here, "Standards for the Teaching 

of Mathell1atics," and is further subdivided into the 

following topics: worthwhile mathematical tasks, the 

teacher's role in discourse, the student's role in 

discourse, tools for enhancing discourse, learning 

environment, and analysis of teaching and learning (p. v). 

Under the topic of the teacher's role, the council 

considers it important that the teacher be proficient in 

deciding "when to provide information, when to clarify an 

issue, when to model, when to lead, and when to let a 
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student struggle with a difficulty" (p. 35). The student's 

role includes the ability to "use a variety of tools to 

reason, make connections, solve problems, communicate . 

and try to convince themselves and one another of the 

validity of particular representations, solutions, 

conjectures, and answers" (p. 45). The document presents 

classroom cases to follow and contextualize the Council 

directives. The sense teachers make of the content of 

school mathematics, its practice, and the teachers' and 

their students' roles comprise the focus of the present 

study. However, this "sense" teachers have can be further 

subdivided, although not distinctly, into knowledge and 

belief. 

Teacher Beliefs and Knowledge 

Goodenough (1981) defines beliefs as propositions that 

are accepted as true. Accepting the truth value of a 

proposition, he attests, does not imply a logical 

consideration, only that it is valued in some way. Thus a 

belief may be held in spite of disconfirming evidence or 

utility. Even those beliefs that are held on logical 

grounds may have an emotional factor as well. 

In Rokeach's (1968) work, Beliefs, Attitudes and 

Values, he defines belief as "any simple proposition, 

conscious or unconscious, inferred from what a person says 
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or does, capable of being preceded by the phrase 'I believe 

that ••• '11 (p. ii). He describes several categories of 

beliefs; descriptive or existential, evaluative, 

prescriptive or ey~ortatory. However: regardless of the 

category, Rokeach describes all beliefs as "predispositions 

to action." He clusters the beliefs, attitudes, and values 

as a "functionally integrated cognitive system, so that a 

change in any part of the system will affect other parts, 

and will cUlminate in behavioral change" (p. ix). 

Based on the notions of Green (1971), teaching is the 

modification of belief systems; for example, a child whose 

beliefs about the universe stem from the sensory belief 

that the sun revolves around the earth; and learns through 

plausible explanation and experimentation, that the earth, 

in fact, revolves around the sun, has to then in turn 

restructure other beliefs in his belief system regarding 

the universe that were based on the sun revolving around 

the earth as a primary belief. Green also talks about 

beliefs being held in different strengths and only in 

quasi-logical form--that is, they are not always 

susceptible to change based on an outside argument to the 

contrary as seen in the statement--"Don't bother me with 

facts, I've made up my mind!" Such deeply psychological 

"reasons" :nay not be ::-eachable by teaching, that more 

purely logical arguments would. Another facet of Green's 



study of beliefs is their organization into clusters: 

where each set of beliefs is based on a small number of 

primary beliefs at the core of a concentric system. 
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Beliefs on the outer-most periphery, and therefore farthest 

from the center are more readily changed than those in 

further. There is a subjective and relational logic within 

systems or clusters of beliefs, but not necessarily between 

them. In considering the same number of beliefs, reducing 

the number of clusters would, therefore, increase the logic 

between those beliefs. Green concludes that teaching, when 

it is not indoctrination or a shaping of another's belief 

systems, is rather a developing of an individual's belief 

systems in a way that is subjectively evident and logical. 

Thus, teaching involves "the formation of people who do not 

simply believe the right things, but who believe them in a 

certain way" (Green, 1971, p. 52). 

Clark and Peterson (1986) treat beliefs along with 

theories as a part of teachers' thought processes. They 

cite Nisbett and Ross's (1980) idea that "some of this 

knowledge is organized in schematic, cognitive structures 

while other knowledge is represented as beliefs or 

theories" (p. 281). These "reasonably explicit 

propositions" assist the teacher in interpreting and 

understanding the "rapid flow of social events in the 

classroom. ;; However, the meager amount of space given to 



the topic may be indicative of either its unacknowledged 

place in the literature of the time, or an acceptance of 

the need for the concept, perhaps under teacher thinking, 

without agreeing on the term used to describe what we may 

call a "belief." 
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Kagan (1990) uses beliefs and knowledge 

interchangeably. In so doing, she includes a rich variety 

and sizable number of studies in her meta-analysis. "I do 

so in light of mounting evidence that much of what a 

teacher knows of his or her craft appears to be defined in 

highly subjective terms" (p. 421). Since the focus of her 

article is methodological, the wide array of research 

provides the breadth for such an analytic overview. The 

difficulties inherent in research on teacher beliefs are 

also shared by those in teacher knowledge, in most cases. 

The importance of teacher beliefs when implementing 

new policy is reported by Eisenhart et ale (1987). They 

define belief as a shared statement of relationship--a 

statement accepted as true. CUlture is defined as this 

shared set of beliefs by a group, while personal beliefs 

are individual acknowledgements of something held to be 

true. However, individual versions of truth (personal 

beliefs) must fit within the parameters of the larger 

cultural model. Beliefs are learned through interaction 

wi~~in ~~e culture as people respond to each other ~~d to 
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situations. This network of beliefs builds to form a 

belief system--a set of non-contradictory beliefs within a 

particular context. 

One of the most often used synonyms related to belief 

in the literature is "attitude." Civil (1990) contrasts 

these two notions in the context of mathematics education. 

She defines beliefs as a set of perceptions about the 

subject, quoting Schoenfeld's expression, "one's 

mathematical world view" (po 15). civil reviews the 

mathematics education literature describing belief with 

varying amounts of affect or cognition base. Her analysis 

describes attitudes as more affective, knowledge as purely 

cognitive, and beliefs as the bridge between the two. The 

lines drawn here, though convenient for discussion, and 

quantitative research purposes seem too neat, too well-

defined. The mental lives of real people may be less 

discrete. However, Civil talks about the reasons she chose 

to look at beliefs apart from knowledge, with the following 

argument. The field of mathematics, especially mathematics 

education, sorely needs more understanding of affect, 

attitude, and belief to counterbalance its heavily laden 

burden of proof nature. Civil capitalizes on this view in 

designing her research: 

There are two main reasons why I think looking at the 
beliefs of teac~er ~~didates is ;~portant. One-
especially relevant to preservice teachers because of 
their future role--has to do with the possibility of 



their transmitting their beliefs to their students. 
It is a similar situation to that of their attitude. 
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The other reason is the contribution of research 
on beliefs about mathematics to an increased 
understanding of behavior [during] a mathematical 
task. • • • I think that a key question when analyzing 
a student's performance is: how much is knowledge and 
how much beliefs? • • • In many situations both 
knowledge and beliefs probably play a role; the extent 
of each role is what I am interested in here. (p. 16) 

Brousseau (1988) used the terms "beliefs," 

"philosophies," and "views" interchangeably. Items were 

given to professors and prospective teachers, such as, 

"Teachers in grades 4-6 should assign at least one hour of 

homework each night," or "To be a good teacher, one must 

continually test and refine the assumptions and beliefs 

that guide his/her approach to teaching." These items were 

judged by the subjects on a 1-5 Lichart scale. strong 

agreement with an item classified it as an "educational 

belief" in the later discussion. The over-simplistic 

method, and the fact that the teachers could respond 

quickly and without reflection or ownership, leads to 

skepticism in regards to the results. But it promotes 

further questions, such as: are there varying levels of 

belief--some without a knowledge base? 

Lakatos (1978) speaks of two levels of belief, 

rational and non-rational believing. He supports the 

concept of rational believing, disagreeing with some of his 

contemporaries who refused to use the term. Lakatos cites 

a philosophic rather than a mere semantic difference. He 
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proposes a rational belief to be a part of scientific 

rationality in the sense of a theory or proposition to 

consider and test before coming to a scientific conclusion. 

Even lack of belief, Lakatos proposes, is useful, citing 

Newton and Maxwell's discoveries, despite personal 

disbelief. He goes on to describe all of science as 

progressing from and steadily replacing Greek myths. 

The propositions in the "body of technical knowledge" 
are, at best, the latest products of such progressive 
problemshifts. But what should make us rationally 
believe the latest link in a progressive problemshift 
whose initial proposition, after all, was backed by 
mere animal belief? At what point in a problemshift 
comes the sudden change from animal belief to rational 
belief? (pp. 220-221) 

Lakatos' distinction between "animal belief" and "rational 

belief" suggests the first as a mere "preferring" and the 

latter as having some sort of knowledge base, while 

acknowledging a foggy area in between. Lakatos describes 

himself as "not taking his beliefs too seriously," of 

refraining from being "hard core," and of never accepting a 

proposition or even scientific progress as being "beyond 

reasonable doubt." 

The hesitancy to use the term "beliefs" appears again 

and again throughout the literature--a sort of "disbelief 

in beliefs" (Lakatos, 1978). Zeichner (1986) is one who 

declines to use the term, referring instead to a less 

emotionally-laden word, perspactivas. Backar, Gaar, 

Hughes, and strauss (1961), in their study of the 
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socialization of medical students, define perspectives as 

"a coordinated series of ideas and actions a person uses in 

dealing with some problematic situation" (p. 34). 

According to this view, perspectives differ from attitudes 

s~nce they involve actions and not merely dispositions to 

act. Also perspectives are defined in relation to sp~cific 

problematic situations and do not necessarily represent 

generalized beliefs or ideologies. The construct of 

perspectives has been widely utilized in studies of teacher 

socialization (as reported by Zeichner, 1984, p. 137). 

Zeichner's approach to beliefs is a broad one, 

comparing beliefs or "generalized beliefs" to "ideologies." 

Zeichner is consistent in his use of the word "perspective" 

throughout his scholarly work, as these examples 

demonstrate; "origin of teacher perspectives," "images of 

teacher, learner, knowledge, curriculum, and professional 

which are subtly communicated •.• " (p. 143), etc. It 

could be debated whether perspective is not merely a 

synonym for belief within the context of Zeichner's work. 

carter (1990) attacks the use of the term "perspective" as 

dated, vague and, therefore, of little use in the 

discussion of teacher beliefs. Doyle's (1990) theory of 

content, as the teacher's subjective view and 

interpretation of how subject matter content will be 



carried out in the classroom context, approaches a 

definition of teacher belief. 
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The "subjectively reasonable belief" of Fenstermacher 

(1978) appears to be the beginning or, at least, the 

foundation of the research in the field on teachers 

beliefs. According to Thompson (1986), he gave beliefs 

legitimacy as a worthwhile area of study in teacher 

education. 

The literature investigates types of knowledge that 

relate to teacher beliefs and practice: curriculum script 

(Putnam & Leinhardt, 1986); event-structured knowledge 

(Nelson, 1986); knowledge-in-action and knowledge-in

practice (Schon, 1983, 1987); tacit knowledge and belief 

(Polanyi, 1962); personal practical knowledge (Clandinin, 

1985; Clandinin & Connelly, 1986); situated knowledge 

(Leinhart, 1988); interpersonal reasoning (Noddings, 1991); 

well-remembered event knowledge (Carter, 1991); clinical 

reasoning (Copeland, 1989); practical knowledge (Elbaz, 

1981); teachers' practical constructs (Elliot, 1976-77); 

practical rationality (Green, 1976); practical-arguments 

(Fenstermacher, 1986); use of practical-arguments to unpack 

teachers' beliefs (Richardson & Anders, 1990; Richardson

Koehler & Fenstermacher, 1988; Hamilton, 1989; Vasquez 

Levy, 1991). In all of these cases, knowledge is seen as 

more than a formal abstract concept, but in some way 



intersects with the classroom culture and the purposes of 

instruction. 
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Shulman is most noted for the term, pedagogical 

content knowledge (Shulman, 1986, 1987). He defines it 

best within the framework of novice teachers preparing to 

teach their content, and how they develop a different type 

of subject matter knowledge that is enriched by other types 

of knowledge--knowledge of the learner, knowledge of the 

curriculum, knowledge of the context, knowledge of 

pedagogy. Pedagogical content knowledge has been 

represented as the overlapping area between theoretical 

knowledge and practical knowledge. Shulman and his 

students understand pedagogical content knowledge to be an 

all-inclusive term consisting of: (1) knowledge and beliefs 

about the purposes for teaching a subject at different 

grade levels, (2) knowledge of students' understanding, 

conceptions, and misconceptions of particular topics in a 

subject matter, (3) curricular knowledge, that is, 

knowledge not only of textbooks and other materials 

available for teaching a particular subject matter, but 

also a knowledge of what students have learned in the past 

and what they are l;kely to study in the future; and (4) 

knowledge of instructional strategies and representations 

for teaching particular topics, and including decision

making and teacher belief (Grossman, 1990, pp. 8-9). 



Teacher Change and Staff Development 

Organizational Change 
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Programs that focus on organizational change are 

usually in the form of case studies with inconclusive 

results (Richardson, 1990j but are suggestive of ~~e 

organizational factors that contribute to staff development 

success. From these studies we have learned that if 

attempts to help teachers to change pay attention to the 

sorts of concerns teachers have about their own practice, 

they are more likely to be successful (Hall & Loucks, 

1978). Blase (1987) goes even further with his analysis of 

the politics of the school. He suggests that change and 

innovation cannot occur in the school without attention 

paid to the politics of the microcosm. 

If teachers are to be involved as collaborators in 

both the identification of problem areas and the search for 

solutions, and they perceive themselves genuinely 

empowered, reform efforts are more likely to be implemented 

and to last (Lieberman & Miller, 1984; Rosenholtz, 1989). 

Fullan, Bennett & Rolheiser-Bennet (1989) and Rosenholtz 

(1989) recognize that teachers need to work collaboratively 

and from a sound knowledge base in an environment conducive 

to learning in order for change to occur. If teacher 

education designed to effect changes in schools is 

characterized by "norms of collegiality, ee that is, if 
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teachers and administrators communicate frequently about 

their work, observe one another teaching, and if teachers 

and administrators plan, design, research and evaluate new 

programs together, then the teachers are more likely to be 

motivated to change and the changes will be sustained 

(Little, 1981). We have also learned from these studies of 

schools that these kinds of conditions do characterize some 

schools, and that they are difficult to initiate in schools 

that lack them (Little, 1984). 

The RITE research team (Griffin, 1986), after 

surveying vast amounts of data, gleaned seven stable 

variables or attributes that exist in successful clinical 

teacher education programs. The seven, it is contended, 

are to be present as a unit to ensure program success. 

"The program must be embedded in the school context, and be 

(1) context sensitive, (2) purposeful and articulated, (3) 

participatory and collaborative, (4) knowledge-based, (5) 

ongoing, (6) developmental, (7) analytic and reflective" 

(p. 7). 

Individual Teacher Change 

Besides organizational factors, such as participative 

decision making, encouragement of experimentation, and warm 

and friendly staff relations, Smylie (1987) perceived 

classroom obstacles and the psychological states of 
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"certainty of practice" and "personal teaching efficacy" as 

critical to the change process. Zumwalt (1982) maintained 

that the effective teacher was one who weighed events and 

reflected on experiences. Fullan, Bennett, and Rolheiser

Bennett (1989) also suggested reflection as well as inquiry 

in order for change to occur. Rosenholtz's (1989) research 

concluded that an environment of collaborative effort 

accommodating individual differences and the change itself 

were strong factors in the enhancement of professional 

development. 

Guskey (1988) and Fullan (1985) associate change with 

a linear process that first concentrates on the innovation 

itself, presenting the new strategy, materials, etc., 

teacher experimentation with the innovation in their own 

classroom, student achievement, followed by teacher belief 

change. Their premise is that once teachers use the 

innovation and witness the enhanced student learning that 

comes about as a result of it, their beliefs will then 

change. 

Traditional inservice programs are typically top-down 

in nature with the staff developers deciding what is good 

for teachers, then urging them to restructure their 

teaching to encompass the innovation. Such a structure 

results in teacher "learned helplessness." Griffin (1991) 

regards this traditional type staff development as "rooted 
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in a theory about teachers as relatively nonreflective 

workers, people who need someone with more authority to 

pass judgement on the quality of their practice" (p. 247). 

In this regard Cuban (1988) refers to first and second 

order change. Programs interested in modifications to 

teachers' behavior CUban would categorize as first order 

change agents, and those that have as their goal a deeper 

more value-oriented change as second order change agents. 

CUban's insights may prove helpful in explaining 

disappointing results in group level staff development 

efforts with a one-dimensional focus. 

The Concerns-Based Adoption Model (Loucks-Horsley & 

stiegelbauer, 1991) was conceived to provide useful 

information for staff developers about change and its 

effects on teaching, learning, and in particular, the 

individual. Over the years it has fashioned the data 

received from numerous programs into a working model and 

derived the following principles for understanding the 

change process: 

1. Change is a process not an event. 

2. Because the individual is a key player in the 
change process, his or her needs must be the 
focus of help and support designed to facilitate 
change. 

3. Change is a highly personal experience. 

4. The change process is develop~a~tal_ 



5. Well-designed staff development results from a 
measure of diagnostic/prescriptive thinking. 
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6. Staff developers need to have a systemic view of 
change and constantly adapt their behaviors as 
the change progresses. (pp. 17-1&) 

McLaughlin and Marsh (1979), in describing the results 

of the Rand study, found that neither amount of experience 

nor verbal ability were correlated with the degree of 

teacher change toward the program innovation. According to 

Mclaughlin, a teacher's sense of self-efficacy--the belief 

that a teacher can help the most difficult or unmotivated 

students--was the most powerful predictor of teacher change 

toward innovation. 

In their study, "Towards a Constructivist 

Perspective: An Intervention Study of Mathematics Teacher 

Development," Simon and Schifter (1991) purported to: 

1. Create an innovative inservice program for 
precollege teachers of mathematics based on 
recent research and theoretical work, 

2. study the effects of this program on the 
teachers' thinking and practice, and 

3. study the effects of this program on the students 
of the participating teachers. (p. 309) 

The researchers, inservice program developers, defined 

constructivism "moderately," quoting Cobb (1991) for their 

theoretical framework: 

The core idea is that learners actively constr~~t 
their own understandings rather than passively absorb 
or CODV the understandinqs of others. The construction 
of new-understandings is-stimulated by a problem 
situation that is a situation which disturbs the 
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individual's current organization of knowledge. • •• 
Concurrent with the construction of knowledge by the 
individual, is the social construction of knowledge by 
the group to which the individual belongs. • • • As 
group meanings are negotiated, group members engage in 
making sense of and resolving dise~~ilibrium caused by 
differences between their ideas and those of others. 
(p. 310) 

The meaning of staff development, in the framework of 

this Educational Leaders in Mathematics (ELM) Project, was 

that of extending the influence of the NCTM CUrriculum and 

Evaluation standards for school Mathematics (1989) to 

experienced teachers in the field. The philosophy 

underlying the program was to extend the constructivist 

notion from the education of children to its use with 

adults at adult levels of learning. The adults involved 

were volunteer teachers interested in the learning of 

children. Simon and Schifter (1991) alleged that teachers' 

views of learning can be changed to align with 

constructivist theories and resulting pedagogy through the 

use of the same underpinnings and strategies modeled on an 

adult level through the staff development process. Besides 

the importance of change in mathematics educational 

thinking and practice, simon and Schifter also discussed 

the importance of individual teacher empowerment by means 

of "the development of their own epistemological view that 

enables them to base decisions on their own, informed, 

professional judgement" (p. 329). The teachers' writings 

were analyzed using the "phenomenographic" methods outlined 



by Marton (1988), which sort data by structurally 

significant differences t&~at "clarify how people define 

some specific portion of the world" (p. 317). Scoring 

involved highly specialized levels of constructivist 

attainment, adapted from Hall's (1975) "Levels of Use" 

instrument. 
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Smylie (1987) studied the relationship between teacher 

change in the context of staff development. These studies 

revolve around his interest in the relationships among 

organizational factors, knowledge and beliefs, and change 

in teacher practices. The significance of the study is in 

Smylie's choice of "psychological variables" to study. The 

impact of a teacher's sense of his/her own efficacy as a 

teacher has on ability to change was one of several of 

these variables. Quantitative analysis of the data 

revealed that two of the variables, belief in teaching 

efficacy and class size, were significant in relation to 

adoption of the new strategies. 

Teacher Belief Studies Specific to Mathematics 

In reviewing the literature in this area, three types 

emerged: (1) staff development/teacher education studies 

with the intent to influence or change teacher beliefs; (2) 

theory into practice research with its emphasis on 

teachers' applications of their beliefs; and (3) 
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naturalistic constructivist studies with emphasis on how 

teacher beliefs relate to goals, students and the context 

of the classroom. These categories are not distinct. Some 

overlap will necessarily occur within the discussion. 

However, these categories do provide a framework within 

which to compare, contrast and address issues. 

Change Studies 

Madsen-Nason et al. (1987), in their inservice model 

for changing teachers instructional beliefs, presented a 

limited version of teachers beliefs as purely 

method/content related. Their top-down style staff 

development of 12 middle school mathematics teachers was an 

attempt to "unfreeze" past instructional beliefs, change 

them, then "refreeze" them (p. 7). Little emphasis was 

placed on the teachers' rationales for their beliefs. 

Another study that concentrated on teaching styles and 

methods (Pirie, 1986) did so within an inservice mode as 

well. This two-year project consisted of two-hour sessions 

during which the teachers engaged in mathematical 

investigations. No mention was made of the mathematics 

content involved in the investigations, nor was a pre

assessment made of teachers' existing beliefs. An open

ended questionnaire was used to ascertain their beliefs 

following the inservice. 
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In contrast, Schram and wilcox (1986) devised a very 

complex mathematical concept scale to answer the two 

questions "What does it ~ean to know mathematics?" and "How 

is mathematics learned?" This etic framework was then used 

to compare two preservice teachers' beliefs over time. The 

paper presents the two case studies from field notes and 

video-taped mathematics education classes. Results 

indicated that "Allison" changed her beliefs and moved "up" 

the proposed scale to the highest level, while "Denise," on 

the other hand seemed to be adapting these conceptual ideas 

to fit the framework of beliefs she brought to the course" 

(p. 354). Similar research, and also from Michigan State, 

was a case study of Helga (Weinberg and Parker, 1988). 

Helga was found to have changed her mathematical beliefs, 

as implied by her changed classroom practices, after 

attending a teacher study group on mathematics that met for 

an hour and a half weekly "to develop understanding of 

mathematics through doing and discussing math problems" 

(p. 320). The emphasis of the inservice was on changing 

teacher beliefs to value learning as a social process and 

mathematics as thinking and making sense of problem 

situations. An interesting effect of the project appeared 

to be Helga's increased sense of competence in mathematics 

that lessened her reliance on the authority of others. 
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Maher's (1988a, 1988b) vision of the teacher was also 

a nontraditional one as evidenced in her models depicting 

the teacher as observer, learner, guide, designer, 

implementer, and evaluator. The first article described 

Maher's work with four inservice teachers over the course 

of a year. After intense study of Maher's models, the 

teachers acted out the differing roles of the teacher under 

the researcher's guidance. Finally they were asked to 

identify changes in their perspectives and teaching 

practices. The second article involves the same project, 

but is a case study of two of the teachers. 

Jean Dionne's (1986) experimental study of 12 Canadian 

inservice teachers' beliefs set out to change what he 

refers to as the four problems in mathematics education: 

(1) influence of formalism; (2) the stressing of symbolism; 

(3) the strong behaviorist influence; and (4) the 

exaggerated focus on pupils' answers rather than their 

reasoning. He tied these problems to teachers' 

"philosophic perceptions of mathematics and to conceptions 

of learning" (p. 84). Dionne proposed to remedy these 

teacher beliefs in his 45-hour mathematics education 

course. Unique research instruments included pre- and 

post-questionnaires, a "corrections test," and an extended 

interview for the 12 i~se-"\,7ice 

teachers. 
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Two studies that used video tapes and stressed teacher 

reflection 1 but in contrasting ways, are those by Jaworski 

(1986) and Waxman (1988). The Jaworski study used video 

tapes with the purpose of stimulating group discussion and 

reflective activity. During the staff development, 

teachers viewed tapes of themselves and other teachers 

while their comments were audiotaped. The paper, 

interestingly enough, reported different teachers viewing 

the exact same tape segments and noting unique points, due 

to their differing belief systems. The tapes used in the 

Waxman study were of students solving mathematics word 

problems (still pictures were also used). Teacher beliefs 

were confronted in group formats using the pictures, tapes, 

triadic problem solving, and mathematical autobiographies. 

The teachers included nine preservice and six inservice. A 

different aspect of this research was the three concluding 

typifications of teachers based on belief data obtained 

during the workshops: (1) the "traditionalist;" (2) the 

"constructivist;" and (3) the "reflective math-phobic" (one 

who holds beliefs in one paradigm but acts in another). 

The author, while recognizing the limitations of the 

categories, related each type to his/her beliefs about 

learning mathematics and teaching. Waxman's conclusions 

qualitatively recognized the benefits of reflection for all 

three types as represented in the study and the need for 
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teachers to get in touch with their existing beliefs prior 

to change efforts. 

Theory into Practice studies 

Davis (1987) argued "that the practical work of 

teaching can and should be in continuous contact with 

continually-evolving theory • every practical teaching 

decision is based on theories--it is just that these 

theories are often implicit, tacit, and unexamined" 

(p. 97). He then described the education course that he 

taught to preservice students; its philosophy 

(constructivist) as contrasted to more traditional types, 

types of beliefs students enter the course with, their work 

with students and how this is influenced by their beliefs, 

a case study, and some typical exit beliefs. Davis' 

deduction was that much of what a student/teacher believes 

in regard to mathematics education is based on personal 

definitions of mathematics. Those that defined it as 

orthodox rituals had difficulty accepting the 

constructivist viewpoints and methods of the instructor. 

Lampert's (1990) study of herself as teacher and how her 

beliefs about mathematics and mat.~ematics education methods 

"unpack" in a fifth grade classroom concentrated more on 

students' beliefs. But in the sense of bridging the gap 

between the two, her research can be viewed as an important 
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link. She wrote of a "community of discourse" and, 

although Lampert still puts the teacher in the role of "the 

knower of mathematics," she attempted to recreate the 

social and inquisitive atmosphere of discussion paralleling 

that of mathematicians. 

Cooney's (1985) longitudinal case study of an 

education student-new teacher depicted a modification of 

the subject's belief system by the classroom situation. A 

problem-solving approach to teaching mathematics was the 

subject's expressed view until practical issues and 

dilemmas superseded, forcing it into a secondary, 

"recreational" role. (See also Zeichner, 1986). Thus, 

Cooney concluded, teachers' theoretical beliefs, though 

influencing teaching actions do not necessarily imply 

action. D'Ambrosio (1985) referred to this aspect in his 

discussion of "ethnomathematics" citing numerous factors, 

besides and including subsets of beliefs, such as history, 

communication, culture, society, and reality of the 

classroom. Zeichner (1986) referred to this phenomenon as 

institutional influence. Bolster (1983) discussed the 

difference between a "formulated" belief (how knowledge 

about teaching is perceived, discovered, and structured) 

and a "determined" belief (where this knowledge is verified 

or proved) (p. 295), thus bringing up the age old issue 

again of theory versus practice. 
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• • • Valid knowledge of teaching must be based on a 
holistic conception of the classroom which assumes 
multiple causation of events. From the teacher's 
viewpoint, children are not the "passive recipients of 
instructional treatments." Rather, what a teacher 
decides to do at anyone moment in a class session is 
very likely to depend on an assessment of what has 
just occurred. Any single event, therefore, may have 
several meanings depending on variations of person or 
circumstance. . • • (p. 299) 

The classic case studies of Thompson (1984) provided 

an in depth look into the philosophies and actions of three 

middle school mathematics teachers. Jeanne, who thought of 

mathematics as a "collection of interrelated concepts and 

procedures," an organized logical system of symbols at a 

formal structural level with little practical utility, was 

observed in her classroom discouraging student questions of 

real life application. 

The students' participation typically was limited to 
responding to her questions which, for the most part, 
were intended to elicit short, simple answers, and she 
had a tendency to disregard the students' suggestions 
and not to follow through on their ideas. (p. 112) 

Kay's view of mathematics was one of challenge and 

opportunity to use reasoning skills, its primary purpose 

was a tool for the sciences. Her teaching centered around a 

heuristic problem-solving approach. "She frequently 

encouraged the students, in a rather persuasive tone, to 

guess, conjecture; and reason on their own, explaining to 

them the importance of these processes in the acquisition 

of mathematical knowledge" (p. 113). Lynn defined 

mathematics as a collection of facts that are predictable, 



absolute, and fixed, where correct procedures guarantee 

right answers, and emotions play no part. "Her teaching 

was characterized by a prescriptive approach in which the 

objective was clearly to get the students to memorize 
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specific procedures" (p. 115). She indicated that ~~e only 

enjoyment that could come from mathematics was ~~e 

satisfaction a student could attain from getting the right 

answer. Thompson then related the teachers' beliefs about 

mathematics to the roles of the teacher and the student, 

planning, concern for the student and expected outcomes. 

Thompson concluded that although there were many factors 

that influence a teacher's practice, his/her beliefs, 

views, and preferences about mathematics and its teaching 

did playa significant role. However, Thompson's results 

suggested that teachers beliefs about teaching in general 

and social and emotional factors in regard to students "are 

likely to take precedence over other views and beliefs 

specific to the teaching of mathematics" (p. 125). 

constructivist studies 

Several researchers appear to have demonstrated 

interest in studying constructivist beliefs teachers 

possess. They look at how teacher beliefs and student 

beliefs comprise the context of learning and teaching 

mathematics as well as what comprises the maL~ematics 
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is learned and taught. These researchers are interested in 

how goals are interpreted in light of beliefs as well as 

the authoritative versus the negotiatory roles of teachers, 

culture, texts, tasks, and students, and how all of these 

factors influence the meaning of what is learned, the 

responsibility for learning it, and the ownership of the 

knowledge itself. 

Bauersfeld (1980) discussed the "hidden dimensions" or 

participants' theories of the mathematics classroom. 

Examples included human interaction, the function of 

language, the generation of meaning, and symbolic 

interactionism. "In the human sciences different actions 

and different concerns often produce different theories, 

and different theories in turn produce different realities" 

(po 25). One such "different theory" was evidenced in 

Henderson's study (1981) of his own teaching. 

Gradually, after much persistence and with the help of 
friends, I began to sense that I had blinders on--that 
my ways of understanding calculus had blinded me to 
other ways of perceiving. I saw that many people in 
the class had real questions about the meaning of 
limits and derivatives--questions which I could not 
answer or questions which I then started to explore 
for the first time. I lost a certain narrow feeling 
of certainty but gained a broader perspective. Now I 
perceived calculus in a different way. (po 12) 

Cobb (1988) wrote about the issue of constructivist 

theories as attractive conceptually, but difficult to apply 

to education with its tradition of assuming instruction to 

be the transmission of knowledge. 
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The central assumption of the transmission view of 
teaching and learning is that meaning is inherent in 
the words and actions of the teacher or in objects in 
the environment • • • constructivism challenges the 
assumption that meanings reside in words, actions, and 
objects independently of an interpreter. (p. 88) 

Cobb/s view was that teacher beliefs cannot be treated 

independently from those of the student--that all of 

learning is basically a negotiation between the two until a 

common ground is reached, or something blocks it from 

happening at all. He described a teaching experiment with 

Monica, a first grader, in which the teacher used a 

constructivist method to assist Monica in revising her 

mental framework regarding subtraction concepts. Cobb 

further expressed the view that using authoritative methods 

increases compliance type behaviors that results in the 

loss of meaning and, therefore, are antithetical to 

constructivism. 

The "Perry Development Scheme," a scale used to codify 

both teacher and student beliefs, has been referred to and 

used consistently in the literature (Ernest, 1991; Copes, 

1982; Stonewater, 1986). Although Perry was said to 

include nine positions in his scale, Copes dealt with only 

two of them and their relation to mathematics education, 

dualistic and multiplistic views. The "authority" that 

Cobb referred to previously is examined here in relation to 

where it lies in regard to the teaching and learning of 

mathematics. A person with a dualistic framework "believes 
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every question has an answer, that there is a solution to 

every problem, and that the role of authority is to know 

and deliver those answers and deliver those truths" (p. 

38). Copes' study of college students and how they fit 

into the Perry scheme concluded with three levels of 

implications, the last of which implied that students move 

from traditional dualistic beliefs so that "The figure 

becomes ground; 'mathematics education' becomes educational 

mathematics" (p. 43). stonewater's choice of three 

Master's level teachers for his study was based on their 

Perry developmental level. He discussed the three 

fundamental differences in the three teachers' beliefs 

about the nature of truth in mathematics and the role of 

authority in understanding mathematics as expressed in the 

interview data. Ernest (1991) modified the Perry scheme 

into the following five perspectives that include moral as 

well as intellectual values: (1) dualistic absolutism 

touting the certainty of knowledge based on authority; (2) 

multiplistic absolutism where mathematics is certain but 

can be applied in a variety of ways with no single basis 

for choosing procedures, methods, algorithms, or pragmatic 

choices; (3) separated relativistic absolutism in which 

mathematics is viewed as a body of certainty based on logic 

and proof with an emphasis on structure and formalism; (4) 

connected relativistic absolutism where mathematics is 
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again viewed as a body of certainty based on logic and 

proof, but with an emphasis on context and the individual's 

role in knowing and coming to terms with the subject; and 

(5) relativistic falliblism, a "highly consistent and 

integrated position:: of social constructivism with its 

acceptance of multiple intellectual and moral perspectives 

(pp. 117-119). Other theories, such as those of Kohlberg 

(1969); Loevinger (1976); Cummings & Murray (1989); 

Kitchener & King (1981); Belenky, Clinchy, Goldberger, & 

Tarule (1986) have seemingly less applicability to the 

field of mathematics education due either to their lack of 

span into later adulthood, breadth of knowledge and ethics, . 

or their definition of knowledge by use rather than 

structure (Ernest, 1991). 

Other Research on Teacher Beliefs in Mathematics 

In, "Teachers' Pedagogical Content Beliefs in 

Mathematics," Peterson, Fennema, Carpenter, and Loef (1989) 

studied the relationships among teachers' pedagogical 

content beliefs, teachers' pedagogical content knowledge in 

addition and subtraction, and students' achievement. 

Specific research questions included: 

1. What are teachers' pedagogical beliefs about 
mathematics, curriculum, and instruction in 
addition and subtraction? 

2. How are teachers' pedagogical content beliefs 
reflected in their reports of their approaches to 
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teaching, their choices of mathematics content, 
their conceptions of the role of the teacher and 
the learner, and their goals for instruction? 

3. Is there a relationship between teachers' 
pedagogical content beliefs and their students' 
achievement, including achievement of 
computational skills (number facts) as well as 
problem solving? 

4. What is the relationship between teachers' 
pedagogical content beliefs and their pedagogical 
content knowledge? (p. 5) 

These researchers distinguished between teachers' 

pedagogical content knowledge and their pedagogical content 

beliefs and correlate each to several other variables and 

to each other. The dichotomy provided information within 

this line of research. They found that teachers agree most 

in their belief that mathematics skills of addition and 

subtraction should be taught in relation to word problems, 

and agreed least on how children learn mathematics--by 

constructing it themselves or by knowledge transfer 

methods. The "cognitively-based believers" did not always 

carry their expre~sed belief through to the practice level. 

They taught skills and problem solving separately, while 

touting the belief that they should be connected. 

The case study of Ms. Daniels, a preservice teacher, 

by Eisenhart, Borko, Underhill, Brown, Jones, and Agard (in 

press), highlighted the difficulties inherent and 

historical in teaching mathematics conceptually (as opposed 

to procedurally). Eisenhart et al. analyzed the processes 
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and tensions preservice students underwent in a mathematics 

methods course for preservice elementary school teachers. 

In the course, the levels of understanding the algorithms 

were presented as a step-by-step process beginning with the 

concrete and proceeding to the abstract in an orderly 

fashion. This algorithmic-like mode of presentation along 

with the pressures to know material for examinations led 

the preservice teachers to memorize course material, even 

though the intent of the professor was deep understanding. 

When Ms. Daniels' interned, she most often, depending on 

the classroom situation, reverted back to teaching 

mathematics on the procedural level. 

Burton (l990) delineated four teacher beliefs she 

found common in primary school mathematics teachers. "The 

simplicity belief," she described as the assumption that 

because the subject of mathematics becomes more and more 

complex, that the learning of the subject must progress 

from simple to difficult. The "belief in enjoyment", 

Burton referred to as the teacher assuming that the fact 

that a student is entertained necessarily implies 

mathematical learning. Burton suspected a lack of a clear 

definition of "enjoyment" or even the lack of experience of 

the thrill of an intellectual challenge, to be part of the 

misinterpretation of this trend, and further designated the 

emotions of "pleasure, frustration, satisfaction, 
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impatience, and so forth" to be appropriate to the learning 

of -mathematics (p. 340). The "belief in reality" which 

Burton suggested to be the assumption that what is concrete 

and transparent for the teacher, such as the base 10 blocks 

in representing place value, holds that same image for the 

child. In other words, Burton explained that the child's 

inner representation may not correspond to the teacher's 

beliefs of such. 

This notion of the real world and the mathematical 
abstract world, which for many teachers of young 
children is an algorithm for placing the child into a 
mathematically abstract context supported by some form 
of concrete representation, is a fundamental 
misconception. (p. 341) 

The "empty vessel belief" that Burton described is the view 

of mathematics that pervades schools and textbooks as a 

codified body of knowledge and skills where X knows 

something Y must learn. It is X's job to fill up Y with 

these requisite knowledge/skills. It is Y's job to 

reproduce that knowledge on demand (p. 342). Burton saw 

this common teacher belief as being uprooted by what she 

calls disassociating the curriculum from the syllabus. 

Instead of rushing headlong through a mathematics 
program, impelled to move on to the next page or next 
book, pupils need space to stop and consider what is 
new about their current state, what they still do not 
understand, and so on. Teachers need space to 
consider the surprises with which certain pupils have 
confronted them," and so on. (p. 344) 
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Practical-Argument Research 

Using Green's notions of teaching and in an effort to 

minimize the number of separate belief clusters, 

Fenstermacher envisioned a process he called practical-

arguments. This process enables the teacher to become more 

aware of his or her beliefs through reflection on them in 

relation to other beliefs as alluded to by the "other." 

The dialogue, itself, empowers a depth of reflection by the 

act of hearing beliefs spoken aloud in the presence of 

another (the "other"), rather than merely internalizing an 

already confirmed belief. This forces the teacher to 

attach to statements evidence of various sorts (whether 

logical or psychological) to defend those beliefs publicly. 

The rationalization for change or teacher development was 

that this examination would empower the teacher (him or) 

herself to re-cluster beliefs in efforts to make fewer 

systems with more rational connections, following such in 

depth analysis. This was conceived of differently than 

what has been perceived in the past as teacher inservice. 

Richardson and Anders (1990) relied on the ideas of 

Green and Fenstermacher in their Reading Instruction Study 

(1990). Richardson and Anders' multidimensional approach 

adapted and furthered Green's and Fenstermacher's 

conceptions. Their view of staff development highlighted 

change in teachers beliefs ~~ough reflective dialc~~e i~ 
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both group and researcher-teacher conversations. In an 

effort to empower teachers and at the same time provide 

teachers with an awareness of the advances in the field of 

reading, these researchers developed a unique program of 

staff development based on the individual as the component 

of change. In contrast to Guskey and Fullan's approach, 

Richardson and Anders envisioned that teachers' 

professional beliefs would change prior to or at the same 

time as change in their pedagogical styles.! Teachers were 

empowered to set their own agenda and to dialogue on 

professional topics in a group format. After being 

interviewed to ascertain their beliefs, they were met with 

individually using video tapes of themselves teaching and 

the practical-argument process of Fenstermacher (1986). 

Awareness of inconsistencies in their beliefs and in the 

relationship of their beliefs to their classroom practices 

prompted resolution by the teachers themselves with little 

intervention of the staff developers (Richardson & Anders, 

1989). The cognitive disequilibrium motivated the teachers 

to change in order to establish a new state of equilibrium 

or re-clustering of beliefs. This resulted in many of t.~e 

teachers' incorporating the innovation. The Richardson and 

Anders (1990) approach also aimed at CUban's second order 

1 Richardson (1992) has since moved to a position 
embracing both models of Change. 



of change by focusing on change in teachers' beliefs 

through reflective dialogue. 

This notion of reflective-dialogue staff development 

derived from the work of Green and Fenstermacher and 

adapted from the Reading Instruction study (Richardson & 

Anders, 1990), provided the basis of the present 

dissertation study. 
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METHOD 

Introduction 

64 

The goal of my research was to illustrate and analyze 

the beliefs, values, and practices of three elementary 

school teachers in conjunction with a reflective-dialogue 

staff development program in the area of mathematics. My 

questions arose from the data as categories became clear 

during the analysis. I had some general awareness, if not 

formulated questions, guiding my research which were the 

result of my previous work with preservice and inservice 

teachers, my background as an elementary school teacher, as 

well as my readings. These experiences also influenced my 

personal beliefs about mathematics as a field and as a 

school SUbject. In fact, my approach as staff development 

facilitator served my research goal. One of my primary 

roles was to create the setting that would allow me to 

enter my subjects' world as far as mathematics was 

concerned in their professional lives. As I immersed 

myself in thinking about and analyzing the subjects' ideas 

about mathematics, issues to which I had paid little 

attention before (such as their views about memorization, 



and the roles of verbalization and visualization) emerged 

and became part of the research as well as the dialogue. 
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The method of research for this study falls within the 

boundaries of qualitative inquiry (Erickson, 1986; Lofland 

& Lofland, 1984). In the sections that follow, I first 

give some general facts about my access to the school, the 

staff development program, and the subjects. 

Access 

In the fall of 1991, I approached the principal of an 

elementary school with plans to incorporate my dissertation 

research in mathematics education into a staff development 

program. The idea was based on the premise that teachers' 

beliefs were connected to classroom practice. Based on the 

premise that teachers' reflection on their beliefs and 

practice, as well as alternative beliefs suggested by the 

staff development dialogue, would have an effect on their 

professional lives. The principal was brand new, and the 

teachers, after having been the control group in a previous 

research project, appeared well disposed to the study. 

Their concerns, as expressed at the introductory meeting at 

which I was the major speaker, centered arotL~d mentoring 

needs and time constraints. The Principal, Megl, was 

familiar with the format of the staff development and the 

2 The names of all persons and places are pseudonyms. 



the theoretical framework, having been a graduate student 

assistant for a larger reading study of similar design. 3 
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Meg encouraged the teachers to participate, rendering it a 

worthwhile endeavor, while expressing understanding of the 

time constraints and other work-related pressures that 

would naturally be considerations in their voluntary 

participation. Sue, a 5th grade teacher signed up the same 

day. A week later, and after negotiating district salary 

credit for the teachers in the study, I received positive 

responses from another 5th grade teacher, Gena; and two 

fourth grade teachers, Bob and Pam. Gena dropped out of 

the study shortly before the second semester, citing health 

problems and a lack of interest in what she referred to as 

"introspection." Claxton (1992) uses this same term in the 

context of reporting teacher beliefs that militate against 

change: " • • 11. Introspection is dangerous and/or self-

indulgent. Worthwhile people are doers, not thinkers or 

reflectors" (p. 48). 

These three teachers, Sue, Bob, and Pam, became the 

focus of the major part of the study. I followed them 

closely during the two semesters of the 1991-92 school 

year. Ethnographic interview and participant observation 

comprised the main methodological approaches (Spradley, 

3 The Reading Instruction Study (RIS), was an OERI, u. 
S. Department of Education Grant #G008710014. See 
Richardson & Anders, 1990. 
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1979, 1980). As the purposes of the study focused on 

change in beliefs and related practice, elicitation 

techniques, such as belief interviews and practical

arguments (Fenstermacher & Richardson, 1991) were employed. 

Such qualitative data became useful in the form of 

personalized narrative descriptions of beliefs and practice 

that would have been impossible with other more 

quantitative approaches. 

This chapter is devoted to providing descriptions of 

methods of collecting and analyzing the data, and the staff 

development components. The first aim of the chapter is to 

introduce the informants (participating teachers) within 

the context of the school, its environs, and its principal, 

also an informant in the study. Then, I will describe the 

setting of the study, the staff development program and its 

components. The overall goal of this chapter is to place 

the study and the investigator within a discernable 

research framework. 

The Qualitative Rationale 

The choice of qualitative methods unfolded naturally 

from my research inquiry into the teachers' values and 

beliefs in relation to their practice. It was a natural 

choice in a study of teachers and the enhancement of 

qualitative thought as referred to in recent mathematics 
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education documents as well as in the following description 

of goals of qualitative research: 

Qualitative inquiry is exercised in all forms of human 
activity, in the creation of salads and symphonies, in 
the design of schools and sanctuaries. The art of 
teaching, at its best, exemplifies the use of what 
John Dewey referred to as ~~alitative thought. The 
fine-grained adjustments that good teachers make in 
speaking to individual children, their vision of 
options that can be pursued in a classroom, their 
assessment of levels of student interest and 
motivation, and their appraisal of student comportment 
as well as their written and verbal expression--all 
require the use of qualitative thought. (Eisner & 
Peshkin, 1990, p. 366) 

In order to say, "This is how I understand each 

teacher's beliefs," I had to not only interview them using 

an open-ended method, but also observe their classroom 

cultures in which their beliefs were being enacted. The 

negotiation process that followed my understanding of their 

beliefs was a process of not only trying to make their 

beliefs explicit, but also a compare and contrast process 

with the literature and group discussions in an attempt to 

develop the underlying mathematical concepts and teaching 

beliefs and to enhance teacher practice. I needed to 

investigate how meanings of mathematics were negotiated 

between the players in the classroom and school culture; 

ethnography provided the means for accomplishing that goal. 
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Purpose of the study 

The purpose of the study, therefore, was to ascertain 

the beliefs, values, and practices of three elementary 

school teachers in regard to mathematics and the teaching 

and learning of mathematics; to discover and enhance the 

teachers' professional development through the use of 

reflection and dialogue with the researcher and their 

fellow colleagues. 

Research Questions 

1. What is the focus of the teachers in this study in 

regard to various aspects of their professional lives? 

2. How do the teachers in this study regard 

professional development, particularly in mathematics? 

3. What are the teacher's major values and beliefs in 

regard to the teaching and learning of mathematics in the 

classroom? What is the role of the teacher? What is the 

role of the student? What is the context? 

4. What do the teachers in this study concentrate and 

reflect on in regard to their professional practice? 

5. What effect, if any, will the reflective-dialogue 

staff development have on the teachers' beliefs, values, 

and practice? What change is individual? Is any change 

common to all three teachers in the study? 
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Setting 

Waterford School was located in a medium-sized school 

district in the Southwest. The school building, itself, 

was located in a rural-suburban, almost country, 

neighborhood a few miles north of the city. Its immediate 

environs--a golf driving range and a trailer park, reflect 

the range of the school's population from primarily middle 

and upper-middle to lower class. There were 706 students 

in the school, 80% of whom were Anglo, 14% Hispanic, 3% 

Asian, 2% Black, and 1% Native American. 

The original building housing Waterford school was 

built in 1963-64 with various structures added in the '80s. 

Its history, as described by the office staff, includes a 

reputation for being a "neighborhood school" with much 

parental involvement. 

Subjects 

out of all 12 of the 3rd, 4th, and 5th grade teachers 

invited, four initially volunteered for the program 

--two fourth and two fifth grade teachers. One fifth grade 

teacher, however, after participating in the belief 

interview phase, first postponed the observations till the 

second semester, then as the time approached, dropped out 

altogether. The resultant participants included two 

females--Sue (5th grade) with seven years teaching 



experience; Pam (4th grade) with four years teaching 

experience--and one male, Bob--(4th grade) with 20 years 

teaching experience. 
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All 31 teachers in the school were invited to the 

monthly group discussions or "Math Dialogues.;; 

Participation varied from 12 to 14 during the Fall semester 

(with the exception of the December meeting at which 28 

teachers attended on a teacher workday morning, the last 

day of school before winter break), and six the Spring 

semester. The principal usually attended these meetings 

and joined in with comments during the discussion; she was, 

however, called out often--sometimes before or during a 

meeting. 

The three teachers participating in the study 

complement and supplement one another. They provide a 

range between novice and experience in teaching; with the 

newer teacher attending more local mathematics inservices. 

Their teaching techniques and justifications for them are 

different, though they all teach intermediate grades in the 

same school and are somewhat aware of these differences. A 

more complete description of each teacher is included in 

Chapter 4. 



outline of the Staff Development 

as context for the Study 
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Efforts to improve practice through staff development 

often address the behavioral level, especially in 

mathematics education where the entertainment value of a 

task is promoted to motivate teachers to attend (Burton, 

1990; Thompson, 1992). This staff development was 

conceived differently. Based on the premise that beliefs 

drive practice, and therefore a change in practice must be 

accompanied by an associated change in belief (Richardson & 

Anders, 1990), this staff development program aimed to 

empower teachers to develop professionally through 

reflection and interpersonal dialogue. 

The teachers, principal, and students make up the 

natural social realities of the school. With the addition 

of the researcher, combinations of interactions, for the 

purposes of this study, included; (1) teachers with other 

teachers, (2) teachers with the principal, (3) teachers 

with the researcher, (4) principal with the researcher, 

(5) teachers with their students. In an attempt to 

accommodate various levels of interaction between each of 

these configurations, two components were suggested. The 

two major components of the program, then, consisted of a 

group level segment as well as a personal segment with the 

teacher paired with the researcher. The organization of 
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the staff development was designed to add richness and 

depth to the teachers' learning processes, while at the 

same time providing depth and richness to the data itself. 

The group level portion entailed monthly meetings to 

which the entire faculty (31 teachers, 1 principal) was 

invited. (This portion was to accommodate combinations 1-4 

above.) The meetings themselves, posted as "Math 

Dialogues," took the form of leaderless discussions, 

petitioned presentations, or descriptions of personal 

mathematics practices. Formulated to invite collegiality 

and teacher empowerment, the group segment acted as a 

public belief forum. These discussions allowed for an 

alternative mode for teachers to express their beliefs as 

compared to the individual interview sessions. The format 

of the group component stimulated interactions with peers 

as well as the principal and the researcher. Teacher 

empowerment as well as focus were encouraged ~~ough 

collegial agenda setting. Topics were either determined or 

approved by the groUp.4 Related mathematics education 

readings were distributed to the teachers either several 

days before or at the sessions themselves. 

The personal segment included an initial belief 

interview (Spradley, 1979), classroom observations, video 

4 See Appendix C for a list of the topics discussed 
during the Math Dialogue group meetings. 
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review or feedback sessions in the form of "practical 

arguments" (Fenstermacher, 1986), and informal 

conversations. Initially the participating teachers were 

interviewed in regards to their beliefs in an effort to 

gather baseline data for the study. It was intended to 

unpack teacher's beliefs regarding mathematics, pedagogy in 

mathematics, students, other teachers, and the teacher's 

personal history as a mathematics student. s One of the 

teachers, Bob, preferred to answer the questions in short 

phrases or with a single word, in spite of my efforts to 

motivate him to narrate more fully his experiences and 

beliefs. The other teachers, however, had little 

difficulty expounding on the questions, often trailing off 

to describe a recent mathematics lesson that went 

especially well. They appeared to appreciate a willing and 

interested "ear." They occasionally stopped themselves to 

ask me to repeat a question. 

Classroom observations were either video taped or 

scripted. During the fall semester, efforts were made to 

to learn as much as possible about the teachers and their 

familiar modes of operating in the classroom. In order to 

build a trust and comfort level, observations were kept 

informal and sporadic. Conversations centered on neutral 

topics, such as clothes, weather, etc. or questions about a 

S See Appendix A for the interview protocol. 



particular student in the class. Beginning in January, 

however, the observations became more regular and 

purposeful. Although video taping was the preferred mode 

of data collection, scripting substituted occasionally in 
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an effort to understand the effect differing modes of data 

collection had on the classroom environment. During the 

spring semester, I observed teachers daily for three weeks 

at a time in order to concentrate on manner, format, 

method, and teacher/student interaction. This agenda 

permitted me to follow the content being played out over 

time. Teachers were asked not to prepare "special lessons" 

for me to observe, but to carry on in a day-to-day manner. 

The personal feedback sessions following the early 

observations were designed to be informal and build a level 

of trust. Though the teachers appeared to expect an 

evaluation of their teaching behaviors and choice of 

content, I attempted to word my responses in the form of 

questions to avoid judgmental statements. However, the 

history of teacher evaluation following observation was so 

strong in two of the participating teachers (Pam and Bob), 

that I found myself repeatedly stating the intention of the 

feedback sessions, and that they were not designed for 

purposes of evaluation. Initial feedback sessions with 

each teacher were pla~,ed a=ou.~d t.~e video tape fro~ a 

mathematics lesson observation. Teachers were given copies 
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of the video tape to view in advance, and advised to make a 

note of index numbers on the tape where they wanted to stop 

it to make comments or explain. This method was suggested 

by Richa~dscn and ~~~ders (1990) in their study of reading 

teachers' beliefs, having evolved through reactions of the 

teachers to their tapes, and discussions of ways to 

alleviate the initial impact of viewing themselves on tape. 

At the feedback meeting itself, either party suggested 

advancing or rewinding the tape to particular scenes. All 

feedback sessions were audiotaped and transcribed, becoming 

part of the corpus of data. 

The practical argument discourse began with an action 

or statement from the video tape. One typical example 

would be in the form of a series of "why" questions to 

unpack underlying assumptions or premises (Fenstermacher, 

1986). After I repeated the teacher's links or connections 

between classroom actions and his uncovered and stated 

beliefs in a manner acceptable to the teacher, I might then 

suggest an alternative premise or relative reading for him 

or her to consider. These might take the form of a 

question, as in: "What about • • .?" If the teacher did 

not respond or reacted with a request for time to reflect, 

the matter was taken up at subsequent feedback sessions. 

Near ~~e begiruiing -~ v.&. ~'le second se:ester I t.~e 

feedback sessions took on a different form. This happened 
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partly as a result of the teachers' discomfort and 

distraction at viewing themselves on video tape, and partly 

as a way to isolate particular belief-related events from 

the myriad available in each lesson. This focus, though 

necessarily narrowing the breadth, permitted the depth of 

discussion necessary to reach the belief level. In this 

second format, after my observation and prior to the 

feedback session, I would reflect on the teacher's lesson, 

often reviewing the video tape, in an effort to select 

statements or actions that appeared to be the result of a 

particular belief. After composing these "hypothesis 

beliefs," I wrote them out on cards for the teacher. 6 At 

the practical argument meeting, I first introduced the 

format, emphasizing the tenuous nature and the origin of 

the hypothetical statements. Subsequently, the teacher 

read the cards individually, responding by affirming, 

negating, or rephrasing the hypothesis. I then asked 

probing questions, often about specific events from the 

observation that were inconsistent with the stated belief, 

or asked the teacher to expand on his/her beliefs until a 

relationship with practice was achieved. Further questions 

were fielded on particular related topics for clarification 

and connectedness of beliefs with each other. Alternative 

6 See Appendix D for a list of ~~e researcher's 
Hypothesis Beliefs by teacher. These were composed prior to 
and for purposes of discussion. 
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premises were then suggested that would promote teacher 

reflection and teacher enhancement. Although this evolved 

method is an adaptation of the methods used in the RIS 

study (Richardson & Anders, 1990), it flowed from the 

particular setting in answer to a specific need. It did t 

however, produce parameters outside of which teacher 

beliefs were not considered as topics of discussion. The 

adapted practical argument method allowed for greater depth 

on particular beliefs, while necessarily limiting the range 

of beliefs available for analysis. The fact that I had 

become directly involved in the lives of the teachers I was 

studying and realizing how important it was, from an 

ethnographic point of view, that my interviews be in the 

"idiom of the participants," forced me to reevaluate the 

sense-making of the procedures in the social reality of the 

group being studied (Eisenhart, 1988, p. 109). 

The teachers were given notebooks to act as journals 

at the second group meeting. I suggested that they write 

on thoughts or ideas in relation to the study. I attempted 

to broaden the venture to include their reflections on any 

topics addressed individually or in group meetings, or 

their reactions to them or the staff development process 

itself. These were collected at the end of the school 

year. 



79 

The Staff Developer as Researcher 

My role in the study was one of "participant observer" 

(Spradley, 1980). ! was the facilitator for the group 

meetings. I observed the teachers in their classrooms. I 

operated the camera and video taped the observations. I 

also conducted the interviews and feedback sessions. 

My role as facilitator of group meetings that were set 

up as leaderless discussions and labeled "Math Dialogues" 

was by definition an ambivalent one. I constantly 

struggled with my identity as a mathematics educator with 

strong, though somewhat problematic, beliefs of my own and 

my role as investigator of other teachers' beliefs in the 

arena where I was considered "the expert." Although my 

intent in the study was to consciously withhold my beliefs 

to take on the role of observer, there were times, 

especially in the dialogue format, where my other role, 

participant, took over. 

My role as researcher/observer in the teachers' 

classrooms also presented dilemmas. My assumption before 

the actual observations took place was that my role in each 

of the three classrooms would remain constant. However, 

being a participant observer in three different classrooms, 

I found myself, as it were, in three different cultures. I 

had a part in each setting, but not the same part. Pam's 

classroom structure was designed with a 'teacher as knower 
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and teller' format. In Pam's classroom, I was invisible, 

except for the "extra pair of eyes" that the camera 

afforded her as she subsequently viewed the video tapes. 

Bob's mathematics classes were structured traditionally 

with a brief teacher lecture followed by individual student 

textbook tasks. In Bob's classroom, I was "the camera 

lady" that his students greeted, questioned, and, at times, 

for whom they performed. Sue's classroom organization 

varied from boardwork, to seatwork, to discussion. It was 

in Sue's classroom that my role-dilemmas surfaced most 

often. Sue would not ignore me. In fact, she questioned 

me about methods, content, extensions, and al~ernatives 

before, during, and after her lessons. After spending 

large amounts of time in the three classrooms, I recognized 

my differing role in each by its culture and organizational 

structure. This aspect will be treated in more detail in 

Chapter 4. 

My role as interviewer and as practical-argument 

facilitator forced me to attempt to set my own beliefs 

aside to follow the logic of those of Bob, Sue, and Pam. 

But it was in the constant analysis and probing to find new 

ways to confront, offer alternatives, and supplement their 

reflection on and descriptions of their beliefs that I 

became most aware of my role as researcher. I attempted to 

offer alternative premises objectively from research and 
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current guidelines in mathematics. As I studied the 

incoming data, I became aware of the influence of my biases 

and inclination toward particula~ theo~ies, especially that 

of constructivism. 

The limitation of my personal lens, and the fact that 

I was, in Spradley's (1980) terminology, the "participant 

observer," may be a factor in such qualitative research. 

But this sole-researcher approach had its positive as well 

as negative effects. Along the positive lines, I could get 

close to the action and develop a level of trust with the 

teachers as we became more acquainted. However, as 

researcher, I needed to be constantly aware of my dual 

role, and consciously set myself apart from the data when 

examining it. To quote Eisenhart (1988), "Ethnography 

depends on the researcher's active and personal involvement 

in data collection and analysis ••• " (p. 109) [emphasis 

mine] • 

Data Collection 

To gain an understanding of the complex world of the 

subjects' belief cultures, I thought it important to view 

them from a variety of perspectives. Triangulation was an 

important aspect in the data collection. Thus, I used 

several sources of data: semi-formal belief interviews, 



observations, practical-argument sessions, informal 

conversations, math dialogue group meetings, 
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teachers' journals and other documents, and the 

researcher's log. Preliminary results were viewed from the 

perspective of the teacher in class, in private 

conversation, and in peer group discussion. Also 

researcher dialogues with the principal and the teacher's 

colleagues were used to verify data. 

Semi-Formal Belief Interviews 

Each subject was interviewed twice--once at the 

beginning and once at the end of the study. In each case, 

an interview protocol was used. 7 The first one was used to 

obtain baseline data and ascertain existing beliefs. The 

final one was used for comparison and contrast with the 

first and with other collected data to understand 

development processes and change. The interviews usually 

took place in the subject's classroom before school, after 

school, or during a period break. Each was audiotaped and 

transcribed. During the interviews, I used a combination 

of preset questions and further probes. The former was 

intended to maintain consistency across subjects. The 

latter was used to allow the teacher to take the 

conversation off into more personal avenues to discover 

7 See Appendices A and B. 
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more individual beliefs. I was aware that a drawback of 

interviewing is the risk that the interviewer "says too 

much." This awareness made me mindful of the purpose of 

the interview and kept me from intervening with my own 

opinion or explanations. This was even more of a concern 

in my case, since another of my roles in the project was of 

staff development facilitator. I was also aware of the 

possibility of the subjects need or desire to "say the 

right thing." This was somewhat of a problem for the 

initial interview. By the time of the final interview, the 

subjects and I had built enough of a rapport that this was 

not a problem. To initiate the interviews I used general 

conversational topics or focused on something that I 

noticed of interest in their classrooms. 

Observations 

As the teachers went about their normally-scheduled 

mathematics class with the students, I videotaped or 

scripted from an unobtrusive part of the room. However, 

the more active the lesson, the more I saw the need to move 

around the classroom to catch the action on tape. In these 

cases, the activity of the room made my movement less 

noticeable. When the teacher lectured, I positioned my 

tripod behind all the stUdents and used the zoom feature 

~hen appropriate. On days ¥.hen I scripted the lessons: I 
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remained in a chair toward the back of the classroom for 

lecture sections of the lesson, and during student work 

periods, I walked around, listening to and looking at what 

the students were doing. I also used a notepad to record 

my observations. The main use of this written record was 

to make note of the students' understanding of the lesson 

and its relation to the teacher's perception of that 

understanding. I, then, used these notes to compile 

questions for the practical-argument sessions. 

Practical-Argument Sessions 

These took two forms. Video feedback practical

argument sessions were private meetings with one teacher 

and myself. Using a video tape of a recent observation in 

that teacher's classroom, and having both of us previewed 

it beforehand, we would scan the tape to get to a section 

that either of us wanted to discuss. 

The second type utilized three-by-five card statements 

from the observation instead of the videotape. These 

statements I derived as hypotheses of their beliefs. In 

other words, their actions as teacher suggested that they 

valued certain aspects over others. An example of such a 

statement was, "Basic facts are important for students to 



learn." The teacher would read the card, deny or support 

the statement, then elaborate to defend that position. s 

The purpose of these meetings was to understand the 

teacher's justifications for classroom actions. I 
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attempted to divorce myself from my own mental suggestions 

of why a certain practice was chosen and asked for 

explanations even when I was reasonably certain of the 

response. At first, I received questioning looks while 

carrying out this procedure, but after a time, the teachers 

began to expect my questions and explained more readily on 

their own. 

Informal Conversations 

These were conversations between the subjects and me, 

and they played an essential role in establishing rapport 

and helping build an atmosphere of learning. They also 

helped me understand better the subjects points of view, 

justifications for classroom actions, and in some cases 

their underlying beliefs. They usually took place either 

at the beginning or end of some other more formal 

appointment with the teacher, such as a class period which 

I was observing (or in Sue's case, interspersed throughout 

S Appendix D contains a complete list of these 
statements by teacher. 



the class), a practical-argument discussion, or a Math 

Dialogue monthly ~eeting. 

Math Dialogue Group Meetings 

86 

These were scheduled once a month from October through 

April. The entire faculty of Waterford school (31) was 

invited. Attendance varied averaging from 8 to 12, with 28 

(December) the high and 4 (April) the low. The three 

subjects always attended. Other "regulars" included the 

principal when available, a second grade male teacher, and 

a female art teacher. Others came sporadically either by 

topic, as these were announced beforehand, scheduling, or 

general interest. 9 Meetings were typically scheduled after 

the school day, with the exception of the December meeting 

which was held at eight-thirty the morning of a teacher 

work day, the last work one before winter break. 

Refreshments were available, providing a casual topic of 

conversation and relaxation before the delving into areas 

requiring more thought and reflection. The agenda-setting 

for these meetings was generally left up to the teachers 

themselves or they looked to me for suggestions, discussed 

the options and approved one or the other. The first two 

meetings, I anticipated the possibility of minimal amounts 

of discussion and planned alternative agendas in case the 

9 Math Dialogue topics can be found in Appendix c. 
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need arose. It soon became part of the routine, however, 

to plan the next month's topic at the end of each meeting. 

I researched readings on the topic the teachers chose and 

placed them in their mailboxes in advance of the meeting. 

The icebreaker I had prepared (see Appendix E) for the 

December meeting turned out to involve the teachers the 

entire two and one-half hours of time. This session was an 

exception to the regular meetings, in attendance as well as 

agenda-setting. 

Teachers' Journals and Other Documents 

Time restraints and the fact that I did not refer to 

the journals after handing them out in October until the 

final meeting in April resulted in a paultry response to 

this data collection form. Pam used hers to sketch out 

ideas for lessons, Bob lost his, and Sue turned in three 

pages of computer printout of her reflections. Other 

documents collected and used as data included teacher 

handouts, tests, the school and faculty handbooks, the 

district objectives, and other school literature that made 

its way into my assigned "faculty" mailbox. 

Researcher's Log 

This consisted of hand-written notes and computer 

reflections that I composed during the course of the study. 



Some were incidents I described that had a bearing on 

teachers' actions or beliefs were possibilities for 

questions to be included in practical-argument sessions. 

other entries consisted of reflections and ongoing 

analyses. 

Data Analysis 

88 

Using qualitative research techniques (Spradley, 1980; 

Lofland & Lofland, 1983), the data was submitted to 

systematic analyses and categorization into cultural 

domains utilizing the constant comparison method (Glaser & 

Strauss, 1967). The method I used to achieve this was to 

first read over all the data to gain a broad view. Then, 

with the help of the software program Textbase Alpha, I 

methodically went through each transcribed interview and 

practical-argument coding segments (see Appendix F). This 

proved to be awkward at first, but patterns of codes began 

to emerge as I worked. I then returned to my earlier coded 

documents rethinking them in light of the patterns and new 

codes that had arisen during the course of this process. 

After collecting all coded documents, I returned to the 

software to get a list of all codes by number of times 

represented in each teacher's file. Reading through each 

file again with the codes present and in comparison to one 

another, I began to notice categories or domains (Spradley, 
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1980). These too became more refined as I worked and the 

strands I noticed eventually became the subheadings within 

the subjects' case files (See Table of Contents). I sorted 

the coded data, printed it out and put it into file folders 

labelling these with the teacher's name and the code name. 

I analyzed one teacher's data at a time by first rewatching 

all that person's observation video tapes, then sorting the 

coded folders into categories by subheadings. From there I 

zoomed in to analyze the data in a single subheading. To 

do this I read over several times just the data assigned to 

a single sub-category. As I read, I discarded irrelevant 

data, starred significant text, or resorted each data 

segment. The starred items I cut around and put into a 

pile, then condensed the pile through several rereads and 

reorganizations until I came up with a narrative to place 

it within. At that point I began to write descriptions of 

my findings. 

Data was triangulated three ways. First, data was 

compared from three points of reference: the teacher's, the 

principal's, and his/her colleagues; then by teacher in 

peer group dialogue, observations in the classroom, and 

individually in practical-argument and interview sessions. 

Also throughout the study, as I thought about issues and 

methods, I restated these back to the subjects either in 

the form of practical arguments or informal conversations. 
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I have introduced the focus of the study, the forms of 

data to be collected and the manner in which the data was 

analyzed. The question of whether this program assisted 

the subjects in developing and enhancing their beliefs in 

regard to school mathematics teaching remains to be seen. 

Chapter 2 presented the literature to substantiate it as 

problematic and worthy of study. This chapter outlined the 

methodological research details of the study. And in 

Chapter 4, I will present profiles of the three teachers 

and the principal, from the analysis of the data and set 

within the context of the school and each particular 

teacher's classroom culture. 



CHAPTER 4 

RESULTS AND ANALYSIS 

The School 
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Waterfordlo School, located in a medium-sized school 

district in the Southwest, was selected initially by 

invitation of the principal because of her perceptions of 

the needs of her faculty. The school itself, situated in a 

rural-suburban neighborhood across the street from a golf 

driving range and a trailer park, was located a few miles 

north of the city. Its environs reflected the range of the 

school's population from primarily middle and upper-middle 

to lower class. The 706 students that comprised the school 

included the following percentages by nationality: 80% 

Anglo, 14% Hispanic, 3% Asian, 2% Black, and 1% Native 

American. 

The original Waterford school was built in 1963-64 to 

house 400 students. Designed around the concept of "the 

open school"--"the newest and soundest principles" of the 

time according to the then district superintendent--the 

large double-sized classrooms that made up the school were 

initially separate structures. A committee of district 

administrators, university professors, and teachers from 

lOAII names of persons and places are pseudonyms. 
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the district but driven mostly by the innovative ideas of 

one well-known educational leader in the area, obtained a 

national foundation grant to set up Waterford as a 

demonstration school. The open school was but one of the 

reform efforts it encompassed. Student responsibility for 

their own education was stressed, as well as small group, 

large group, and individualized instruction. Teachers were 

departmentalized by content area, with students mixing 

between classes as they moved from one class period to the 

next in typical junior high fashion. In the late sixties, 

Waterford, as reported by the current principal, drew more 

visitors than any other school in the state. The principal 

of Waterford referred to this part of the school's history 

as an exciting era with the mixing of kids and 

individualized instruction, but "the teachers, not the 

concept itself, brought it all together and made it work." 

With increased emphasis on standardized testing and the 

confusion of parents as well as district officials over 

Waterford's less than impressive test scores, the 

superintendent announced with pride that the school was 

indeed "different even if we coul~"'l't prove it better." A 

group of parents increased pressure on the district to make 

Waterford a regular school with more emphasis on student 

discipline while others backed the program wholeheartedly. 

The districts's response was to make enrollment optional, 



whereupon some students transferred out and no students 

transferred in. The resultant effect along with the 

retirement of the project initiator and district 

administrators was that the school gradually changed to a 

different t~~e school. By 1985 the transformation to a 
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conservative, traditional school was complete. When the 

fourth/fifth grade wing, the only two-story building on 

campus, was added in 1984, there was no question that it 

would be of traditional design. At the same time, dividers 

were constructed between the first grade classrooms, the 

last vestiges of the open classroom, became the symbol of 

the end of an era. 

I became aware of this school history piece by piece 

over the course of the school year in conversations with 

the principal, faculty, and the secretarial staff. The 

principal, in reflecting on Waterford's early role as an 

innovative leader in comparison to the present school, 

remarked, "The irony of it is hysterical." At the time of 

the present study, the school appeared to the casual 

visitor not unlike scores of others dotting the country. 

Waterford school was nestled in the westerly corner of a 

huge grassy playground area, with its clean red brick 

structure, and well-kept landscaping. Wide hallways now 

joining classrooms, that had originally been built as 

separate units, leaked when it rained due to t4~e 
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afterthought nature of their construction. Clusters of 

classrooms and portables were connected by an outside maze 

of sidewalks. Buffered by a half-block of dirt parking 

area and flanked by a 10-foot changeable sign announcing 

upcoming school events, the entrance to the school opened 

directly into the main office area with its island of busy 

and friendly secretaries, directly behind which was 

situated the principal's office. 

The Principal 

Educational/Experiential Biography 

Megan Schwartz, new principal and newly appointed to 

Waterford School for the 1991-1992 school term, had a long 

and productive history in education and recently with the 

school district of which Waterford School was a part. Ms. 

Schwartz' personal intellectual biography included a 

beginning degree in sociology and communication in the 

Northeast with a short stint as a social worker in east 

Harlem. A marriage and spouse transfer found Megan raising 

children in the Northwest where she came to education 

"through the back door" as she became curious about her own 

children's learning rather than through an interest in 

teaching a particular content area. Pursuing this interest 

led Megan to train and become a Montessori teacher from 

which she moved on to become director of a Montessori 
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center. After relocating with her husband to the 

Southwest, Megan decided to return to higher education for 

a Master's degree in Special Education. Upon completion in 

1975, Megan was then hired by her current school district 

as a special education teacher at Dew~oint School where she 

worked with gifted and lower-quartile classes, assisted 

teachers with special education students and programs and 

counseled parents. After 14 years in that position, Megan 

decided to again return to school for a degree in the area 

of staff development, but after discussing the proposition 

with her central administration, entered the doctoral 

program at the local university for the purpose of pursuing 

a career as an elementary principal. She sums up her 

thoughts on this academic journey thus: 

I had several questions along the way because it was, 
it was a hard decision. I was very comfortable in my 
job and had routines established and it was minutes 
away from my home and it was a very, very comfortable 
situation and, ah • • • to have to give that up and to 
do without money! I did take a sabbatical leave and 
cut my pay in half not knowing I would be able to get 
a job because nothing was assured and then toward the 
end of the sabbatical year I really questioned whether 
I had done. the right thing ••• but now I realize I 
did. I'm absolutely thrilled. 

New Roles as Principal 

Megan describes herself as "very green" as far as 

principaling was concerned, but felt her background 

experience provided a wonderful ;;training ground:: for her 



new position. She was used to dealing with parents and 

problems, feeling very comfortable in that role. Megan 

considered her deficiencies to be in the area of large 

group dynamics: a new field for her. Megan's major goal 

her first year was to lay a groundwork of trust and 

communication with her faculty and staff. cautious as a 

first year principal, Megan approached change 

conservatively, stating that she didn't think she had 
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initiated any changes when the teachers reminded her of two 

that Megan considered minor; in the area of safety, 

teachers escorting students to enrichment classes, and the 

filing of report cards three days early so that Megan could 

review them. One thing Ms. Schwartz did introduce was 

monthly leaderless faculty discussions on the topic of 

integrated curriculum. The district simultaneously began 

interschool meetings on outcomes-based education and 

authentic assessment. Megan perceives these as school 

goals as well. When asked about her perceptions of the 

Waterford teachers' beliefs, Ms. Schwartz described what 

she referred to as a "philosophic fuzziness" within her 

teachers. 

I don't think there is a philosophic difference. I 
think, in fact, if anything, I think there is just 
philosophic fuzziness here. I would hope the one 
thing that over the next three years I would drive for 
~ould be a clarity. My sense is! there is definitely 
a value, if you will, for "skills." Now let me define 
that. And that is, and I would have that value too, 
for the development of elementary school kids to be 
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able to effectively read, write, and understand 
mathematical problem solving concepts and do 
mathematics calculation and there is that, if you 
will, basic skill value across the board so ~,at I do 
see teachers when they are doing things they have, 
they're not doing th~ just arbitrarily just nto have 
fun." There's underlying meaning that usually ties 
back in some way to developing, if you will, reading, 
writing, and math. And I know it may, I hope that 
doesn't trigger some mind set in you because it may be 
different than mine and I don't perceive that as a 
"back to basics," but I do perceive it as an 
underlying value system that is operating across all 
of them. 

The principal discerned a wide gamut in her teachers 

in regard to experience, style, and ideas about teaching, 

but sensed also an underlying character development value 

system that was also in harmony with the concerns and 

values of the students' parents. In fact, Megan mentioned 

on more than one occasion how impressed she was with the 

wholesomeness of the children and the strong support of the 

parents at Waterford School. 

Megan reported a wide disparity between teachers' 

understandings and beliefs. Despite the fuzziness of 

philosophy and the variety of teaching beliefs, the 

principal observed that the teachers did "enjoy having 

students collaboratively work with one another," which goes 

back to the history of Waterford as an open school in the 

sixties. Ms. Schwartz did not have the opportunity to hire 

any new teachers her first year, but when asked, mentioned 

that she would look for a strong teacher with opinions and 

an accompanying rationale, a "peak of expertise in an 
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interest area" and someone who "has it together in real 

life and not just on paper." The principal perceived the 

instructional decisions as in the hands of the teachers 

either individually or by grade level collaboration, with 

some grades more cohesive than others. 

M: • • And then in other grade levels, two OL ~ne 
four may be real tight and team, and the other 
two are separate individuals and, yes, they meet 
and tell, you know, generally what they're doing 
but it's not as tight a decision. What ~ want to 
see over the next couple of years is that there 
is unity in understanding because, for example, 
fractions. I've gone into evaluate teachers and 
I swear they're all sharing the same lesson plan 
with one another because I've seen a fraction 
lesson in first grade, I've seen a fraction 
lesson in second, I've seen the same fraction kit 
in fourth and the same fraction kit in fifth 
(laugh) and so it's kind of ••• and I know in my 
internship it was the same, they were doing 
dinosaurs, or, ah, oceanography and then, so 
there needs to be, there needs to be that 
understanding of a target goal of this child 
progressing through Waterford and a spiraling of 
exposure for that child and, yes, you might use, 
you know, of course the fraction kit but it's 
going to be a different presentation at all those 
levels. 

I: They all went to the same meeting. 

M: They all went to the same hands-on [workshop] and 
it looked so good that that's what they did for 
me, the new principal, for evaluation and I 
don't. • • • I understand that we're still 
establishing trust. I hope I can throw that all 
out next year and get into something real as far 
as doing these evaluations. 

Megan's view of herself as instructional leader had less to 

do with routine teaching decisions and more to do with a 

"vision mission," but she did not believe that she would be 
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successful at Waterford school by imposing that vision on 

her teachers. "The vision needs to come from the 

teachers." Some of the teachers initially resisted the new 

regime holding out in isolated teacher-led encampments. 

But as the year progressed they slowly dissolved one by one 

until at the final faculty meeting following the last day 

of school, she had gained the trust of each, and the tears 

of those who had received district transfers to another 

school. 

Perceptions of Teaching and Learning Mathematics 

Ms. Schwartz's early background as a Montessori 

teacher made her aware of the need for the development of 

an understanding level in mathematics, in particular 

through the use of conceptually salient materials. In her 

position as special education teacher, however, Megan 

sensed her role as remediation intermediary driven by the 

goals and values of the system. 

• • • But when I did do teaching I am embarrd. I to 
tell you that it was very much drill and pract~~e and 
the focus of what was desired by teachers and parents 
of what they wanted me to do, was to have children 
understand numeration, math facts, operations, place 
value, and money, time, and measurement. It was all-
all that would tie back into a test that we were using 
at the time and not the Iowa's or, yes, the grade 
level testing, time tests that were given by the 
district, and so because of the testing, because of 
the values of the teachers, I found myself naturally 
being driven to working with the kids that were far, 
far below level. In picking goals and instead of 
picking goals that I believe now should have been 
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picked, in terms of math concepts or understanding, 
which I didn't because that would not have shown 
through in what was being asked to be demonstrated 
which were the tests or an IEP being written annually 
that had grade levels scores, so it was a catch 22. 

But as principal, Megan appreciated a deeper level of 

mathematical understanding. In evaluating the teaching of 

mathematics at Waterford School, Megan stated that she 

looked for "thinking skills and conceptual development." 

The principal had noticed an increase in reasoning centered 

problem solving and more of a focus on language, in 

addition to the timed tests on basic facts for which the 

district maintained strict guidelines. At Waterford, Ms. 

Schwartz perceived the move toward change as more of a 

dilemma as far as the parents of the students were 

concerned. 

My suspicion is that we better do something to get 
parents in on our dialogue meetings because we're 
going to leave them in the dust and I could very 
definitely see where over the next couple of years we 
move the teachers into valuing, thinking more, 
especially if the state continues along alternative 
testing statewide. Then, and we haven't brought 
parents along, we're going to have a revolt on our 
hands especially at this school because they're very 
traditional parents. As I said, they correct their 
kids at home. And they want spelling and handwriting 
and they want math facts. 

The students at Waterford, as in most schools varied in 

their abilities as far as mathematics was concerned. There 

was a strong parent volunteer program at the school that 

provided aides for the lower level student in drill and 

practice. A specialist in student learning disabilities 
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worked with these students as well, either in the classroom 

or as pull-outs. The principal, however, confided to me 

that the population most often ignored was the brighter 

students in mathematics. The gifted pUll-out program on 

campus and available throughout ~~e district was not 

adequate, and had become a source of resentment by the 

teachers. Megan perceived the teachers as willing to 

dismiss their lower students, but reluctant with the other 

end of the spectrum. Megan provided a graphic example of a 

common educational oversight: 

I know this case actually in fourth grade and what we 
do have available to us are gifted education teachers 
who also serve as a resource to all the schools even 
if a student is not in the gifted program, they are 
willing to loan materials. Well, an incident occurred 
where a student had transferred in and was not in 
gifted but was performing much above the fourth grade 
level and I, we finally asked the teacher and lined up 
the gifted person [from the district] pulling together 
materials and I ran into that gifted teacher the other 
day and she said, those materials are all on my desk 
still waiting for the teacher to come down and get 
them and that hasn't happened. I think, and I've 
experienced this before at Dewpoint School, that often 
the gifted or the upper end kid suffers the most • • • 
and perhaps that is part of public education. We are 
not a preventative model and were not a model that 
addresses the ends of the spectrum easily at all. And 
if anything, by force of law we are dealing with the 
lower children but they really do resent the upper 
ones being pulled out of their class for gifted 
instruction and they also don't tend to really develop 
them well. It depends upon the teacher. There are a 
handful of teachers that do allow and do design tasks 
for the upper end and there are some now that are 
getting into, as I said, more authentic assessments 
that will allow for open-ended response and open-ended 
answers which then challenge the upper end of the 
spectrum and we are, hopefully, moving toward that ••• 
but right now it's a need. 
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Ability grouping, in the traditional sense, was not 

perceived as the solution to this problem by either the 

faculty or the principal. Instead, teachers were 

encouraged to set up more cooperative learning situations 

and "backing." (The latter being the situation where a 

small group of students is held back to work with the 

teacher while the others participate in an enrichment class 

with a specialist.) Ms. Schwartz perceived both of these 

methods as flexible ways of meeting the needs of particular 

students. 

Leadership and Change 

When asked, the principal could not recall any 

district "sponsor" in the field of mathematics that the 

elementary schools could use as a staff development 

resource, though she could name such a district person in 

the areas of reading, thinking skills, writing, computers, 

and cooperative learning. Regardless of the existence of a 

"thriving district math committee," Megan reported a lack 

of dynamics and motivation in the mathematics area as 

compared to others such as reading/writing that 

traditionally have remained, in her view, the dominant 

force in the elementary school curriculum. Two teachers, 



one in the primary grades and one at the fifth grade 

level11 , at Waterford were mentioned by the principal as 
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knowledgeable as far as current trends in the teaching of 

mathematics. However, due to in-house 11 ........ 1;+-;,.."'1 
~ ...... -------

problems," it was "difficult to access their information." 

Such politics were also mentioned by teachers involved in 

the study. Megan spoke of her own past efforts, when as a 

special education teacher at Dewpoint school, she invited 

different content area specialists to 

• • • come and deliver staff development to my school 
because I saw a void and they would bring out 
different activities, ways of doing problem-solving, 
for example. But even after that delivery of that 
service at that school, I did not see a lot of 
transfer or, you know, as you know with staff 
development that "spray and pray" approach is really 
not very effective and you really do need to have 
pairs that are mentoring each other and, you know, 
trying things out and go back and have more dialogue. 
• • • One thing, though, that I have come to kind of 
realize this year, which I didn't last [year], I 
really believe that there needs to be an outside 
catalyst to come into the schools and serve in staff 
development. I used to think that the outside expert 
was a problem and I also had accepted the whole 
thinking that, okay, the principal should act as the 
instructional leader and could begin these dialogue 
meetings and could begin this and conduct and direct, 
and--da da da da da. I don't think so now. I really 
think there needs to be not a one-time shot expert 
coming in and for even, even if it's a 5 times 
throughout t-~e year, that same expert, it's almost not 
enough. You almost need to have someone who would 
come in, maybe, monthly that would act as a catalyst 
to dialogue, bringing information and directing 

11 The fifth grade teacher with a reputation in the 
school as math expert originally volunteered for the study, 
then dropped out, citing health reasons and a lack of 
interest in what she termed "introspection." 
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discussion with some awarenesses. And I don't think a 
principal, even though to some extent I may have some 
skills now being fresh out of graduate school, I know 
that that time of reading and I will be dated very, 
very quickly and so I am saying that there needs to 
be, not only, not only ~~e role but the person in the 
role has the possibility of keeping up with 
information which I may not and so I have changed my 
opinion about that. I really do think there needs to 
be staff developers at the district level who would 
serve the schools in an ongoing role, ongoing basis 
and, yes, they may have areas of expertise but they 
could forge those because also the staff developer has 
to have a delivery of the skill and so, but I think we 
are missing the boat if we don't, and unfortunately 
those are the budgets that are usually cut first, and 
the value is not necessarily there, but I don't know 
how schools will change without having some kind of 
catalyst come in our world. We may change [without 
that], but it will just take a heck of a lot longer. 

Megan's view of staff development, though more in line 

with my own, did not necessarily match such values in the 

minds of her teachers. Her recent commitment to graduate 

studies and active involvement in the current research 

provided a vision, but also a widening gap between Ms 

Schwartz's understanding of educational issues and those of 

the majority of her teachers. Megan's realization of this 

lack, along with strong motivation to rectify it, resulted 

in (1) a welcoming and strong support by the principal of 

my mathematics staff development program, and (2) another 

faculty discussion group modeled after the "Math Dialogues" 

involving research and faculty discussion on the psychology 

of learning and another on efforts toward integrating the 

elementary school curriculum. 
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summary of the Principal 

Ms. Schwartz perceived the faculty, as a whole, 

valuing basic skills and incorporating an emphasis on more 

recent developments in the field, such as an emphasis on 

student problem solving, cooperative learning, language 

within the content areas, and conceptual tL~derstanding. 

The principal also sensed a deep underlying school 

philosophy that valued student character development. A 

broader interpretation of the principal as instructional 

leader led Megan to believe that instructional decisions 

should remain in the hands of the teachers either 

individually or as subsets of the whole, such as by grade 

level. She saw the principal's role in this area as one of 

"vision mission" which Megan interpreted as inspiring 

vision within the teachers, rather than imposing it upon 

them. 

Her background as both Montessori teacher, where the 

emphasis was on conceptual understanding in a relaxed and 

manipulative context and remediation teacher in the public 

school with lower quartile students where the emphasis was 

on basic skills provided Megan with a broad historical 

context within which to view varying beliefs and change 

from the vantage point of practice. The principal's 

assessment of Waterford, in particular in regard to change 

in mathematics, was communicated to me, as a continued 
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emphasis on basic facts through the use of timed tests as 

well as increased focus on language and reasoning-centered 

problem solving. Nevertheless, Ms. Schwartz recognized 

that the most often neglected group of students were those 

in the libright:: category. She saw this as due to several 

factors: the teachers' attempts to discourage "pullouts" 

of gifted studentsi the common practice of "teaching to the 

middlei" and emphasis on extended teacher and volunteer 

time with "lower level" students. 

The principal perceived a weakness in elementary 

school mathematics leadership in the district as well as in 

the school. This she referred to as a lack of "dynamics 

and motivationi" and described Waterford School leadership 

in the field as being curtailed by political conflicts 

among the teachers. Typical inservice meetings on a 

scattering of topics, Megan referred to as "spray and pray" 

with a lack of transfer into the classroom. 

As a newly arrived principal at Waterford school, 

Megan's values and beliefs were not totally recognized by 

the faculty. Yet, as the school year and Ms. Schwartz's 

relationships with the teachers progressed, the culture of 

the school became more defined. 
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The Staff Development Program and the Research Project 

The Staff Development Program 

The staff development program in mathematics at 

waterford School was composed of two main parts--the group 

and the individual portions. Teachers met monthly as a 

group, not in the traditional sense of a staff development 

where an outsider presented his or her ideas or projects, 

what Ms. Schwartz referred to as "spray and pray," but 

rather in the form of a leaderless dialogue, where the 

teachers "developed" themselves through dialogue on self

selected issues in relation to the subject area of 

mathematics. 

The sessions were typically held after the school day 

with the group meeting in the teacher's lounge, an 

inviting, comfortable, and spacious room with two long 

conference tables and 30 or more stuffed chairs identical 

and modern in a subtle gray tweed, snack machines, 

adjoining bathrooms, the teachers' mailboxes, and a 

telephone alcove. One door led from the main office and 

the other to outside walks that connected the different 

clusters of classrooms, making it a thoroughfare as well as 

a haven before school, between classes, and after school. 

During the time slotted for the Math Dialogue, teachers 

would join or leave at various times throughout, while 

others would casually pass through with other needs the 
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room fulfilled in mind. At times the busy-ness of the room 

seemed to distract from the intent of the dialogues, but at 

the same time, provided a setting within the teachers' 

everyday lives, a setting both collegial and public. 

Snacks furnishad for tha :eetings of ~ore or less quality 

and ~~antity became the initial topic of jovial comment, 

sarcasm, and critique. This opening ritual provided a 

relaxing transition from the stress of the work day to the 

more metacognitive analysis of teaching and learning 

mathematics. Sessions typically began from the 

conversations at hand while waiting for people to arrive, 

though at other times more abruptly, with a participant's 

petition such as "Can we get started?" and ended as people 

began to leave or as the conversation moved to topics for 

the next meeting, a signal that this particular session was 

concluded. I provided readings on the group-determined 

topic, distributing these in the teachers' mailboxes prior 

to the each monthly meeting. The principal supported the 

program through participation and attendance at a majority 

of the sessions and by memos and messages encouraging 

teachers to attend the group sessions. Although the group 

sessions were open to all the teachers, participation 

varied from month to month. 

The individual or personalized sessions required a 

year-long commitment by ~~e volw.teering teacher. 
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personalized component of the program initially designated 

for fourth and fifth grade teachers only, was expanded to 

invite volunteers from third grade teachers as well after 

such a need was determined early in the school year by the 

principal. Initially two fourth and two fifth grade 

teachers (out of a total of eight at that level) 

volunteered for the personalized component. The four third 

grade teachers immediately declined in spite of a strong 

campaign by the principal to get them involved. One of the 

fifth grade teachers, after originally volunteering for the 

program, dropped out citing health and other personal 

reasons. The individualized component consisted of (1) 

classroom observations, (2) informal conversations, (3) 

pre- and post-belief interviews, and (4) practical-argument 

sessions. 

My role was most often one of active listener, 

facilitator, devil's advocate, resource, and support 

person. Issues, in the group dialogues, were discussed 

from the varied life-worlds of the participants. sessions 

differed, as well as segments within sessions, from lively 

dialogue, heated debate to undercurrent whispering, 

repressed silence or compliant listening. 12 Over the 

course of the school year, there were times when it was 

12 For a listing of Math Dialogue topics of discussion, 
see Appendix c. 



difficult to get a turn to speak and others where 

volunteers were scarce. 
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The Math Dialogues were set up to complement the more 

individualized practical-argument sessions. Scheduled once 

per month, topics and participants varied over ~~e course 

of the school year. These group meetings will not be 

analyzed here in detail, but will be incorporated into the 

study as support and background for the personal data. 

General topics included: National Council of Teachers of 

Mathematics' Standards (NCTM, 1989), the place of basic 

facts in the elementary school curriculum, myths in regard 

to mathematics, 13 the use of videos and other visuals in 

the mathematics classroom, the philosophy and the use of 

writing in mathematics curriculum/assessment, 

constructivist teaching in mathematics. 

My Waterford School contacts during the fall semester 

differed in purpose from those in the spring. The first 

semester was one of settling in--getting familiar with the 

people and environs of the study. It was also a time of 

building trust, and acknowledging an appreciation for 

teachers' work. As an intruder, I recognized my 

responsibility to the people and purposes of the 

organization. If I was to assist the teachers in making a 

difference in children's lives, I knew that I had to build 

13 See Appendix E. 
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a relationship with them gradually, inconspicuously and 

through an invitation into their world. During the initial 

belief interview, I used the questions as opportunities for 

them to talk about their school lives. I refrained from 

giving my own opinions, and used the time to gain a 

zone of confirmation for what they were doing in the 

classrooms and an outlet for their classroom stories. My 

dual purposes of staff development and research blended 

well over the majority of the course of my year at 

Waterford. Though unsure of the positive "staff 

development" effects concerning the initial restraint 

imposed by the purposes of the study, i.e. ascertaining the 

teachers personal beliefs before revealing my own, later 

reflection helped me realize that it benefitted both goals 

simultaneously. The collegial relationship had to be built 

first, then sharing and valuing became reciprocal. This 

differed from the traditional authority/follower 

relationship of typical staff development programs. Though 

I was considered knowledgeable in the field of mathematics 

education, the teachers' expertise lay in the immediate 

context of their own classrooms. Dialogue linked the two 

realities. 

With the reopening of school in January, the program 

took on more distinct form. My time was scheduled for 

three intensive three week sessions staggered between each 



of the teacher participants for the individualized 

component of the staff development program. I would 

observe the teacher's mathematics class daily either 

videotaping or scripting the lesson. After every three 

lessons, the teacher and I would meet privately, either 

before school or during a break in the day when their 
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students attended an enrichment class with a specialist. 14 

The form and content differed from such meetings that had 

been scheduled in the fall semester. The earlier meetings 

were conducted around a video taped lesson of the 

participating teacher with comments and questions focused 

on becoming acquainted with the students, the classroom 

routines, and the individual teacher's mathematics 

pedagogical style. The second semester individual meetings 

were more intense, content-based, and required that the 

teacher reflect on and justify his/her classroom practices 

and the beliefs that motivated them by reacting to 

hypothetical statements on cards. These practical-argument 

sessions began with a speculative premise and ended with a 

plan of action. The core of the discussion, however, fell 

between the two, where the teachers revealed underlying 

14 This turned out to be more complicated than is 
described here. With holidays and "specials," my periods 
of observation with the teachers were successive as far as 
mathematics lessons were concerned, but not as far as 
consecutive days of the weeks were concerned. I observed 
each teacher 18 times, met with them individually 7 times, 
and met with them as a group 8 times. 
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beliefs through interpreting the culture of their 

classrooms for an outsider. The act of communicating the 

beliefs through the description and justification of their 

classroom actions, as reported by the teachers themselves, 

forced them to clarify for themselves tacit beliefs and 

question themselves regarding the goals of particular 

classroom practices. These discussions were open exchanges 

between the teacher and myself based on the lessons and 

context of his/her classroom, but not limited to those 

boundaries. I gave suggestions, offered to obtain readings 

or loaned materials on the topic under discussion as well 

as question the teacher. I used probing questions to 

facilitate reflection on the part of the teacher as (s)he 

struggled to restate personal beliefs in the context of 

alternative interpretations from an outsider. 

The personalized segments of the program--the 

interviews, the practical argument sessions, and informal 

conversations--were counterbalanced by the classroom 

observations in which the beliefs of the teacher were seen 

in relation to practice, over an extended period of time, 

and by the Math Dialogues where the teachers discussed and 

justified their beliefs in an open forum of peers. The 

intense and personal nature of the practical- argument 

sessions almost necessitated the open sharing facilitated 

by the large group gathering. In fact, one teacher 
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referred to the individual sessions as akin to therapy, and 

that upon leaving the meeting to pick up her class, she 

would have to make a deliberate mental adjustment from the 

belief level to the more practical requirements of 

teaching. The depth of reflection followed the intent 

the study in helping teachers to become intensely aware of 

their values and beliefs in mathematics and teaching in 

order for adjustments in their belief systems to occur 

(Green, 1971). 

The Research Project 

The research project was closely aligned with the 

staff development program, but in some ways distinct from 

it. Data were collected from all the various segments of 

the program with the purpose of noting changes in the 

participating teachers over the course of the school year. 

The practical argument sessions, and pre- and post-

interviews were audiotaped and transcribed, classroom 

observations were either videotaped or scripted, the group 

Math Dialogue monthly sessions were videotaped, 

school/classroom documents and program readings collected, 

and informal conversations noted. These, along with my 

research journal containing notes and analyses during the 

course of the study, formed the data for the study. These 

three views of the teacheris beliefs--personal, with 
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his/her class, with peers--formed a triangulation of sorts, 

with an attempt at a rich embodiment of the meaning of 

mathematics teaching for each teacher. 

At this point, I will examine the staff development 

from a closer inspection of the data from each of the 

individual teacher participants--Bob, Sue, and Pam. From 

there I will move out again to a broader perspective to 

note generalities and patterns across subjects, viewing the 

results of the program as a more integrated whole. 

The Case of Bob 

Bob's Background Education and Experience 

Bob, a noted elementary science specialist in the 

district, was in his 21st year of teaching during the year 

of the project. Boh's involvement in science extended from 

writing K-6 curricular materials to collecting, organizing, 

and lending science equipment to teachers in the district. 

Bob also initiated a science program at Waterford where he 

trained his fourth graders to teach and demonstrate 

experiments for the first grade classrooms. He was given 

an extra classroom to store the science hands-on materials. 

Bob's love for science, however, did not extend over into 

the area of mathematics. Bob's college education in 

mathematics occurred during the New Math era, a fact of 

which he was quite proud, mentioning that in his 
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apprenticeship of observation (Lortie, 1975) arithmetic 

procedures were the trend rather than mathematical concept. 

Even in his teacher training Bob reported that although 

concepts were touted as the way to go in mathematics, 

methods concentrated on algorithms and procedures. He 

describes himself as mostly traditional, at least as far as 

mathematics teaching is concerned, due to background and 

early training years. Megan, the principal, also referred 

to Bob's teaching as traditional and incongruent with the 

laboratory approach he utilized in his science teaching. 

Bob did not take on the personal responsibility for 

"keeping up" in the field (Grossman, Wilson, & Shulman, 

1989), though he did recall one inservice that he attended 

in mathematics • 

• • • Mostly I teach math traditionally, and this 
[lesson today] is not traditional. Okay, and the 
reason for that is, several years ago, I don't 
remember how many--10 maybe, I took a math class 
called "Teaching Fractions" at the University. And so 
I learned some really neat ways to teach fractions. 
Many of the ways I learned in that class required 
equipment I don't have--so I make do with egg cartons, 
and pieces of paper that we cut into fractions. 
Ideally, would be to use that good solid 
stuff--squares and rectangles that are cut into 
fractions, circles cut into fractions--that you can 
use year after year after year. But I don't have that 
kind of stuff. • • • It's expensive. (BPAS) 15 

Bob's teaching experience included grades 3rd through 6th 

with the majority of his assignments in the science area, 

15 "BPA5" refers to the data collected at Bob's 
Practical Argument #5. 



117 

sometimes in a departmentalized situation where he taught 

only science or only the top 25% of the students for 

mathematics and science. Though his experience is with the 

brighter students, his concern for the students that were 

not quite "getting it:: was apparent from classroom 

observations. Bob lived out in his teaching more ~~an the 

apprenticeship of observation of himself in classrooms, but 

of himself as a participant in real life. He was brought 

up in a large and poor, but close, family, maintaining and 

constantly enlarging his circle of family and friends. 

Bob's Knowledge and Sense of Mathematics 

as a Field and as a School Subject 

Bob saw the discipline of mathematics as "numberness" 

--a combining of concepts, symbols, and the manipulation of 

symbols. A student asked Bob during a classroom 

presentation that I observed on the measurement of time 

explained by Bob based on the revolutions of planets in the 

solar system, "How is this math?" Without showing the 

connections between science and math, Bob responded, 

"Everything is math, but especially time is math," and 

continued on with the lesson. When asked, Bob had 

difficulty defining higher mathematics. "I don't know 

enough about it to say" (BPA3). His response to a similar 

question on defining elementary school mathematics, Bob 
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referred to it as "manipulating numbers, but it's not just 

numbers, it's the idea of numbers . . • it's a concept, but 

it's not totally a concept . [otherwise] it only would 

be in our heads." He saw the discipline as taught in 

elementary school as arithmetic only; 

B: I'm teaching arithmetic, even ~~ough we say math. 

0: Why do you call it math when you're teaching 
arithmetic? 

B: Well, because that's what we all say. 

0: It's just a saying? 

B: But its really arithmetic. Math as compared to 
arithmetic maybe could be taught without any 
numbers. 

0: So, that would have to come later? 

B: Yeah, later. (BPA4) 

Bob viewed mathematics as arithmetic and that's the 

content he taught and the manner in which he presented it 

in his classroom--traditionally, but with an added aspect 

of number sense (place value and number theory). An 

example of such a lesson would be one I observed on double 

digit multiplication. In the example 59 X 23, Bob said, 

"It's hard to think of 59 X 20, but it's easy to think of 

59 X 2." This was his way of explaining how to treat the 

number in the tens place when multiplying. The 

relationship of mathematics to science, Bob pictured as a 

one way dependency--that you can't do science without 

mathematics, but that there were areas of mathematics that 



119 

did not relate to science, such as balancing a checkbook 

(BPA4). Bob used the terms (and their derivatives) 

mathematics and arithmetic interchangeably to mean the 

latter. Bob's view of achievement in mathematics was 

expressed as learning concepts, though very little concept 

development was observed in the classroom. In turn, he 

described conceptual understanding as "numberness"--

something you have to have "before you can understand 

multiplication or division, or even addition and 

subtraction. • • . They build on one another" (BFI) 16. In 

fact, Bob, considered numeration "the most important thing 

for kids to learn about" in school mathematics, taking the 

traditional life skills view. "If you couldn't do anything 

else, and you knew numeration, at least you could count" 

(BBI) 17. Bob reportedly explained the importance of 

mathematics to his stUdents in these terms. "I tell my 

students that if they can read and do math, and think, they 

can be successful. Now that doesn't include science or 

social studies or anything. But you have to be able to 

read, do math, and think" (BBI). It is noteworthy how Bob 

compartmentalized mathematics from thinking, adhering to 

16 "BFI" refers to the data collected at Bob's Final 
Interview. 

17 "BBr" refers to the data collected at Bob's Belief 
Interview, the initial interview at the beginning of the 
school year. 
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his definition of mathematics as arithmetic procedures. 

Toward the end of the study, Bob mentioned that he was 

confused about the goals of school mathematics as a result 

of our conversations together. He no longer felt secure in 

his knowledge of mathematics as a fixed body of procedures 

(BFI). This will be discussed further in a later section 

on change. 

A Typical Mathematics Lesson 

A typical lesson began with a five minute review of a 

range of computation problems, a checking of homework given 

three times a week, then the main lesson which was 

ordinarily a demonstration of an algorithm, followed by 

three students' "talk-throughs" of the same. The majority 

of the time spent for mathematics class, however, was spent 

in what he referred to as "guided practice" where Bob moved 

from student to student, often putting his arm on their 

shoulder and patiently talking them through their 

particular difficulty. Ms. Schwartz, the principal also 

mentioned to me how she and the parents were impressed with 

the rapport Bob built with his students. The atmosphere of 

the classroom was relaxed as the students worked on their 

assignments, some leaned back with their legs across the 

desk, others turned around to discuss a problem with a 

neighbor. During this guided practice, 35-45 minute 
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portion of the lesson, Bob never returned to sit at his 

desk, in fact, as he went from child to child, questioning, 

explaining, several hands would be up waiting for a turn at 

his attention. His regard for them was genuine and 

something they obviously craved. 

Bob's Major Beliefs about Teaching 

and Learning Mathematics 

Bob's proclivity for helping children extended into 

how he structured his mathematics curriculum for learning. 

Basically, he used a traditional linear scheme of learning: 

(1) understand number concepts; (2) memorize basic facts; 

(3) model an operation (+, -, x, /) with manipulatives; (4) 

learn how to do the algorithm; (5) memorize the steps of 

the algorithm through repeated practice; and (6) solve word 

problems that involve the operation. The understanding of 

number concepts and the modelling using manipulatives were 

values Bob added and integrated into his classroom over 

time and through the encouragement of colleagues and the 

principal. The other factors in the sequence of learning 

listed above, appeared to be beliefs by default (Tobin, 

1992) perhaps as a carry over from his own apprenticeship 

of observation (Lortie, 1975). Bob perceived students as 

needing to know basic facts to make the learning of 

algorithms easier. This same value was acknowledged by the 
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principal as important and reported by her as one the 

parents of the children also held in high regard. And 

since Bob believed the goals of school mathematics to be 

algorithm-based, knowing the basic facts "from memory" was 

a major factor in putting the whole curriculum puzzle 

together. "If they don't know them, they can't do a lot of 

math" (BBI). Although Bob had the students look for 

patterns within the facts chart "at the beginning of the 

year," knowing the basic facts to him was a result of 

"practice, practice, practice" (BFI). During practical-

argument and interview sessions with Bob, he reiterated 

several times a strong belief he developed over his years 

of teaching mathematics. 

• • • From the research that I have read and from my 
experience, if you're explaining process by doing 
examples and talking on the board, three examples is 
all you should give • • • all you should give on the 
board. If a student doesn't have the process down and 
isn't able to do the process after three examples, 
then they need individual help. If you do 10, those 
same kids, if they didn't have that after 3, are not 
going to have it after 10. (BFI) 

Another important aspect of Bob's theory of learning 

was what he referred to as student verbalization. This 

practice involved a student repeating the steps of an 

algorithm by talking through an example on the board 

step-by-step as Bob wrote out in chalk exactly what the 

student verbalized, interpreting the student's words 

literally. This sometimes resulted in a silly 
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configuration on the board due to the imprecision of the 

student verbalization. When this happened, Bob and the 

class would laugh, hands would go up, and sometimes the 

student up, would recognize the inaccuracy and correct it. 

These were not gross errors of lack of understanding, but 

rather breaches of convention, such as where to put the 

quotient in a division problem. Bob's method of choosing 

students for the verbalizations was also based on a strong 

underlying belief. 

0: 18 How do you choose the people to do the talk
throughs? Do you have a method? 

B: Early in a [chapter], I choose the smart kids, 
and late after we've had it several 
days, then I choose the slower kids. 

0: Why? 

B: Because I want the correct procedure to be talked 
through every time. 

0: And you'll give the slower kids a chance? 

B: To hear it over and over again. 

0: And then you think they'll be able to do it? 

B: Yeah, hopefully. (BPA4) 

Barnett (1992) found similar beliefs in the teachers 

she was working with, a hesitancy to have an incorrect 

18 "0" refers to the "Other" in the practical argument, 
or the person other than the teacher that facilitates 
teacher reflection and verbalization of the Dractical 
argument. (See Richardson & Fenstermacher, 1992.) In all 
cases in this study the "other" is myself. 
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solution visible on the board for fear that the students 

would remember it.in place of the correct one. This 

pedagogical corollary that knowledge must be neatly 

packaged and presented to students in finished form was an 

offshoot of a deeper belief that I examine :lore 

closely in another section--the role of the teacher as 

transmission agent. This also demonstrates a situation 

where some of the students were not being challenged 

mentally that the principal alluded to when she expressed 

concern for the gifted student in mathematics. Added to 

this, Bob's theory of repetition as a process of learning 

that was further demonstrated by the data. The students 

spent long periods of time on textbook practice. When I 

asked Bob about this, he mentioned that he had planned it 

that way as a management strategy so that at the beginning 

of a concept, while the whole group was working on textbook 

problems, Bob could walk around to work with individual 

students making sure everyone understood the procedure and 

was "doing it properly" (BPAl.). In fact, whenever I used 

the word 'understanding' Bob typically interpreted it as 

understanding how to do a procedure rather than 

understanding a concept behind a procedure, so I asked a 

more direct question: 

0: ••• Is there a way that you can tell that they 
are understanding the math underneath the 
processes that they are doing? Is there any way 
that you can tell? 
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B: The only way I know to tell is if they're doing 
the process correct. 

0: Oh, okay, if they're doing the process correctly 
then they are understanding it? 

B: That's my assumption and if you can help me with 
that I would appreciate it. (BPA1) 

Not only did he assume that the process indicated an 

understanding of the underlying concept, but Bob believed 

that through repeated practice working out the correct 

procedure a student actually learned the concept. The 

consideration of practice as a tool for concept development 

is not a new idea, but the logic with which Bob presented 

his belief was personally based. 

B: Uh, teaching concepts, teaching long division 
concepts--I have always taught the concept of 
division hands-on and then I've taught long 
division process, by process and by learning the 
process, they learn the concept and I know 1--

0: Do you still believe that? 

B: It works! And it's not best for every kid, I 
know it isn't best for every kid, but it works. 

0: How do you know it works? 

B: Because they learn long division. 

0: As evidenced like on a test or? 

B: As evidenced on a test or as evidenced by, by 
word problems, story problems. 

0: Uh huh, okay. 

B: Uh, I'm not saying it's the best 
way--necessarily. But 25 years ago the "New 
MaL~!s~ idea to teach concepts first di~~lt ~o=k. 
It quit. It worked for the top 25% of the kids 
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but the middle 50% especially, ah learn better by 
teaching the process and letting them gain the 
understanding, the conceptual understanding. 
That was the way it was then, and that's why we 
got rid, you know, that's why we moved away from 
the New Math, I think, that was the studies I 
read anyway that said that. I can't tell from 
your face whether you agree or disagree. (BFI) 

Bob was unwilling to go through the unsettling 

experience again that he had witnessed during the era of 

the New Math. Having gone through college and learning to 

teach under the New Math realm, Bob thought of himself as a 

veteran of reform. At group meetings he warned other 

teachers to beware when conversations even remotely touched 

on what appeared to Bob to be a New Math topic. His 

colleagues, though sensitive to this point, did not always 

perceive the same connections that Bob did. After one of 

the group dialogues, I overheard a conversation between Bob 

and a fifth grade teacher questioning his repeated 

reference to and connections with New Math. In the area of 

conceptual understanding, however, Bob's beliefs appeared 

not to be totally consistent. Besides the idea of learning 

concepts through practice, he also advocated the use of 

manipulatives, especially "early" in a concept. The main 

topics Bob determined that were of greatest importance for 

fourth graders to know (double-digit multiplication, long 

division, fractions [BBI]), he would begin at the concept 

level using manipulatives for two to three days. After 

that manipulatives were available on a shelf in the back of 
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the classroom for students to use if they "needed them." 

Approximately only 10% of the mathematics lessons I 

observed, however, involved any use of manipulatives by the 

students or Bob. 

The best way to facilitate procedure and learning is 
one of the ways I have my students do it, talking 
through or have kid, one kid teach another, that's a 
good way, but hands-on is the best way to learn, 
especially concepts, but procedure, numbers, they need 
it modeled for them. (BPA4) 

So even though Bob perceived that the teaching of 

concept first was only helpful for the top 25%, that most 

children learned concepts best by practicing algorithms, he 

states here that using manipulatives is the best way to 

learn, not necessarily the best way to teach, and although 

he believes that most students learn concepts during 

practice, he begins each major topic with a concept phase 

using manipulatives. I don't think that Bob was merely 

trying to cover all bases or appease the principal, though 

these may have been part of the equation. Through my year

long contacts with Bob, what really shone through was his 

absolute sincerity, his desire to "do right" for his 

students, but on the other hand, Bob seemed, at least early 

in the study, to ignore that part of his professional life 

that had to do with mathematics. "One thing that has 

happened to me in the past 20 years, 15 anyway, I search 

out and read all the science research I could find and, 

tend not even to bother with math" (BPA2). 
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Bob's Perception of the Teacher and Student Roles 

Bob viewed the teacher's role in mathematics as one of 

transmitter of knowledge; someone who explained algorithms, 

encouraged students to work, called home when they didn't, 

and determined the rightness or wTongness of their 

solutions. He perceived the student's role in terms of 

life skills; what (s)he would need in the future based on 

Bob's experience in the past. 

B: Well, the student's role is to learn, to get the 
skills that they are going to need as they go on 
from now on through life. 

0: And how do they go about doing that? 

B: They need to put their whole consciousness into 
the task at hand--whatever it may be, whether it 
is listening, reading, etc. (BFI) 

Bob believed that without having the material 

explained to them, they could not learn. He believed this 

regardless of the group dialogue and readings on 

'constructivist teaching.' "And even high kids need the 

lesson presented to them, even though they catch on 

immediately, they still need it presented II (BPA1). With 

less confident students, the need was stronger. "Some kids 

absolutely need me • • • not all kids. One of the things I 

think that would make a child not need me to learn would be 

self-motivation. The more self-motivated a child is, the 

less he would need a teacher" (BPA3). Though Bob in 

discussions appeared to value the theory of learning that 
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students construct knowledge, he did not see it as having 

much application in his own classroom. 

B: I think that if kids can construct, guide their 
own mind, they're much, much better off, much 
better off. However, 5%, maybe 5%, can and will. 
Probably more than that could but I don't think 
more than that would. In my class of 30, I have 
maybe two that would. There are 10 that could, 
probably, but only two that would. (BFI) 

At the other extreme, Bob was aware of two or three 

students that "use [him] too much" and a few others that 

depended too much on their peers the same way the others 

depended too much on the teacher. But of all the roles Bob 

saw himself as teacher in, "coach, instructor, policeman," 

he preferred that of coach. "That would be my preference 

cause if I could have a class of 50 kids that I could 

coach, I would be happier than, than my, my class this year 

of 30 that I have to teach" (BFI). 

A lesson on finding equivalent fractions was an 

example of Bob in his role as coach. This was not a 

typical lesson in his classroom. Bob mentioned having 

picked up this approach at a mathematics inservice years 

earlier. The students were paired up and given empty egg 

cartons and scissors. The task they were assigned was to 

figure out as many sets of equivalent fractions as they 

could through cutting up the egg carton, for example, 

cutting the carton in half would result in the fraction 

1/2. Then, record on paper ";as many fractions equal to one 
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half as you can." The classroom bustled with activity as 

children wrestled with scissors and cartons, discussed 

cutting plans, argued, explained and justified their 

results. 

Sam: (Holding up a piece of egg carton about the size 
of a nickel.) Here's 1/1024th! 

Bob: Boo! (Smiling) You've been thinking real well 
today, Sam. Did you really tear that [carton] up 
or did you figure it out mathematically? 

Pat: (Sam's team partner shows Bob their paper on 
which is written; 1/2, 2/4, 4/8, 8/16, 16/32, 
32/64, 64/128, 128/256, 256/512, 512/1024) 

Bob: You know, what you guys are doing--you're 
figuring it out mathematically. Which is fine! 
There's nothing wrong with figuring it out 
mathematically! You figured out how to do it 
didn't you? (Bob smiles as he moves on to the 
next group.) 

Sam: (To me) What's 1024 + 1024: 

During the practical-argument session that followed 

the above observation, I asked Bob if he minded that the 

stUdents Pat and Sam turned a manipulative-based lesson 

into a pencil-paper lesson, that they were not doing the 

task that he had assigned. Instead of being disturbed by 

this fact, Bob was actually pleased with what the boys were 

doing, perceiving them as "ahead of the rest of the kids." 

0: It doesn't bother you t.~at the thing that you 
were teaching wasn't the thing that they were 
learning? 

B: No. No. What I'm interested in is learning and to 
me the best learning is learning to think. Ah, 
so he was obviously thinking, so that is what I 
was pleased with. (BPA5) 
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On Bob's more regular skill type lessons with 

assignments from the textbook, he was constantly bothered 

by students who failed to turn in their work. "Some would 

rather take an "F" than do the work." Bob offered these 

students innumerable chances to make up the work and did 

not take points off for late assignments. Sunday 

afternoons, Bob spent calling the parents of such students 

with a report and description of each overdue task and then 

distributed to the stUdents on Monday individual three by 

five cards listing the delinquent assignments. The 

principal reported that the parents of Bob's stUdents 

appreciated these gestures of concern. The last day of the 

marking period, Bob gave extended study hall periods rather 

than mathematics lessons, so that the stUdents would have 

one last chance to make up tardy work. 

Student Assessment in Mathematics 

Bob's highly organized system of grading involved 

stUdents turning in only "perfect papers," the others had 

to have all problems corrected before "credit" was awarded 

in Bob's grade book. Basic fact problems had to be copied 

over 10 times each, algorithmic types just once. Careful 

record-keeping and informing students and parents could be 

considered a credit to Bob's persistence. The reasoning 



132 

Bob gave for such an elaborate system reflected back to his 

theories of learning. 

B: I have the kids correcting their mistakes, 
because I think they can learn as much or more 
from correcting mistakes than just doing 
computation. So when I say "perfect papers," 
that's ~~e reason, so they get that chance to 
correct mistakes. Because if I gave them a 
grade; "A,B,C or 1,2,3" instead of having them 
correct their mistakes, then I'd have a few kids 
I think, who would rather take an "F" than do 
corrections • • • there is absolutely no discount 
grade for a paper. Once they get all corrections 
made, they get a perfect score. 

When I asked him how he knew learning had occurred, 

Bob explained that he gave mostly procedural-type tests, 

but that he had other ways of ascertaining learning such as 

their eagerness to "talk-through" a procedural problem on 

the board, and the "confidence" with which they verbalized 

a problem. In fact, Bob reported that he judged the tenor 

of learning by the number of people anxious to do an oral 

board problem. In the few conversations that Bob and I had 

regarding assessment, his approach was centered around the 

marks he made in his grade book, the procedures he went 

through to put them there, and the basis of those marks; a 

sort of student reenactment of customary arithmetic 

procedures with little attention to the concept or thinking 

levels. These beliefs were inconsistent with those the 

principal, Megan, mentioned as assessment values of the 

majority of the faculty--that they were moving toward more 

thinking type tasks and those requiring verbal descriptions 
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of student thought. Bob recognized a professional need to 

update his methods of assessment and to seek outside help 

in this area. Toward the end of the year, however, Bob 

added two elements to his routine--the use of writing, and 

::hrain teasers"--as :measures o£ student understanding. 

These will be discussed in ~~e section on teacher change. 

other Perceived Influences on the Teaching 

and Learning of Mathematics 

Bob viewed the student characteristics of "listening" 

and "paying attention" as significant factors in students 

achievement in mathematics. He reported that listening was 

a more important factor in learning mathematics than 

ability. This aligned well with Bob's belief of the 

student as the receiver of knowledge. "The ones that don't 

understand are non-listeners. They don't listen to the 

teacher. They listen better to kids" (BFI). The way Bob 

circumvented this problem of non-listeners was through his 

use of student verbalizations. When asked what accounts 

for differences in how students achieve in mathematics, Bob 

responded: "Probably, home environment--probably. The 

experiences I've had--parents that are interested in their 

kids education do a lot better than parents who aren't 

interested and involved" (BBI). 
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His position extended to stating that students are 

prevented from success in ma~hematics by "what they learn 

before they start school." Bob placed a large portion of 

the responsibility for student learning on the parents and 

the home environment to the point that he believed it 

impossible for the students who did not have this firm 

grounding prior to entering school to make up the 

difference. This was mentioned several times in one-on-one 

conversations with Bob as well as in group dialogue 

sessions. During one of the Math Dialogues, a debate 

transpired after Bob made a statement regarding disbelief 

that pupils entering kindergarten failed to understand how 

to count. One kindergarten teacher, in particular, 

attempted to inform Bob of the distinction between a 

student merely reciting the numbers in order, and 

understanding the particular concept of quantity that each 

represented. Though reportedly raised in a poor family 

himself, Bob's views of social factors and the home reflect 

a more middle-class status quo. 

B: ••• I'm convinced that the good students are 
good because of the proper home life 
expectations, teachings, attitudes. 

0: Is that related to socioeconomic class or--

B: Yes. 

0: It is? 

B: Yes, but not entirely. 
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0: No? 

B: But a lot. Low socioeconomic families tend to 
have poorer students, not always, but tend to 
because they usually have low education and, 
therefore, usually don't guide, you know, they 
don't value education or know how to instill in 
their children even if they might think it's 
good but they don:t know how, or then again, ~~ey 
may have to work so hard for such low pay that 
they don't time and energy to put into ~~is-
their children's education. I found that, that 
the more education the parents have, the 
better students, the students are. (BFI) 

Related to this belief was the strong communication 

patterns with the parents Bob set up and continued 

throughout the school year--his routine of calling home to 

report missing student work. One parent reportedly refused 

to have her son transferred out of Bob's class citing the 

importance of this teacher/parent contact as rationale. 

In fact, Bob initiated into our conversations the parents 

as a factor in stUdent learning 10 times throughout the 

course of the study, while mentioning other teachers in 

this same capacity only in response to direct questions 

concerning their influence. The latter responses were 

matter of fact and lacking in enthusiasm, for example: 

0: How important are the other teachers in the 
school to you in relation to your math teaching? 

B: Well, actually very--because the primary teachers 
what they teach and how they teach is important 
because it affects me. 

0: Right. 
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B: And the fifth grade teachers are important 
because the way I teach and what I teach is going 
to affect them, it's a total interaction. (BFI) 

I perceived Bob as regarding the bonds between 

himself, his students, and their home environment as 

considerably stronger than those tied hi: +-,.. ...... l... ... ::.s 

teacher colleagues and the school environment. This could 

be related to his response to questions of teacher 

empowerment where Bob suggested that parent (and 

administrative) appreciation were a motivating factors in 

his professional life. 

Summary of Teacher Bob 

The content area of science was Bob's first choice and 

was that to which he devoted the majority of his 

preparation time. Bob learned mathematics traditionally 

until college, where in his teacher preparation courses he 

was exposed to the New Math. However, as Bob recalled, 

elements of the New Math, such as a concentration on 

explanations rather than rote procedures, emerged more as a 

theory than as a manner and method in which to teach 

mathematics. As a result, Bob accurately described his 

teaching as "mostly traditional-" He did, however, 

incorporate some classroom activities based on past 

inservice meetings in the teaching of mathematics. Bob's 

methods and techniques in the classroom were geared more to 
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the low student, with the bright ones many times put in a 

holding pattern. 

Bob's view of mathematics was limited to number and 

the manipulation of symbols. He defined what he does in 

the classroom as teaching arit~~etic; that is, transferring 

to the students a fixed body of historically-based 

algorithms. Along with the arithmetic procedures, Bob 

brought somewhat into his teaching, remarks concerning 

place value and number theory. However, Bob's 

interpretation of "conceptual understanding" had more to do 

with how well a student could perform an algorithm, than 

the same student's understanding of why it was possible 

within a system of numbers or meaningful mathematically. 

Although Bob espoused the role of the teacher as 

transmitter of knowledge, his classroom set-up and mode of 

operation was, to a great extent, student determined, 

relaxed, and one-on-one. The extension of Bob's professed 

belief in the value of concrete aids into actual practice 

was limited to a few introductory demonstrations and the 

availability of manipulatives to students on a voluntary 

basis. To Bob the learning of concepts came only after the 

repeated practice of algorithms. Based on this theory of 

learning, he perceived little need to plan or prepare 

particular mathematics content. 
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Bob's perception of mathematics in relation to the 

world today and in the future, differed little from what 

was determined appropriate when he went to school. Due to 

his belief in the teacher as the transmitter of knowledge, 

Bob reasoned that only a very few students (5%) could learn 

without the lecture method. He emphasized the gate-keeper 

role of the teacher as far as grading and assessment was 

concerned to the point of relinquishing personal time on 

weekends to follow-up on students and make parental 

contact. Bob viewed listening to the teacher and 

attentiveness in class as significant factors in students' 

mathematical achievement. Success in mathematics was also 

attributed to parental involvement in home assignments. 

The culture of the school, professional engagement with 

other teachers and the principal, Bob perceived as 

secondary to home environment and parental links to actual 

school content. 

The Case of Sue 

Sue's Background Education and Experience 

Of the three teachers in the study, Sue had the second 

most years of experience. Her varied background included a 

degree in secondary education, a Master's degree in 

elementary education, beginning doctoral studies, and a 

histor~ of teaching interrupted by her years at ho~e as a 
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caregiver to her own children. Sue's teaching experience 

included preschool, student teaching in second and third 

grades, classroom teaching in first and second grades, as 

well as fifth and sixth grade reading, English, social 

studies and mathematics, some of ~hich were in a 

departmentalized situation, where Sue was responsible for 

the English portions of the curriculum (SBI). 

Social studies was her favorite subject area to teach 

while mathematics was her least favored. Her reputation at 

waterford was in the area of computer education where she 

was known as a software expert. Sue had four computers 

used as centers around her own classroom, while the 

school's computer lab housed 30 other machines with a half 

time computer specialist. Sue arranged for and conducted 

evening computer workshops for the Waterford school 

parents. In her spare time, besides graduate studies, Sue 

would care for, train, and raise various species of birds 

from the exotic Cockatiel to the orphaned baby sparrow. 

Her birding avocation was more than a hobby and extended 

itself into her classroom. Obvious to even the casual 

visitor were the five tame Cockatiels that were permanent 

residents in Sue's fif~~ grade classroom. They were housed 

in three different cages in two areas of the classroom, but 

were rarely found there. Sue would teach with one on her 

shoulder. Students would go to the board to work a problem 



with the bird perched almost unnoticeably in that same 

position. Sue had some sort of turn-taking system for 

birds, since it was clear that only certain students had 

such a privilege on any given day. Students would also 

the: in their hands, making cooing and kissing 
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gestures to the birds during class. However, Sue would, on 

occasions that demanded the students full attention to the 

lesson, swiftly and in a firm authoritative voice request 

the students to put the birds back in their cages. As a 

matter of fact, as the year progressed, the birds were out 

fewer and fewer times, from most of the time out when I 

began observing in October to never out from the end of 

January to April. 19 The bird noises also were evident on 

my video tapes. 

Sue's background education in mathematics included 

trigonometry and calculus in high school, and college 

algebra and statistics. Sue did not recall having had any 

particular difficulty in mathematics with the exception of 

a couple of mathematics application subjects. 

0: Some people consider mathematics to be the most 
difficult subject area. Why is this? And would 
you agree with this? 

S: (pause) It depends on what mathematics we're 
talking about, for me. (pause) It really does. 

19 However, I was in the classroom for the mathematics 
period exclusively, except for two days that I stayed to 
observe longer. Sue may have relegated the handling of the 
birds to other subjects or times of the day. 
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If we're talking physics, here, that's one thing. 
It's just real hard for me to relate to how 
fast a lead weight is falling off the top of a 
building. I just don't care. You know, the 
motivation is not there, and I will be willing to 
agree with anybody that says, "Gee, that's HARD!" 

Yeh! But math as a subject in general, no, I 
don't thi~_~ it's hard. But: now 'Statistics' 

(laugh) • • . it's a lot like that lead 
weight, but, but . • . you know? (SBI) 

Sue remembered Algebra as "fun" although she wasn't 

always the most efficient student at solving algebraic type 

problems. One incident that she described related to an 

algebra problem that she had worked out filling up two 

boards. She recalled her high school mathematics teacher 

making the comment, "Well, that's one way to solve it." In 

relating the episode, Sue remarked, "Maybe that's why I'm 

open to--well, if they can justify it, I'll go for it" 

(SBI). Sue's love for Algebra carried over into her 

teaching where she admitted attempts at making her students 

aware of such mathematical relationships. 

S: I adore some algebraic things, just for the value 
of the teaching and thinking skills. Even when I 
taught 4th grade, I would point out to them, 
"Actually this is an Algebraic equation. It looks 
like division to you, but it's--" 3 times "x" 
equals 21." What's the "x"? This is the missing 
number." 

Sue reported that her knowledge of mathematics was not 

always readily available during the act of teaching the 

content even at the fifth grade level, particularly when 

student ~uestions transcended ~e~~lar curricular ~aterial. 
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I'm confident that I can teach math. I'm confident 
that some days I teach math well. I'm not confident 
that I teach everything about math well. I'm not. I 
think there's some areas where I feel some fogginess 
about it. It's real easy for instance, I occasionally 
will use terms with the kids like, Well t.~is could be 
x and x equals, you know, to get ~~em real comfortable 
with an unknown number. And then I realize ooh, I 
could lead right into algebra, and then I'd stop and 
I'd think to myself, well now wait a minute. I'd have 
to go back and look that up. If I'm going to talk 
about the commutative principle and left distributive 
principle, I'd better make sure I don't make a mistake 
up here, you know, before I bring this up. And that 
doesn't sound like confidence to me. (Laughs) (SPA3) 

The dilemma was a real one for Sue since she often 

used dialogue, student interaction, and debate as methods 

of teaching. (I will discuss her approach to teaching more 

fully in a later section.) But it is important in 

understanding Sue's perspective that she approached the 

content area with some trepidation, that it was her least 

favorite content area to teach, and that she saw the 

teaching of it as problematic. The freedom that Megan, the 

principal, made allowances for in the teachers encouraged 

them to seek "their own vision" within a subject area also 

permitted such healthy floundering. A top-down 

administrative approach would have reduced such 

insecurities, but at the same time, would have imposed on 

the teachers a rigid structure with the possibility of 

shutting down creativity and growth. 



1.43 

Sue's Knowledge and Sense of Mathematics 

as a Field and as a School Subject 

Sue remarked that, as a student, she regarded 

mathematics as Ita game most of the time.1; Now that she was 

teaching mathematics to fifth graders, Sue viewed the 

discipline, itself, from a greater dep~~ and variety of 

perspectives. In her first interview, Sue described 

mathematics as art--Itlt's a discipline like art, and its a 

whole 'nother way of communicating reality art uses 

paintings, math uses numbers" (SBI). This metaphor related 

well to Sue's beliefs about learning as coming about by way 

of communication and discussion. 

That, okay, I offer opportunities for children to 
engage, okay, with their surroundings in a 
mathematical way. I give them opportunities to 
interpret through numbers. I have a real strong 
belief that math just like any other subject should be 
a dialogue. I mean an absolute conversation. (SFI) 

Sue's ability to think and reflect on a deeper than 

surface level provided her with varieties of ways to talk 

about mathematics. She referred to mathematics as art 

(SBI), as communication (SBI), as man's attempt to 

understand the reality around him (SFI), as change (SFI) , 

as relationships of ideas (SFI) , as the ability to move 

numbers and ideas around (SFI) , as experience (SFI), as 

logic (SPA4) and making sense (SFI), as intuitive (SPA3), 

as problem solving (SBI), as justification (SFI), and as 

cognitive structure (SFI). In discussing mathematics 
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achievement, Sue believed it to be closely related to a 

student's conception of number: "Achievement in math--okay, 

I think it's having a good conception of how to solve a 

problem or question • • • how to use numbers to answer 

questions. (SBI). 

Besides having a numbers conception of mathematics, 

Sue believed that geometry was the connection between all 

the various segments of the content; so much so that she 

described geometry as "the mother of all mathematics" (SBI, 

SPA3). Sue had a strong inclination, in theory more than 

in practice, to teach mathematics content by way of 

application--a sort of putting together of many pieces to 

make a whole while at the same time analyzing each 

application to get as much mathematics out of it as 

possible. 

If we could do application mathematics, I think 
that the computation would come, the motivation would 
be there, certainly the problem solving is right 
there. I'm not sure how you would do it for 
everything, though. I don't know. But I think I'm 
tending to agree with that. That's a doing math 
rather than a regurgitation math. I think that has so 
much meaning embedded for the kids that that's much 
better. (SPA3 ) 

Sue would get annoyed with the group Math Dialogue 

conversations that lingered on basic facts and the 

importance of memorizing the basic facts in order to move 

ahead in mathematics. She felt that a lot of what is 

currently being upheld as important by teachers as 
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mathematics "could be downloaded onto technology." such a 

belief aligned well with Sue's preoccupation with computers 

and student metacognition. The skills were important to 

her, but not as much so as the logic and problem solving 

aspects of ma~~ematics. 

I was hoping that, well, you know, we'd get to the 
point where Carol could divide reasonably (laugh) 
because that wasn't happening at the beginning of the 
year (laugh) and that she would bring up her 
multiplication skills and maybe do some 
problem-solving but it's • • • I really think it was 
that logic link, you know, it settled in and when that 
happened, when it started making sense to her, 
everything improved. (SFI) 

Sue explained to me how she herself moved from a view 

of the elementary school curriCUlum as arithmetic skills to 

the broader vision of mathematics as logic and conceptually 

based. What initiated this belief change for Sue was a 

mathematics methods course that she took early in her 

Masters program from a professor at the local university. 

I think the very best training I've ever gotten in my 
life on math was from Dr. --. She was just fantastic, 
in fact, most of the people in my [university] class 
talked about hOW, well---they were doing math, 
practicing algorithms, but then, they took this class 
from Dr.-- and all of a sudden it started making 
sense! Math was--actually a logical process! (laugh) 
You could make sense out of it and it could be fun 
sometimes. (SBI) 

A Typical Mathematics Lesson 

What was typical in Sue's mathematics lessons turned 

out to be the basic format, ~~ough ~~e actual resou=ces Sue 
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used changed frequently. Since mathematics was the first 

subject on the schedule of the day, four computation 

problems would be up on the board for the students when 

they arrived for class. Students would work on these (and 

daily oral language) while attendance: lunch count, and 

announcements were in progress. The cue to stop working 

was Sue's movement toward a teacher's wooden stool in the 

front of the room along with a resounding "Okay." At this 

point Sue would have the students exchange and grade papers 

as she called out the answers, or she would have students 

go to the board to work them out, or she would do a 

combination of the two approaches. Sue collected the 

papers and immediately scanned them as she carried them 

back to her desk. If there was a certain problem or 

difficulty that she observed common to or blatant in the 

papers, she would begin her lesson with a questioning while 

explaining step-by-step through dialogue with the students. 

On other occasions she would begin with the preplanned 

topic of the day--putting a problem on the board, sending a 

stUdent to the board to answer her verbal question, or 

explaining and questioning the students through the lesson 

with the use of certain manipulatives on the overhead 

projector. These were some of the across-the-board 

structural elements common to Sue's approach. Other 

characteristics t.~at were discove~ed upo~ a~alysis, ~ere 
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the frequent use of student questioning as a way of 

explaining, the teacher response C"hmmmml1l") accompanied by 

a thoughtful pose, student talk and ownership of the 

lesson, and debate. Most lessons were segmented into 10 to 

15 minute intervals with the classroom organization 

changing while the topic under discussion remained 

constant. For example, conversational teaching on the 

board followed by individual quiet work on five similar 

examples, oral checking of the five examples, followed by 

students going to the overhead projector to demonstrate how 

they worked the problem, or students working in small 

groups discussing their strategies could have been 

contained within a single lesson. The pattern, as far as 

timing was concerned, meant 10 to '15 minute intervals of 

different activities on the part of both student and 

teacher. The only time I observed the students involved in 

a single whole-period activity happened on a FridaTo where 

the students working on individual tasks, arranged in 

groups, cut construction paper circles into fractional 

parts to create pictures. The practice of arranging the 

students in collaborative working groups was one that was 

supported and encouraged by the principal. Although the 

lessons were most often algorithm-based, the energy and 

20 Sue mentioned in her belief interview that she liked 
to plan "fun activities" for math on Fridays. 
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resourcefulness that Sue brought to her mathematics classes 

were evident throughout. 

Sue's Major Beliefs about Teaching 

and Learning Mathematics 

Analysis of the interviews, practical-argument, and 

observational data suggests that Sue was aware of some of 

the current developments in mathematics education, such as 

the use of discussion to enhance comprehension, an emphasis 

on understanding concepts over procedures, problem solving, 

and integration of content areas. These were areas that 

the principal, Megan, also referred to as being a trend 

within the whole faculty at Waterford. However, Sue could 

articulate these ideas better than she could put them into 

practice as noted from comparing the classroom observations 

to the interview/practical-argument data. An exception to 

this theory/practice dichotomy was Sue's belief in and use 

of dialogue, discussion, and debate in her classroom. 

S: That's partly why we talk so much in math. It 
really is 'cause I want those kids to think about 
it and I want them to talk about it. That's why 
when they put an answer up on the board, I'll 
say, "How'd you get that?" "Tell me about that" 
or "Why do you think that?" , cause I want them to 
articulate that, 'cause it's real easy--if you 
know your basic facts, and you know it really 
well, and you've been through timed tests in 
grades one through four--to just slap a number up 
there, but what does that mean? I mean that's 
where you start building that cognitive 
structure. That; s where that happens. And I think 
that's more important! 
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0: Than basic facts? 

S: Yeah--than a timed test, that's for sure! (SFI)21 

The descriptions of classroom actions that Sue 

delineates here were actually observed as typical ways Sue 

conducted mathematics class. Her proclivity for using 

conversation as a method, Sue described as having a history 

in her personal teaching experience. 

0: Did you always teach that way? Did you ever do 
"the handing-out" type? 

S: Yeah. That's the easiest [way]. The first couple 
of years of teaching [I did]--that's easy! I've 
always liked dialogue with kids--always liked 
that. But in the last two years, especially, 
I've tried real hard to get into more of a 
dialogue--socratic dialogue. And I'm getting 
better, but I'm not there yet. I'd much rather 
see them talk. (SPA3) 

From conversations and video taped observational data, 

verbal interactions were not only a common part of Sue's 

style, but varied in composition as well. Sue explained 

how she uses different forms of dialogue in the classroom 

to achieve the same end. 

S: ••• I have a real strong belief that math just 
like any other subject should be a dialogue--I 
mean--an absolute conversation. 

0: Why? 

S: Sometimes it needs to be a conversation between 
the teacher and a student. Sometimes it needs to 

21 Sue was the only one of the subj ects, including the 
principal: that did not mention the school district 
mandates for student memorization of the basic facts and 
prescribed timed fact tests. 



150 

be a dialogue from the teacher and the whole 
class. sometimes it needs to be a conversation 
between two students. Because we're back to the 
reality thing and your own perspective--and 
everyone's going to bring a little bit of a 
different perspective to it and that's what 
builds understanding. It's not going to happen. 
• • • I really don't think kids are going to 
understand math, if you're standing at the 
chalkboard and putting numbers up there, and you 
~~ow, just going through rote drills. That's not 
where understanding happens. (SFI) 

Thus "understanding," like "discussion" and 

"dialogue," became a major topic of conversation during 

interview and practical-argument sessions. It was, however, 

different in ·~~at "understanding" was not as strongly 

evident in the classroom observations as it was in 

conversation with Sue. As the practical-argument sessions 

became more intense, Sue's reflection on her beliefs was 

expressed verbally as she pondered aloud. This made it 

possible for me, as observer, to actually witness Sue 

question her beliefs, for example: 

STU1)ENTS WILL EVENTUALLY UNDERSTAND HOW TO DO A 
PROCEDURE IF IT IS REPEATED ENOUGH TIMES. 22 

S: I think I'd qualify that. It takes practice, I 
think, to do a procedure. I think just standing 
up and teaching it, is one thing, but I do 
believe in kinetic learning. And that is what 
this is about to me. • • • Hmmm. I keep thinking 

22 This statement was presented to Sue as part of the 
practical argument session, where she was to respond to 
belief hypotheses I developed during the course of the 
previous observation. statements in all capital letters 
are ~e statements I formulated and wrote out on three-by
five cards for Sue to discuss. 
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that if we keep doing it, doing a procedure over 
and over and over, that eventually each time we 
do it, someone will have an insight • • • will 
start to pick up the pattern of it--start to even 
rehearse in their head the questions that they 
should be asking of themselves each time that we 
do this. It's like in a sense--Iearning the lines 
of a poem, or a play, or whatever, that same kind 
of thin;. Or practicing your manuscript writing-
kinetic practice. I'm not sure about this though 
--about this "understanding how to do it ... 
they'll eventually understand how to do it that 
way, but the "understanding?" If they don't have 
the concept to begin with, you know, [for 
example] if they don't know a fraction is 
breaking a whole into parts, I don't know if 
practice is going to give them that 
understanding--that I'm really borrowing eight
eighths. (SPA2) 

Sue's earlier comment that understanding does not 

happen in rote drills (see SFI above) came in time after 

this one, which perhaps suggests a change in belief that 

was more than just a temporary flash of insight. Sue's 

ability to reflect, question, and reorganize her thinking 

in my presence was due, perhaps, to the comfort level that 

evolved over the course of the year, the additive nature of 

the questioning itself, and her individual style. 

Betty interviewed me after school one day about my 
beliefs about teaching and mathematics. I enjoyed 
this immensely. Someone asked me my opinion and then 
listened intently while I gave it, all of it. Her 
probing questions made me think about what did I 
basically believe about math, about students and how 
they learn, what is important to teach and why are 
these concepts more important than others. I was 
delighted to finally tell someone that I think math is 
art. Mathematics is another lens to observe and 
interpret the reality around us. I am a person who 
needs time for reflection and I have always viewed 
this as a very solitary procedure. Betty sho~ed ~e 
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The baseline data revealed Sue's interest in students' 

conceptual understanding from the viewpoint of using 

manipulatives to make a procedure more transparent. (Ms. 

Schwartz, too, encouraged the teachers to use 

manipulatives, citing her own background with such 

materials as a Montessori teacher/director.) In observing 

Sue teaching a lesson using pattern blocks to introduce 

fractions, I noticed an approach aimed at a generalized 

knowledge of the meaning of fraction and equivalent 

fraction. I also observed Sue using Cuisenaire rods and 

fraction rectangles to represent fractions. A lesson 

involving the semi-concrete level of representation, where 

two students struggled to divide a chalkboard circle into 

sixths involved the questioning/discovery approach Sue 

often used in her classroom. The incident, however, also 

revealed the dilemma of peak "wait time" and classroom 

management. In other words, how long do you wait for one 

student to think through a problem as the whole class 

observes, before stepping in to scaffold or clue them, and 

then does the questioning of an outsider help or hinder the 

personal thought processes of the student who may not 

follow the same route to an equally acceptable solution? 

23 "SJR" refers to data collected from Sue's Journal. 
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This mental conceptualizing Sue spoke of as 

"visualization," and referred to it often. 

• • • Back to visualization and imaging--it's that in 
their mind, they are able to talk about, like, 
"multiplication" and the understanding of the whole 
connection with addition, or talk about division and 
understand that it's just the flipside of 
multiplication • • • being able to see that in their 
heads. For some kids ~~ough, what I learned this year 
was that they don't necessarily visualize that in the 
same way I do. I think it's a gut level something or 
other that they are aware that, okay division can be 
[thought of] a couple of different ways. It might be 
passing out cards or piecemeal or stuff. (SFI) 

An observation that revealed poignantly the 

differences in Sue's visualization and that of her students 

was a lesson in which Ray, a student at the board, 

attempted to solve the problem of how to divide a circle 

into sixths. After several unsuccessful attempts, and 

after starting over, Ray first drew a vertical line that 

divided the circle in half, then paused to reflect on his 

drawing. At this point, Sue suggested that he refer to the 

earlier problem of dividing the circle into thirds that a 

student had left up on the board adjacent to Ray's 

attempts. Ray, then, erased his diagram of two halves, and 

drew three thirds, adding a horizontal line through the 

center of the circle. Some students expressed verbal 

congratulations that he had solved it, while others were 

skeptical, mentioning other fractions that they recognized 

in his picture, such as one-half and one-fourth. As the 

class discussed the need for the pieces to be equal, Ray 
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result in a six-sixths diagram by way of thirds as 

suggested by the teacher. Only later, at the practical 
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argument conference, did Sue come to the realization that 

Ray's initial visualization of six sixths as first halves 

(and then those cut into thirds) was as appropriate as, 

though different from, hers of cutting first into thirds, 

then each of those in half. Sue's attempts at scaffolding 

had actually detoured Ray's thinking, and possibly left the 

impression that his way was incorrect. When Sue recognized 

this later, she expressed surprise and concern--

precipitating a breakthrough in her thinking. 

• • • That one where we were talking about the circle 
and the dividing it up into thirds, then sixths with 
Ray, that was really effective to see that [on video 
tape] and realizing that I thought I was listening to 
him and I didn't hear him. It was • • • that really 
was significant. I don't know if I'll forget that 
very soon about Ray and the circle. (SFI) 

The observations revealed Sue's goals of student 

conceptual development. The curricular goals of 

algorithmic success, however, narrowed the focus of Sue's 

mathematics program to include little other than the 

numeric concepts that supported the traditional procedures 

for the four operations. In fact, the early data suggested 

that Sue viewed the concept behind the procedure and the 

procedure as distinct parts that proceeded consecutively, 

but in a strictly linea~ fashion. 
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Yeah, because of my thinking that, Oh they've been 
through all this manipulative stuff, surely they're 
seeing it in their heads anyway! • • • This was on the 
assumption that, Oh, we've done the manipulatives. 
They've got it. They understand that. They 
understand it on that level, now it's just getting it 
over into notation for:. That's where they're having 
problems • I would have sworn up and down that 
they had it, and yet that little group • • • sure 
didn't • • • 'cause I was thinking of it as linear. I 
think of that going back and forth [between concept 
and procedure] as being confusing • • • for some 
children, maybe it's not, maybe that's the way it 
should be. (SPA2) 

On several occasions after this practical-argument 

session, Sue mentioned as new-found knowledge the fact that 

children may need more than an initial introduction to a 

concept through manipulatives, and she made materials 

available in the classroom for students to use at their own 

discretion. The bouncing back and forth idea, however, was 

more than just a sense of class-wide developmental 

diversity as far as differing amounts of time at the 

manipulative stage. It was more a notion of need for 

constant awareness of the connection between the two 

(symbolic and concrete) representation systems, rather than 

a one time introduction of the conceptual, and then 

concentrated instruction on the procedural elements. This 

belief change developed slowly over the course of the 

study. 
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Sue's Perception of the Teacher and Student Roles 

The data indicated that Sue's beliefs about the role 

of the student and the teacher were closely aligned with 

other beliefs already discussed. The breadth Sue imparted 

to a concept such as "facilitator," for exa!nple, was 

broader, however, 

practice as well. 

in theory, but present to some extent in 

The difference may have been due more to 

my interpretation of our conversations than in the meaning 

intended by Sue. In the case of "facilitator," I projected 

an open-ended feature to this concept of teacher from the 

following as well as previous interview and practical

argument sessions with Sue. "I'm a facilitator. I'm the 

one that says, okay, here's the smorgasbord and I'm the one 

who chooses what the dishes are, so to speak, and their job 

is to come and choose some" (SFI). 

The broad interpretation that I had put on 

conversations such as these became somewhat narrowed when 

analyzed in the context of classroom observations. The 

goals for lessons were preplanned and classroom 

conversations, though open, with an obvious comfort level, 

where stUdents felt free to question, acknowledge lack of 

understanding, and even debate a point headed unswervingly 

toward those lesson objectives. Nonetheless, Sue conducted 

discussions in the classroom in such a manner that, in many 

lessons, teacher-talk time was less than student-talk time. 



157 

Sue's manner of "directed-question teaching" was also 

observed during science and social studies classes, and 

therefore was not exclusively a mathematics-related 

practice. 

Sue eAl'ressed her particular view of "co!!!l!lunity" as 

relative to teacher and student roles in our private 

conversations as well as more publicly as she conducted 

mathematics class. This was in contrast to her description 

of "facilitator" where the private and public responses 

appeared to differ. 

I see it as a community. I really, I visualize that in 
my head--that that's a community in there and part of 
our responsibility is that focusing and paying 
attention, but let's face it, we all don't all have it 
at the same time, but I know that there's a certain 
few of them that are going to be on when the others 
are off, and they're going to jump in. And they like 
it. I mean at this age level, they really do like to 
catch something going on at the board--[something] 
that might not be right. (SPA4) 

In Sue's interpretation of community, there was a 

blending of teacher and student roles as far as 

responsibility for learning was concerned. Her 

conversation was replete with expressions like "making them 

more active in their own learning process" (SPA1), "student 

exploration" (SPA1), "they better figure it out or it's 

going to be a mess" (SPA1), "I have to give it over to 

them", (SPAl), "it's real important for me that in math 

there be some discovery" (SPA3), "dig down and come up with 

it themselves" (SPA1), "handing off the power and the 
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responsibility to the kids" (SFI). When asked why she 

taught this way, Sue made clear her beliefs about students. 

Sue reported that in the past she thought she had 

underestimated her students, and that over the years she 

discovered that the more responsibility she turned over to 

them, the more they lived up to her expectations. 

• • • 'Cause that's the part about valuing them. And 
when you say, let's have a discussion, [I'm saying] 
I'm willing to listen to your point of view on this. 
That's like telling a kid--your self-worth is really 
high. (SFI) 

Although Sue was willing to listen to their point of 

view, she didn't, however, disassociate herself from her 

own apprenticeship of observation as a student in the area 

of traditional mathematics procedures (Lortie, 1975). Not 

having been exposed to the possibility of alternative 

algorithms, Sue maintained the position of one correct 

procedure for the four basic operations. She was observed, 

however, acknowledging a student's preferred order of steps 

while subtracting mixed numbers. 

S: ••• In the way that Jerome, this morning, came 
up with a different way that instead of finding a 
common denominator first, he wanted to borrow 
first, you know, which is changing the steps 
around. And as I commented to him, "Well, 
that'll work, but for me, I can keep it in the 
logical process a whole lot better, if I get the 
common denominator first." 

0: So, it's more logical for you? 

5: Yeah. 

0: But it might not be more logical for Jerome? 
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S: Right, which is why I'm usually pretty honest 
with them when it's something like that where I 
say, "It works better for me this way." (SPA2) 

Sue had little admiration for stereotypical 

mathematics teaching. In response to a belief interview 

question asking Sue to describe a mathematics teacher she 

could recall that she did not admire, Sue replied: 

That was a person who was very, very rigid, in fact, 
had to teach math by the book; and had to assign all 
the problems on the page; and the only correct answers 
were those in the book--and that was not to be 
negotiated. It was not a subject of discussion. And if 
it wasn't on that page, then you marked it wrong ••• 
because that's part of my philosophy too, that it 
doesn't matter what the subject is, I like kids to 
argue with me. And tell me why you think that's right, 
and they can convince me, I mean, they really can! 
(SBI) 

In the next section, I will attempt to demonstrate how 

Sue's dislike for rigidity manifested itself in the area of 

student assessment. 

Student Assessment in Mathematics 

On several occasions Sue stated the belief that 

"assessment should be a learning experience." Although 

somewhat vague in her interpretation of this statement, 

Sue's approach to testing was definitely unconventional. 

• • • I think we do kids a disservice when we pretend 
that there are secret answers, and we can't help them 
at all on a test--because if we do that we would be 
cheating. We're robbing them of an experience, a 
chance to learn something on the test. And if it can'~ 
be a learning experience, why are we trying to trick 
them? ••• If a child raises their hand and says, 
"I'm not sure how to do this"--I'm more than happy to 
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show them how to do that. That doesn't mean that I'm 
going to do every single problem for them. But I'll go 
through the steps again •••• I don't see that I'm 
not getting a good measurement of their learning 
either. I don't. Because if they understood it, then 
they'll be able to apply it to the next problems. I 
always learn from tests, even the ones I take now [as 
a graduate student]. (SPA3) 

Sue spoke of assessment, however, more in terms of a 

working rapport that she had built up with her students, 

than in connection to tests. Seemingly the byproduct of 

the give-and-take inherent in the discussion style teaching 

for which Sue was noted, assessment was embedded within 

instruction. 

5: • Those kids are reflecting back to me, my 
methods, and when they reflect to me in their 
little faces that they are confused, it's almost 
like a grey cloud right in front of the sun. It's 
real obvious • • • and that tells me--Okay you 
didn't get it on this level. I'd better try 
something else. 

0: So, your changes come from the students? 

5: Oh, yes. Everyday--I'm sure you've felt this. 
When you're in front of those kids and you're 
talking to them, it's like you keep taking the 
dipstick, you keep reading the signs. • • • 
There's that look of understanding, then there's 
that look that looks like they've been hit over 
the head with a two-by-four. And when they look 
like that, then it's time to do something 
different. (SPA3) 

The baseline and observation data revealed this 

intertwining of instruction with informal assessment. The 

principal also noted this as a value and ongoing goal of 

the faculty and of a sub-group of faculty, in particular, a 

committee that met regularly to discuss authentic 
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assessment.~ Although Sue did have on the board when the 

students entered the classroom four computation problems 

(what Sue referred to as "Daily Math"), she used this 

exercise more as a management tool during which she 

attended to the ordinary roll-taking along with other 

clerical tasks, and in response to a request by the 

principal that this time be used for "sponge activities." 

Sue also used daily math as feedback from the previous 

lesson. Sue would glance over the class-corrected papers 

as she collected them, making a mental item-analysis as she 

did 50, often beginning the lesson with the problem-type of 

most concern. Generally this took the form of a review of 

procedure, though in some cases visual diagrams were used. 

For example, in the case of subtraction of mixed numerals, 

Sue asked the students to model "what one whole would look 

like if I were dealing with sixths." Although she did not 

use models throughout the whole subtraction process, Sue 

~ The school district as well as the state was in the 
midst of change as far as testing and assessment were 
concerned the year of the study. The state had abandoned 
the administration of the standardized test (The Iowa Test 
of Basic Skills) for that year, in order to concentrate on 
the development of a more open-ended assessment tool: the 
Arizona Student Achievement Profile (ASAP). The ASAP was 
piloted in thi=d, seve..~th, and eleventh grades t..lrroughout 
the state, the year of the study. However , although none 
of these grade level teachers were directly involved in the 
study, the awareness of this movement toward alternative 
modes of assessment was present in the data. 
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recognized the students' need for a mental picture of the 

fractional parts with which they were working. 

It is important to note that in all of my year-long 

contacts with Sue in informal and more formal 

conversations, she never once mentioned student grades, nor 

how she obtains or records them. An exception to this lack 

of interest in formal assessment was Sue's concern with the 

state-mandated standardized testing program. Sue's beliefs 

about mathematics as a field of study did not align well 

with a top-down pencil-paper type instrument. She 

explained: 

I think it tests computation very well. And I know 
that it has a problem solving and a concept level of 
the test, but I'm not so sure it does such a good job 
of it. I really think some open-ended questions that 
allow for more than one answer would do a much better 
job of it. [From these types of tests] kids get this 
unrealistic attitude about math • • • that there's the 
10 commandments or the Holy Bible somewhere • • • and 
their answer's gotta match up to that. I think it's a 
big surprise for them • • • to discover that 
scientists sometimes don't even know what they're 
going after. (SPA4) 

The impact of the standardized test became clearer to 

Sue since the State waived the traditional end-of-the-year 

standardized test in the elementary grades for that year. 

The effect this mandate had on the curriculum was noted in 

Sue's reflection in early spring. 

• • • This year we haven't bad the standardized test. 
I don't feel as driven, curriculum-wise, to cover 
everything I think is going to be on "THE BIG TEST!"-
that is going to assess how much the child learns and 
how effective I am. I mean that's made a BIG 
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difference. But I understand that the standardized 
test is coming back. And there's half of me that 
understands why, because that gives you some nice 
clean measurements. It may not be measuring exactly 
what you think it's measuring, but at least it's a 
number, and you can use that in research. I 
understand that. But I also ~,derstand how =y 
curriculum has changed because I don't feel like, 
okay, two months on fractions, one month on 
multiplication, one month on division. I let it go 
pretty much as how they're working their way through 
it. We took a long time on fractions. I'm sure you 
noticed. We still do fractions in centers. And with 
the standardized test looming before, it was like this 
thing of--Oh, I've got to make sure they can do this, 
and this, and this computationally, so that it looks 
good on paper. (SPA4) 

In summary, Sue viewed assessment as an integral part 

of instruction, as informal, for the most part, and as part 

of the ongoing conversation between herself and the 

students. These beliefs, however, conflicted with imposed 

evaluation structures, namely the State-imposed 

standardized test. The tension and pressure Sue felt from 

the testing mandate influenced her planning and even the 

way she approached mathematics topics so that breadth 

rather than depth became her focus. The impact of these 

top-down pressures became forcefully clear to Sue by their 

absence. 

In the next section I will discuss other influences 

particular to Sue that the data revealed as having an 

influence on the teaching and learning of mathematics in 

her classroom. 
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other Perceived Influences on Sue's Teaching 

and Learning of Mathematics 

Another factor perceived by Sue as a pressure that 

revealed itself in various guises was ::time.:: Because she 

felt she never had enough time to plan, Sue found herself 

in a constant state of mental awareness, picking up ideas 

as they presented themselves in the normal course of going 

through her day. For example, Sue described the mental 

planning she pursued on a day she attended graduate 

classes: 

I find I'm always thinking about curriculum, even if 
I'm in statistics [class]. If someone says something 
in class, it will kind of trigger an idea. And I'll 
file that one. "Okay, I've got to remember that! 
That's a good idea!" In fact, I got a really good word 
study idea from DL who was talking to GP • • • I think 
I'm an idea robber. And I try to put it in context, so 
that when I remember it again, it will come up in 
context--so I can remember, "Where did I want to apply 
that?" 

GG is a wonderful woman to teach with. 
She's got a lot of wonderful ideas in math. And 
unfortunately because of the constraints of the 
schedules, we don't get much time even to be in 
proximity of one another. • • • (SBI) 

In another place, Sue states that "there's no time 

during the day to talk" to other teachers and just relate 

what happened in a particular class period or ask how one 

presented this or that concept. It appeared quite 

important to Sue as she stressed community in her 

classroom, she also missed an extended time to build a 

stronger community with her colleagues. 
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I don't think you can overstate the importance of a 
stimulating culture in a school. I just don't think 
you can, because we have to have that. It's real 
necessary for ideas, for support, sometimes, even for 
courage--you know, to try something new, knowing that 
there's a fail-safe if something goes wrong. You can 
go--"What about this? Wnat do you think?:: [to ask] 
somebody's opinion that you value. (SBI) 

Time was also a factor in managing the curriculum. Sue 

felt that in adding more science, mathematics, and social 

studies projects during the year, she had to cut out 

several of the writing projects she had been accustomed to 

including in the curriculum previous years. 

Sue mentioned with regret that the class had only had 

time to "publish" one set of books of the students' 

creative stories. Although Sue talked frequently of 

integrating subjects such as mathematics and science there 

was not much evidence of it in the teaching that I 

observed. Statements such as the former concerning 

questioning pieces of the curriculum in relation to other 

"pieces," may represent a beginning level of understanding 

of the concept of curriculum integration. 

Time was also expressed as a factor as far as method 

and manner of presentation was concerned to the point that 

choice of procedural or conceptual knowledge was possibly 

at stake. 

I've got a lot of manipulatives and workbooks 
and all those other things that I've spent a lot of 
money on, but I've realized that with the textbook we 
can all be working on the same problems on the same 
page, and sometimes that's really nice. We're all 
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doing the same thing and I didn't have to do anything 
extra to get there. That's just fine. That's real 
practical. (SPA3) 

Sue found that some of the lessons that she and the 

students seemed to enjoy most cost her the mosi:. as far as 

preparation time and exertion were concerned. Sue's self-

motivation to create interesting and active tasks for the 

students was revealed on numerous occasions. Her concern 

with "being boring" or "boring the students" coupled with 

time constraints in talking to other teachers, reading, and 

planning, along with her personal lack of confidence in 

coming up with "original ideas" in mathematics, created a 

tension that affected Sue's professional image of herself 

as a mathematics teacher. "I'm not always together to do 

it, and that's why I wanted to [sign up for this staff 

development program]. I thought you'd help me so that I 

could get with this curriculum" (SBI). Sue perceived her 

mathematics teaching as problematic, and although she 

recognized that she "was doing some things right," would 

often remark that she "wasn't there yet... This was a 

positive impetus, however, alerting Sue to learning 

opportunities for herself and her students. 

Summary of Teacher Sue 

Mathematics was Sue's least favorite content area to 

teach. She considered herself a language arts and social 
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studies specialist with reputable knowledge in the area of 

computer software for the classroom. Although Sue had the 

most impressive background in mathematics of the three 

teachers, time and lack of use had diminished her recall 

and comfort level with higher mathematics. Her style of 

teaching, discussion and debate often leading to non

routine content, along with her trepidation with advanced 

concepts made the teaching of mathematics a challenge for 

Sue. 

Sue compared mathematics to art, citing both as means 

of communication. She viewed mathematics achievement as 

using concepts and numbers to solve problems, and thought 

that the best way to teach mathematics was through the use 

of real world applications. The traditional mathematics 

curriculum, according to Sue, was outdated due to recent 

progress in the area of technology. Sue perceived the 

mathematics curriculum of the 90s as broader than 

arithmetic, including logic and concept development, but 

struggled to flesh out these beliefs in practice. Although 

Sue taught the traditional algorithms; she did so in a 

somewhat nontraditional manner, relying heavily on student 

questioning and discussion. Sue came to the conclusion 

that mathematical understanding is not a result of rote 

procedures. She used manipulatives to represent concepts 

in a holistic manner, such as fractions; but lacked the 
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ability to use concrete aids in more precise subtopical 

understanding modes, such as modelling the subtraction of 

fractions. Over time, Sue realized the students' need to 

intertwine the use of manipulatives throughout, rather ...... _-
'-J..1a..&1 

limiting them to a one-time introductory lesson. Sue 

believed that the student's realization of his/her own 

responsibility for learning was an important factor in 

mathematics achievement. 

She spoke little of student grades, with observed 

attempts at connecting instruction with assessment. The 

fact that the state had lifted the standardized test 

requirement the year of the study, forced Sue to re-

evaluate the fifth grade mathematics content in terms of 

depth. However, she continued to feel the effects of time 

in terms of planning, coverage, and in regard to the limits 

it placed on her creativity. The dilemmas and problematic 

stance that Sue felt toward mathematics, impelled her to 

rethink her mathematics curriculum and its teaching, thus 

contributing to her reasoning for volunteering for the 

staff development study, and may also have contributed to 

the changes revealed from the data. 
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The Case of Pam 

Pam's Background Education and Experience 

Of the three teachers in the study, Pam had the least 

number of years experience (fourj and displayed ~~e most 

self-confidence, security in her knowledge of mathematics, 

and authority in her mathematics teaching. The principal 

mentioned Pam as the person the fourth grade team looked to 

for guidance in the area of mathematics. Pam mentioned 

that her memory of her own elementary school days was 

vague, but that she remembered mathematics as difficult. 

Well, I don't remember learning much about math in 
elementar}- school. I have a very short memory. But in 
high school, I loved it, I loved math. I wasn't very 
good at it, but I loved it. And I knew in tenth grade 
when I was put from geometry to "modified geometry" 
that I wanted to be a math teacher. I just loved it, 
even though--because with "modified," I finally 
understood it, because it was easier. • • • (PBI) 

In general, Pam believed that students' dislike for 

mathematics stemmed from the way it was taught, not because 

it was inherently difficult. Pam related this belief back 

to her own apprenticeship of observation in the area of 

mathematics and to how that translated into her 

professional life as teacher. 

• • • I think one of the reasons that I didn't do so 
well and I may have been frustrated before high school 
was that there are so many numbers, and so many little 
rules you have to learn. Algebra's just like that, you 
know, you have to use the "FOIL" method. You have to 
learn it--"First, Outer, Inner, Last;;--you know, and 
this kind of thing. And they don't learn from the 
basics, and they don't learn from touching and really 
understanding. I think if people really understood 
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why, [for example] division happens the way it does, 
they would enjoy it, because they could do it. 
(PBI) 

Pam studied at the local state university, taking all 

her preservice education courses at this institution, as 

well as an undergraduate course in trigonometry as an 

elective. Having graduated so recently, Pam demonstrated 

confidence in knowing current content and methods in the 

area of mathematics. Of the four fourth grade teachers 

(the "fourth grade team"), Pam was known as the "math 

expert." Bob mentioned Pam as the teacher he would consult 

since she "was up on things in math." When Pam was asked 

the who she would consult, she at first mentioned her 

husband, then decided that she "couldn't really have a 

question about fourth grade math." Her interest in how to 

teach mathematics, as well as a district monetary 

incentive, prompted Pam to attend summer workshops in the 

area. 

I went to "Math Solutions" which was a week-long in
service within the district at Harper School. I went 
to that two years in a row. It was the same thing 
[both times], but I just liked it so much, I wanted to 
go back and learn more. There were some things that I 
didn't get. I went to that, then last year, ••• I 
took a math problem solving one-day seminar and got a 
handbook of these fun little problem solving games 
that you can play with kids, and just different ways 
to add numbers instead of the old conventional way-
and subtract, and place value, and [it was] really a 
neat thing. I, ab, well, basically, I love math and 
that's my favorite, so I do most of my inservices in 
math. (PBI) 



Pam related that she spent her student teaching 

assignment in a junior high school where she was 

responsible for an algebra class. She admitted that she 

"loved working with numbers:: and this was her motivation 
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for choosing mathematics as her favorite area to teach. In 

recalling her first few years of teaching, Pam supposed 

that she had taught "right out of the book." From that 

point she actively sought out workshops and seminars on 

teaching mathematics, not because she saw that as an area 

of concern, but rather because she enjoyed it and felt good 

teaching it • 

• I think that summer after my first year, I went 
to the 'Math Solutions' workshop, and each year after 
that I've incorporated more problem solving, more 
graphing, ••• but each year it's just getting 
better, and better, and better. But I'd say in the 
beginning--[I taught] straight out of the book. And I 
use the book quite a bit still, but not all the time. 
(PBI) 

In her fourth year of teaching Pam and Bob worked out 

a team teaching arrangement. It continued throughout the 

whole year, but from Pam's perspective it was not a 

successful venture. Bob commented that he thought it didn't 

work because Pam wasn't comfortable when she wasn't 

"totally in charge." Pam explained: 

• But mostly the other teachers are doing their 
own thing in their classrooms. I don't have a whole 
lot of time to see them, really. I'm glad to be 
alone. Last year I team taught in a situation that I 
was not happy with • • • my first three years I taught 
alone, then I went to team teaching, and now I'm back 
alone. Oh, man it's great! ••• Now I can do my own 
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thing. I don't have to--I know this is like not 
cooperative learning or something, but I just like to 
be in charge of my own class, of what I do. Also I 
had a problem last year--the two of us who team 
taught, had never been in the situation before and I'm 
more the type to--I just go and do. And I did for the 
other person. And I really got stressed out. It was 
really kind of awful, and I got to a point where I was 
doing much too much for what I should be doing, so--. 
(PBI) 

In high school, Pam reported she had taken Algebra I, 

Algebra II & Trigonometry, and Geometry. College courses 

included College Algebra, Finite Mathematics, Trigonometry, 

and Elementary School Mathematics. In spite of Pam's 

reputation as math expert, informal conversations about 

such things as simplifying fractions using prime 

factorizations, for example, revealed cursory knowledge of 

the mathematics involved. 

Pam's Knowledge and Sense of Mathematics 

as a Field and as a School Subject 

In her belief interview, Pam described mathematics as 

a "jigsaw puzzle [where] you have to put the numbers in the 

right places." She had a dualist view of mathematics that 

consisted of right and wrong answers. Pam's emphasis on 

this aspect manifested itself after each correct answer to 

the daily math on the overhead when she would ask for a 

synchronized show of hands, "How many got it right? Hands 

up. And down," as she raised and lowered her hand in time 

with the students. This theory of right and wrong extended 
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into non-routine tasks. One such example was the toothpick 

problems~ that were distributed at one of the Math 

Dialogue group meetings. In carrying these out, Pam put 

the problem on the overhead, passed out the toothpicks, 

then walked around to check students solutions. She 

checked with the answer key before deciding whether the 

students' solutions were correct, rather than deciding from 

the student's example if it fulfilled all the conditions of 

the problem and was, therefore, also a correct solution. 

When questioned about this in a practical-argument session, 

Pam described her thinking: 

MOST PROBLEMS HAVE ONLY ONE REAL SOLUTION AND THAT'S 
GIVEN ON THE KEY, IF STUDENTS COME UP WITH OTHERS, 
THEY'RE PROBABLY WRONG. 

P: If it's a long division problem and if it's in 
the book, paper/pencil, yeah. 

0: What about the toothpick problems? 

P: If it's--no, they could up with many different, I 
mean, although I don't know if they did, I don't 
think they could, but if they would have come up 
with another solution, following the 
instructions, now they had to follow 
instructions. A lot of kids came up with 
solutions. Well, they came up with two squares 
and then things sticking out so--IIWell, you're 
right--two squares there but what's this right 
here? This has to be somet.'t!ing." Well, it's 

~ Toothpick problems are spatial logic problems (also 
called matchstick or popsicle stick problems). For 
example, a diagram is shown using 12 toothpicks arranged to 
form a large square made up of 4 smaller squares, with the 
directions: remove 2 sticks so that you have just 2 squares 
left. 
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nothing and then I'd say, "Well, if it's nothing, 
then why is it there?" (PPA4) 

In the classroom, Pam had considered wrong anything 

that didn't match the answer key exactly. What I 

discovered through discussion was that she was interpreting 

the problem as asking for two squares, and nothing else, 

whereas some of the students had interpreted it more 

broadly to include any design that contained two squares. 

Pam found problematic the conclusion that these solutions 

could also be considered correct. 

Pam talked of mathematics as being a series of 

procedures, on the one hand, and thinking skills on the 

other. What was particularly salient from the data, both 

observational and conversational, was Pam's belief that a 

major component of mathematics corresponded to memorized 

routines. 

Through the paper/pencil, they're going to get 
it, it's just repetition. It's like the facts test. I 
mean you can compare this kind of math here--the 
algorithms with the facts, I mean it's a procedure to 
be learned, you're memorizing things, I mean that's 
not all that math is, but that's one section of it and 
I don't think you can ignore it. I know that we had a 
big talk and I feel very strongly you can't ignore it. 
I mean it concerns me when I have a daughter coming 
into second grade and we have a second grade teacher 
who believes in pure discovery and nothing should be 
memorized like that and I don't want that, I don't 
want that for my daughter. I want her to be able to 
use her brain in different abilities, different 
capabilities, I mean I have to memorize my social 
security number, my driver's license, and if I didn't 
know the facts, I mean the multiplication facts, I'd 
be lost and even the subtraction facts, I mean, in 
doing my checkbook and if you don't know these 
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procedures, you're going to be lost. I was talking to 
my husband the other day. I made a real funny joke 
and I told him, I said you know if this continues to 
happen in society and I really feel this and I know 
not everybody does, but we're going, I mean I don't, I 
don't disagree with technology and I don't disagree 
with computers, I mean calculators. I use calculators 
all the time especially in health. We've been using 
them an enormous amount in health for ah, averaging. 
But ah, llm, you're going to get people, you know, who 
will have lower paying jobs but whatever, and then 
some day you're going to find a biker, a motorcycle 
biker, and he's going to have a tatoo and it will be a 
base 10 FLU board~ or something, and helll have 
little things to move because he's not able to 
remember it himself. (PPA4) 

The intensity of Pam's voice as she spoke the above 

words demonstrated the fervor of her belief. During the 

December Math Dialogue meeting, Pam became particularly 

disturbed when the conversation turned to the question of 

whether the basic facts needed to be memorized. When other 

teachers suggested that pattern recognition and the use of 

calculators might replace the need for students to memorize 

the facts, Pam countered that without the memorization of 

the basic facts, students could not progress in 

mathematics. The district guidelines also required stated 

levels of attainment in relation to time for the basic 

facts by grade level which were supported to some extent by 

the principal. 

~ A "FLU" board is a device used with the base ten 
blocks to show place val~e. It is a ~at labeled by columns 
left to right--"F" for flats, "L" for longs, and "U" for 
units (thus FLU). In the base ten blocks, "units" are 
individual centimeter (em) cubes, "longs" are 1 em by 10 cm 
by 1 em high, and "flats" are 10 em by 10 em by 1 em high. 
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A Typical Mathematics Lesson 

The following is Pam's description of a mathematics 

class: 

A typical day teaching math. ·.me kids start with 
daily math, I show it on the overhead. They have 5 
problems--computation, and they work that out; they 
answer the questions. We talk about them, and the kids 
are able to ask questions if they need to. After 
that, we go right into the facts test. We take a 
facts test. On Wednesday, we take it for a coupon, 
which is like a prize to see who can get five minutes 
or less and five or less wrong--which is my goal for 
all the kids to get done-- they're almost there. And 
ah, then we go into, right away, into whatever the 
lesson is. Um, the previous week we've been working 
on those assignments up there, those have to do with 
rounding, reading numbers, being able to write them, 
place value, word problems, that kind of thing, just 
to make sure that they understand what has been 
covered in chapters one and two. (PBI) 

Although the topics covered were typically textbook 

algorithms, Pam frequently employed the use of 

manipulatives, at least for the division algorithm, which I 

observed. Megan supported the use of such concrete aids in 

the classroom as well. Pam's lessons were highly teacher 

directed in a step-by-step fashion, including the ones 

where manipulatives were employed. Student input was 

restricted to one- or two-word responses to direct 

objective type questions. Pam readily culled ideas and 

activities from the Math Dialogue meetings, and presented 

them in lessons, sometimes the very next day. I also 

observed two consecutive problem solving lessons in 

October, where Pam implemented her perception of student 
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cooperative learning. During the lessons, Pam moved from 

group to group, explaining how to do the problems. n Near 

the end of the class period, Pam lectured on the rules of 

good cooperative learning, then went ~~rough the problems 

line by line, emphasizing key words, and asking fill-in 

the-blank type questions. One of Pam's colleagues informed 

me of Pam's early avoidance of classroom discussions with 

the reported reasoning, "because she didn't feel in 

control." No more of these group problem solving lessons 

were observed until later in the year when they took on 

more authentic form following the practical-argument 

sessions. 

Pam's Major Beliefs about Teaching 

and Learning Mathematics 

One theme that emerged from Pam's data was the 

direction and flow of the curriculum by topic and down to 

the daily level as being controlled and directed by Pam. 

She spoke of having to provide detailed directions to the 

class "before [she] would let them go." 

••• They want to know, how to, the right way to do 
something, or your expectations ••• and as you see, 
I take a lot of time in setting up the paper, you 
know, this and that, and I do it slowly and I did that 
last year in science. It was my first year of 

v An example of a problem was one where five 
basketball players' names were given along with clues about 
each one. Students were to rank the players by height. 
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teaching it and the kids had to write a paragraph-
"What did you do and what did you find out." Well 
they weren't told how to do that • • • I don't know if 
it's right or wrong: but I don't feel comfortable just 
saying "Go!" (PPA5) 

Within lessons, too, Pam would stop the class and 

redirect them along the lines she had planned ~~eir 

thinking to proceed. When I questioned Pam about the 

length of time she spent on directing the students even 

after they had begun the (Fall problem solving) task, she 

replied, 

Because this is a mistake that they, that I noticed 
the day before and I wanted to make sure that they 
weren't continuing on this mistake and it would just 
build. And then they would totally be in the wrong 
direction • • • I don't like to, in a problem like 
this, and in a second day thing, to say, "Okay, 
continue where you left off" especially when I see so 
many areas that they needed to concentrate on. (PPA1) 

Upon questioning Pam about her direction-giving and 

whether the students couldn't figure some of it out on 

their own, she remarked: "I don't know if they could figure 

it out... During the discussion, I offered alternative ways 

the students could demonstrate the same ability or 

understanding. Pam admitted that she realized that there 

were alternative ways the stUdents could do an assignment, 

but remarked, nIt depends on what I wantn (PPA5). 

Pam referred several times to "going at her pace in 

math." She reported on her decision to do this, due to the 

variety of levels of students as well as after consultation 

with a colleague who informed Pam that she should, "go on" 
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because "you can't wait for the slow ones." Pam added, 

"and then there are the ones who are fast, if you're not on 

top of them all the time, they get bored. So I go at my 

pace in math" (PBI). Pam's sense of teacher control 

revealed itself in the expressions she used to describe the 

mathematics she was teaching. For example, when recounting 

how she used base 10 blocks to teach division, Pam 

concluded with: "This is the biggest class I've ever done 

it to." Perhaps her need for control had to do with the 

size of the class as well as her inexperience as a teacher. 

When the students were having difficulty with double 

digit multiplication, Pam related the strategies she used 

to help them remember which type of problem required which 

procedure. 

When we got into the double digit [multiplication] 
• • • it was a math test, one with single digit and 
double digit, and they had no clue whether to go long, 
or just do it, you know, like single digit, so we 
spent a lot of time looking at problems and writing a 
"0" for "double," "S" for "single," or an "M" for 
"mental"--cause you could do some in your head. So 
they can recognize, "Hey, I do that the long way, and 
I do that the short way. This is not double." You 
know, you can say, [If there are] two numbers on the 
bottom, that's double, you know, but it just doesn't 
register. • • • It doesn't always hit them. (PPA3) 

Pam's belief about multiplication as a mechanical 

routine guided the manner in which she presented the topic 

to her students. In my final interview with her, as we 

were discussing conceptual understanding, Pam mentioned her 

own difficulty with understanding multiplication at the 
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conceptual level. " ••• I think for the most part I try to 

teach at the concept level, I think double-digit 

multiplication isn't at that level, but the other major 

areas that I teach--fractions, geometry, division, and 

money are" (PFI). Teaching multiplication as a rote 

routine, Pam found not only difficult for the students, but 

wearing on herself as well. Even after spending more time 

on double-digit multiplication "this year than any other 

year," and after going "over and over it," the students 

were not performing the algorithm to her expectations. Pam 

remembered saying, "It's enough, I can't handle any more of 

this," and switching over to teach a unit on geometry. Pam 

related on more than one occasion that her "biggest 

disappointment" lay with the students inabilities in 

double-digit multiplication. When asked about using 

manipulatives to teach multiplication, Pam resisted, 

mentioning that she had once tried it in the past, but that 

it was "very, very difficult with manipulatives, at least 

for me. I don't understand it enough to show them" (PFI). 

An unexpected finding from the data revealed itself in 

the taped conversations with Pam about concepts and 

procedures, she referred to them as two distinct methods of 

solving problems, rather than connected levels. "It lets 

them know that there's another way to learn math and it; s 

not just pencil and paper. And I also like the kids to 
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learn the memorizations. I don't want one group to see only 

one way of doing something" (PPA4). Although Pam did use 

the term "levels," she did so in relation to the academic 

level of the student rather than levels of understanding. 

The concept level was considered the least necessary since 

it was the first to be learned, and the memorization of 

procedures as the most desirable, since it was the end 

product or her goal for them. From the data, she appeared 

not to recognize these as two parts of the same 

mathematical process • 

• It's hard for some of them who are very good at 
the abstract level to come down to the concrete level 
and work with the base 10 blocks. They want to go on • 

• They don't want to mess around with playing with 
these little blocks. They've done it in the primary 
grades, you know. (PPA4) 

Another place in the data, Pam referred to "starting 

with the blocks and working [her] way up to the 

memorization part;" and that she let students use 

manipulatives on tests "if they needed them." Pam received 

encouragement from the principal on her use of 

manipulatives in the teaching of mathematics. Pam 

mentioned several times how transparent the long division 

process was with the use of manipulatives. "I have found 

this in the past, that the kids who have not had the 

experience with the base 10 blocks in learning division, 

and have jumped to writing out the problem, have missed the 
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whole meaning of division." This is in contrast to her 

beliefs about multiplication • 

• Anyone can teach, I think, a kid to go through 
the motions of division. You know, this goes here, 
and that's because I say so. But to be able to 
understand what is happening by using the base 10 
blocks--~~at is finding the true meaning of division. 
(PBI) 

I observed Pam teaching the unit on division. Except 

for the fact that she had materials in her hands, her 

teaching style differed little from when she worked through 

homework arithmetic examples step-by-step. Pam worked from 

a sketched out "FLU board" on the overhead projector, a set 

of base 10 blocks, and three questions written out on a 

portable chalkboard. She read a question, did it on the 

overhead with her blocks, as the students reproduced the 

same on their boards with blocks of their own. Then she 

poised objective questions, such as "How many do we have 

left?" Her lessons, even those with manipulatives, 

required little from the students other than a precise 

following of directions and imitation. Pam prided herself 

on the complex system of routines that she had established 

in her mathematics class. 

I really like starting my math this way. If I get to 
where I don't do daily math, and I don't always do it, 
but when that happens, it's not the nice flow. I don't 
know. I'm not as relaxed about math. I like for them 
to have kind of a premath in a way, you know, kind of 
a review, and ~~en we do ~~e [lOO] facts test. {PPA5) 
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When I asked Pam why she followed the same routine in her 

mathematics classes, she responded that she "liked" 

routines, and that routines helped her "know how [the 

studentsj were doing." Pam reported that the sUbstitute 

teachers "noticed in math, as well as in a lot of the other 

subjects, that there's a routine." She mentioned that one 

of the substitutes "couldn't believe that the students knew 

what to get out and what to do next." "The kids know that 

first you do daily math, then you do the 100 facts test, 

then you do your lesson, they hold up their hands if they 

got it right, then they come up for stickers." Pam 

perceived the routines that she set up as saving her 

instruction time. 

I think routines are good. The kids need a routine. 
They need to know what happens next and they need--I 
mean our daily lives are routines. We always do the 
same thing. When I wake up in the morning, I come to 
school the same way, and I go to my mailbox, and I 
walk to my classroom, and I write down what I'm going 
to do, and I put it up on the overhead, so they're 
getting into a routine too. A lot of the instruction 
of getting them to do this, I don't need to do any 
more, because they're in the habit of doing it. 

When I asked Pam if she ever allowed a student to do 

the working out of the review problems presented during 

"daily math," she revealed that she did not let the 

students do this because of the time factor. Time was 

observed as a major component in Pam's teaching. She went 

briskly from one segment of the lesson to the next, as well 

as within segments, when students were called on to answer 
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strong feature in Pam's classroom, that I asked her 

directly about it in a practical-argument session. 
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0: Do you have SOwe sort of schedule where you have 
just so many days for division? 

P: No. 

0: It just seems like you have a pace--

P: No, I don't have any [schedule]. In fact we're 
way behind from my test. • • • I usually have 
started fractions already. We took long on our 
double-digit multiplication. (PPA5) 

Pam referred to time as a factor in a different 

context as well. We were discussing subject integration 

across the curriculum, when Pam narrated the week of 

lessons where she had tied mathematics to the Olympic Games 

through outdoor activities. Pam mentioned that she planned 

to do more such integrated activities next year, but that 

that is a difficult way to teach due to the time involved 

to plan and collect materials. However, regardless of the 

constraints on her time, energy, and finances, Pam resolved 

"to try a lot of that next year" (PFI). She was aware of 

classroom factors that limited what Pam did in the 

classroom, but it was made especially salient during the 

year of the study when she had her largest class enrollment 

and not enough materials. 

The obstacles are money • • • mostly money--and time-
a lot of time. I think that's the biggest thing I'm 
finding this year is my time with 33 students and 
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teaching 5 subjects, and grading--that's a killer--so 
I ~~i~~ that it's money and time. (PBI) 

It is interesting to note that embedded in the above 

conversation was the implied teacher energy as a factor as 

well. Pam appeared to have an unending supply of energy 

and, therefore, seemingly overlooked mentioning it as a 

constraint. 

Pam's Perception of the Teacher and Student Roles 

When expressing her view of the role of the teacher, 

Pam used the following four terms: facilitator, guide, 

docent, model. Pam saw herself as facilitator when 

discussing the role she played in the problem solving 

lessons using what she labeled "cooperative learning." 

Although Pam saw herself in that situation as facilitating 

the students learning, to the observer she appeared to be 

directing their thinking toward "right answers." The 

metaphor "guide" that Pam referred to herself as, relates 

closely to the first, "facilitator," but with the added 

dimension of "gently showing the way." Pam talked of 

herself as "a guide through math" as though it were a 

forest or a maze through which she was leading the 

students. At another time, Pam explained: 

I need to guide their thinking to make sure they're 
watching what r:m doing, so they can read along and 
follow the information • • • [otherwise] I wouldn't be 
sure they were thinking in the right direction, they 
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would be thinking their own way, and I wouldn't have 
accomplished my goal. (PPA1) 

As "docent," Pam perceived herself as expert in the area of 

mathematics. The students looked up to her because she had 

"taken math all the way through trigonometry," and because 

she "loved math so." From the metaphor teacher as "model", 

Pam saw her role as modelling and the students' as 

imitating that model. She attributed the statistics that 

she gathered from the students at the end of the year to 

her own love for math. "By the end of the year, I'd say 

probably 90-95%, said math was their favorite subject." As 

"model," Pam set the goals for her stUdents. She spoke 

of her class of students this year as "molding together," 

with one exception. "I'd say, I had one major behavior 

problem in my classroom. When he was absent, the class ran 

like clockwork." Milton refused to fit the mold. He stood 

out as "the personality" in the classroom. Although Pam 

reported "trying everything to discourage it," the stUdents 

almost unanimously voted Milton stUdent council 

representative. The following is but one example, among 

the many collected, of Pam's narratives in regard to 

Milton: 

Wednesday, he was off the wall. He wouldn't be quiet; 
he wouldn't sit in his seat. I said, "Fine, Milton, 
you lost your privilege to play in the kickball game" 
that aft~~oon. He wouldn't talk. He threw things 
around. 'Cause if he doesn't like something you do, 
he'll shut up, or shut down, and just--you won't get 
any work out of him. So, I have learned to work on 
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trying to back off from him and be more understanding. 
(PFI) 

student Assessment in Mathematics 

Assessment was a strong theme in ~he data collected on 

Pam. As mentioned earlier, she planned her lessons by 

first designing a weekly test and then teaching to it. 

"And, boy with that math test, I'll know in my head what I 

want to cover!" Contrary to movements in the district and 

the school itself toward a broader conception of 

assessment, conversations with Pam reveal~d her belief in 

objective type testing. 

They'll miss a problem here or there for silly 
mistakes. But I feel very comfortable at the level 
they are. In fact, probably in one week I'm giving 
them a few little assessments here for the report 
card--just to make sure that I know exactly where they 
are. (PBI) 

Pam relied on pencil/paper tests to determine her students' 

progress. Students were tested at least twice daily--a 

daily math review, and a 100 facts test; and at least once 

a week--a Thursday test on the new material presented the 

first three days of that week. She did, however, allow the 

students "who needed them" to use manipulatives while 

taking tests. At one point, she remarked to her class, 

If you need to use the base 10 blocks, feel free to 
use them; if you don't need them, don't. I'll catch 
you if you're having problems. I'll know from your 
test, then you'll have to go back to the blocks. 
(PPA4) 
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Pam indicated that she used assessment as a way to 

determine hierarchical levels as a way to grade students. 

This is illustrated more graphically when Pam described two 

students who had progressed in ma~~ematics beyond her 

expectations. 

• • • Tina George and Suzanna Jones--they have just 
flown. Their tests are like 90's. And these are kids-
one little girl who just couldn't seem to add or 
subtract when she came in, and the other one couldn't 
get her homework in, and thereby not doing any of the 
work. And just both of these kids have just gotten 
excited about math. And I think, though, they are two 
that need to be at the concrete level for some time. 

Pam reported spending the first few days of the school year 

testing the students in order to determine a grade-level 

category for each child. She also mentioned using the 

standardized test scores from the previous year to help in 

this categorization. When asked, Pam criticized the use of 

ability grouping in mathematics, that is the physical 

grouping of students for separate instruction. However, 

the classification of students into "bright,n "good," or 

"poor," "weak" was characteristic of conversations with 

Pam. She appeared to think of students in these academic 

terms. The impact of this was greater on students without 

an academic focus, i.e., Milton: 

0: Is there a student who did not get as far as you 
had predicted or hoped? 

P: I'd say, probably, Milto~. ! thi~_~ that if ! 
could have Milton one-on-one, alone, like a lot 
of kids I'd like to have, but, and get away from 
all that nonsense that he tries to play in the 
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class, but when he buckles down and tries I think 
he could have done it. The last test, I gave the 
kids a test that would be included in their 
portfolio to go to fifth grade and Milton started 
crying. I don't know if it was a real cry, or 
one of these try-to-intimidate-the-teacher cries 
and he said that he wanted to call his mother. I 
said, "Milton, why do you want to call your 
mother?" "Because she helps me and she sits 
right next to me and tells me, shows me how to go 
through this, and then when she shows me, too, I 
can do it, then, you know." And then I said, 
"Milton, we need to see what you can do right 
now at this point." I think, you know, I don't 
know how much progress he's made in math. 

0: Okay, so how can you tell this? By what method? 

P: Assessment, you mean, types? 

0: How can you tell he hasn't progressed? 

P: Well, I go by the testing and his feelings for it 
and especially the last couple of weeks when 
school is coming to an end he's thinking fifth 
grade's coming on and he can't do the things the 
[other] kids are doing. And he's over there and 
sulking or crying or just writing at the top of 
his paper, "F," circles it, you know, like I've 
already written my grade, here it is. He is not 
one I think that wrote math is his favorite, you 
know, he's just, he's made a lot of social gains, 
a lot of behavior gains, but math that's hard. 
(PFI) 

Other Perceived Influences on the Teaching 

and Learning of Mathematics 

In the initial belief interview, Pam spoke of the 

importance of peer collegiality. She mentioned that she 

felt very close to the teachers on her fourth grade team, 

and that she rarely had a chance to talk with o~~er 

teachers except in passing. She attributed this to the 
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time factor. At her first interview, she mentioned that 

the teachers on her team talked about math frequently, 

mostly about activities and materials. Pam believed that 

in some cases, the lower-grade teachers did not do a good 

job of preparing the children in mathematics for fourth 

grade. Pam mentioned a particular case of a third grade 

teacher who Pam helped organize topics so that the children 

would be better prepared for Pam's program that began with 

the multiplication algorithm, assuming mastery of lower 

level skills. Pam was known for her enthusiasm in teaching 

mathematics, and parents reportedly admired her for 

sparking the same love of mathematics in their children. 

Another difference that Pam perceived between herself and 

the other fourth grade teachers at Waterford was 

mathematics content breadth. Pam attempted to teach 

alternative topics. She described such efforts as 

"hitting." "I have gone out to try to hit as many 

different areas in math as I can, to get into thinking 

skills. I mean I've hit geometry. In geometry I hit the 

protractor. " In Pam's final interview, she spoke of 

a couple of teachers at Waterford that she "greatly admired 

and respected for their math knowledge, ability to teach 

it, and for their ideas." 

Gena and Eileen, but beyond that I don't think too 
many people believe like I believe in using a lot of 
materials and the cooperative working, so I don't 
really talk to them too much. In fact, the other day, 
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I was telling a couple of the fourth grade teachers, I 
said, "Wow, I did--." First I started, I said, "How . 
did you teach reducing fractions this year'?" And they 
said, they had the kids think of the number that was 
the same, you know, common factor--just in teaching, a 
lot of mental. If the kids can't do it mental, 
they're in trouble, and I said, "wait, watch this!" 
And I got my napkin out and I did this [Here Pam 
showed me how she taught the students to break the 
numerator and denominator down into factors and cancel 
the common ones.] I was so excited that I thought of 
this, and I thought I'd get them excited, but they 
weren't • • . or wouldn't admit it, or weren't open. 
(PFI) 

The above quote demonstrates how disappointed Pam was 

in her colleagues when they didn't share her excitement. 

She mentioned on numerous occasions her disappointment in 

the limited number of teachers taking part in the monthly 

Math Dialogue meetings. Pam thought these were beneficial 

to her as a mathematics teacher, as the following 

demonstrates. 

P: I'm just that, I'm not sure why the other people 
didn't do it. 

0: I know. 

P: That's what I'm thinking, because ah, and then 
the Math Dialogues were great. I think that that 
was probably the best thing, because when you get 
teachers talking about ideas and beliefs together 
with other teachers, that's where I think I learn 
the most, and I feel open enough to speak what I 
want to say. (PFI) 

So, although at the beginning of the year Pam was 

satisfied to be on her own and "do her own thing" after a 

bad tea: teaching experience, her need for sharing: input: 

and encouragement from her colleagues became more salient 
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as the year progressed. Pam possessed an energy and 

enthusiasm with which she enlivened her mathematics 

classes, and a desire to share this gift with her students 

and fellow teachers. The enthusiasm Pam held for the 

subject of mathematics, she did not perceive as common 

among her colleagues. Her need for sharing was thwarted by 

the feedback she received from peers. My sessions with Pam 

provided some outlet for Pam to describe what she was doing 

in the classroom. And the Math Dialogues provided a larger 

arena for this same purpose, at least as far as her 

classroom activities related to the issues being discussed. 

Summary of Teacher Pam 

Mathematics was Pam's favorite subject to teach. 

Because she had spent so few years teaching, Pam considered 

her knowledge and pedagogy to be current, and therefore, in 

need of little change. She suggested that the common 

belief--mathematics was the most difficult subject for 

students--was due to the manner in which it was taught. 

Pam believed that her approach--with manipulatives, 

memorization of basic facts, and breaking the content down 

into small segments helped her students to understand 

mathematics· and therefore enjoy it. Her recent preservice 

education included some of the current reforms in 

mathematics education, and therefore, encouraged Pam to 
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take on the role of expert. Her colleagues, particularly 

those at the same fourth grade teaching level, looked to 

Pam in this role. She actively sought out seminars and 

workshops in the teaching of mathematics because of the 

satisfaction she gained from the teaching of mathematics. 

Pam's early belief in the transmission of knowledge 

from teacher to student was depicted in the external form 

of an authoritarian management system, and didactic modes 

of teaching. As the study progressed, she adapted her 

teaching style to a more behind-the-scenes control as she 

prepared task cards for the students, while allowing the 

students to work together to interpret and solve the tasks 

during class. These actions were accomplished following, 

and in conjunction with, discussions and reflections on the 

role of the teacher in the process of learning mathematics. 

Pam's metaphor for mathematics was that of a jigsaw 

puzzle where correct answers were pieced together, forming 

the whole. This dualistic view of the children's answers 

being either right or wrong, she also modified as the year 

progressed. Her sense of the dualistic nature of the 

discipline demonstrated itself also in the area of concepts 

and procedures. Rather than perceiving procedures and 

concepts as two interconnecting levels, Pam referred to 

~~em as two distinct methods of problem solving. 
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Initially, Pam used post-tests to derive her lessons, 

which made suggestions from the school culture of more 

open-ended assessment measures particularly problematic. 

However, her interest in this area prompted her to suggest 

the topic of writing in the mathematics curriculum for 

group discussion, which was carried out in the March Math 

Dialogue. The enthusiasm she held for the subject of 

mathematics, Pam was eager to share with her colleagues and 

students. 

Change Across Teachers 

Although the study is limited to three subjects in one 

particular school situation, analysis across teachers may 

provide insight for further investigation and adaptation to 

other situations. Being ethnographic in nature, the study 

and its conclusions emerged from the perspectives of the 

teachers and the culture within which they found 

themselves. At times, the teachers own personal 

reflections were so complex and internalized that no amount 

of observation on my part would have revealed the beliefs 

and values t-~ey expressed through conversation. The three 

teachers in the study were more different than they were 

alike. They approached the content from different points 

of view and from varying histories as stUdents. Their 

classroom organization and teaching styles were different. 
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My conversations and relationship with each teacher was 

unique. Their internal reflections also were so 

personalized as to be available for verification by the 

individuals alone. 

The most salient change characteristic to all three 

teachers involved questioning reflection on content and 

practice in the area of mathematics. Though expressed 

directly by Pam and Sue, this trait was alluded to in 

conversations with Bob when he talked about mentally 

deciding on appropriate tasks for the students as a 

consequence of the staff development. His indirect method 

of communicating could be due more to the difficulty Bob 

had conveying personal meaning and in his choice of words, 

than to other factors such as growth. 

Sue: I think a great deal differently about math in 
terms of I think about now-- why am I doing this, 
what was the reason I am doing this kind of 
thing. The textbook is looking even more 
artificial and even more stilted, and even more 
like this silly appendage out there, so I don't 
know .• 

Pam: I think what is different is that I think 
more about why I do what I do, instead of just 
doing it. But now I think that, you know, why did 
I do that? There's got to be a reason inside me. 
It's just whether or not I can get it out and 
say, "why?" But I think that's what's been neat 
about this [staff development program]. 

Bob: [Whereas before], I never planned math, now in 
the evenings, I spend half an hour to 45 minutes 
going over and deciding what my brain teaser, 
etc. is going to be. 
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A change recognized by both Bob and Sue was in 

relation to teacher/student interactions in the classroom. 

Recognition of personally-evaluated less than desirable 

actions were acknowledged as a result of the staff 

development. Bob's awareness and change was a result of 

reflection on the video tapes of himself teaching, while 

Sue's was a more involved deliberation on the practical 

argument analyses of her realized beliefs in relation to my 

hypothesized beliefs. Pam's growth in this area was only 

partially revealed by the data, but progress was suggested 

in the form of comments of intent to reflect on 

teacher/student relations to be acted upon the following 

school year. These plans included Pam's use of more 

student-directed (as opposed to "teacher-directed") tasks 

such as those she prepared after a math inservice a few 

years earlier but did not implement until the last month of 

the year of the study. 

Bob:. When I saw myself on videotape, it didn't 
come across to me the same way as I meant it when 
I was doing it. And so, therefore, I had to look 
at it real carefully at what I was doing to make 
sure the kids were receiving it the way I meant 
it. • • • I consider myself a real kid person, 
see, and I don't like to make kids uncomfortable, 
but what I saw myself doing could have made kids 
uncomfortable sometimes. 

Sue: When I realized from those [videos] that certain 
questions of mine were giving signals to kids 
that all I wanted was the answer, so to speak, 
and it doesn't matter whether vou understand it 
or not. All we're going for is-the answer here, 
'cause I want to get off this page number. I 
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realized, to turn this thing around, we cannot do 
it this way. This isn't what I'm after, anyway, 
so. • • • It was at that point that we swung 
around and we went into the deci~al s~~a~es and 
did decimals as a complete hands-on kind of 
concrete thing. 

Pam: • . • I think that that is kind of a new area 
I've hit the end of this year in the "Math 
Menus." There's no set answer. In fact, some of 
the instructions are vague, so when they come up 
with what they believe the instructions say and 
go about it, they have gone through a process 
that they have thought out for themselves, and 
they believe it to be the right thing. And it 
could be. No, I can't really saw, "No, you're 
wrong. It's not like double digit 
multiplication. • • • I've thought about this, 
this year, over and over. I want to do more 
things like this. • • • I wouldn't focus on this 
totally--cause you know how I believe the basic 
facts [are important], and having to do double
digit multiplication, division, and all that, but 
this is a great way to get in all that other 
stuff. 

Most change, however, was individual, reflecting the 

personalized nature of the staff development. Although 

both Bob and Pam mentioned the group Math Dialogue on the 

use of writing in mathematics as being influential, Bob's 

awareness of its effect was in the past tense whereas Pam's 

was more future oriented. Bob reported a greater awareness 

pedagogically into how students may assist each other in 

problem solving by recognizing his own need for the input 

of others in real life crises. Sue alone mentioned an 

effect on how she thought of the discipline of mathematics 

itself as being less segmented into individualized topics, 

more "intertwined" and less linear. 
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Sue: One of the things I realized [this year] was; I 
had thought math was a linear process • • • you 
do multiplication, then you do division, then you 
do fractions, then you do decimals, then you do 
geometry and perimeter and area, then you do the 
standardized test. That's very linear! NOw, I 
don't see it that way. I don't see it so much as 
the discrete parts,--it used to be very, very, 
very segmented. Maybe my vision is a little 
sloppier, but it all kind of goes together •..• 
They're all intertwined. It's real hard [to] pull 
out a little piece here and a little piece there. 

In evaluating the staff development, Bob and Pam 

continued to request "recipes" and "activities," objecting 

to the program's different focus from this traditional 

inservice aspect. Sue appreciated the depth that the 

program permitted, likening some sessions to "therapy." 

0: After the feedback sessions, that's our one-on
one sessions, how did you feel? 

S: Oh good, sometimes real thoughtful, though. A few 
times turned a little around, thinking • • • 
Hmmmmmm, did that mean that or did that mean 
something else or Hmmm. • . • But there was one 
time that one where you did the cards and [it 
was] about my beliefs in the classroom where I 
almost felt like I'd come out of a therapy 
session. (SFI) 

Sue and Bob acknowledged their appreciation for the 

reference articles (see Appendix G) made available to them, 

that related to general and specific aspects of their 

mathematics teaching, as a major plus of the program. In 

fact, Bob became so involved in the literature made 

available before the group Math Dialogue meetings that many 
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questions he raised from the readings. 
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B: On the Math Dialogues, which I really loved, I 
really, really, really felt that I was dominating 
those dialogues. • • • But it really did bother 
me that they were always my issues. • • • Why 
didn't other people have issues to bring up? I 
spent some time thinking about this, and I think 
the reason is because you had given me an article 
to read and I would read it and think about it 
and I don't think everybody else did. (BFI) 

The above findings may be considered inconclusive due 

to the short nature of the study. However, in another 

sense, they may prove helpful in detecting directions for 

further investigation in similar or branching-off types of 

staff development research. Longitudinal research in the 

same or similar studies would again add a further 

dimension. 

In Chapter 5, I will discuss how the findings of the 

study, relate back to the research questions and to the 

literature reported earlier. Conclusions regarding these 

connections, as well as implications for further study, 

will also be presented. 
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DISCUSSION AND CONCLUSIONS 

Introduction 
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My purpose throughout this dissertation has been to 

shed some light on teacher empowerment and change through a 

reflective-dialogue staff development process in the area 

of school mathematics. My premise was that teachers based 

practical classroom and curricular decisions on their 

personal and professional beliefs, and values. My 

questions evolved over the course of the study to include: 

(1) the teachers' focus--curricular and pedagogicalj (2) 

the value teachers placed on staff development in regard to 

the teaching and learning of mathematics; (3) their beliefs 

concerning the role of the teacher and the student; (4) the 

influence of the classroom context or school culture on the 

teaching of mathematicsj and (5) the effect of the staff 

development on the teachers' beliefs, values, and practice. 

r elected to use ethnography as a means of understanding 

aspects of teachers' lives that related to their beliefs 

regarding the teaching of mathematics. The context of the 

study, however, was housed within a staff development 

project that included both an individual and group 

component in an effort to understand teacher beliefs and 
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the development of those beliefs, within as well as between 

teachers through peer discussion. 

The philosophical underpinnings of Green (1971) and 

Fenstermacher (1986) helped to ground the actual processes 

of the staff development. Green's sense of belief clusters 

as made up of logically related beliefs within but not 

necessarily between each other, provided the rationale for 

the research as well as the discussions themselves. 

Fenstermacher's practical-argument approach was seen as a 

way of empowering teachers to understand their current 

beliefs in relation to each other, weigh them in light of 

alternatives, and take the initiative to make changes as 

deemed personally viable. The RIS study (Richardson et 

al., 1990) provided a model of a similarly founded and 

structured, but more extensive staff development research 

project in the area of reading. 

Within the present study, my roles varied from time to 

time, but progressed in somewhat of a sequence; from 

listener and observer to discussion facilitator, 

interviewer, devil's advocate, teacher resource and support 

person, as well as researcher throughout (Fenstermacher & 

Richardson, 1992; Richardson & Fenstermacher, 1988; 

Spradley,1980). The fact that I was sole investigator and 

staff development facilitator provided for an in depth 
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study, but precluded the research from the wider range of 

analysis involved in a team effort. 

The content of the sessions, both individual and group 

were initiated either by the teacher(s) or by myself with 

the approval of the teacher(s). Group discussions, labeled 

"Math Dialogues," broached such topics as the NCTM 

standards, constructivist methods of teaching, the place of 

the basic facts in the elementary school curriculum, gender 

and anxiety issues in mathematics, knowledge and child 

development in relation to mathematics content and grade 

level readiness, and the use of writing, manipulatives, and 

visuals in school mathematics. 28 Individual sessions 

included initial and final belief interviews with at least 

six practical-argument meetings in between. 

The practical-argument session topics drew from the 

observation lessons of the teachers either by way of a 

video tape of them teaching a ma~~ematics lesson or from 

card statements derived from observation notes. In these 

individual meetings, I attempted to discover and understand 

the teacher's beliefs, their relation to practice, and to 

more basic underlying beliefs. With the content of 

mathematics as the starting point of the discussions, 

further probing revealed personal and historical roots of 

~ For a more detailed list of topics brought up in the 
Math Dialogues, see Appendix C. 
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introduced and discussed from varying perspectives. 
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An example of such a discussion was a series of 

lessons on the subtraction of fractions by teacher Sue, 

where she had used manipulatives to introduce the idea of 

the concept of fraction but relied on the symbolic level 

alone to represent the regrouping in the subtraction 

operation. The data revealed Sue's linear notions of 

discrete levels of representation within the concept of 

fractions from an initial introduction of area-type 

manipulatives to a sophisticated symbolic mastery of 

operations with fractions. Discussing the derivation of 

these beliefs and their place historically in Sue's 

professional life, allowed me to view the classroom 

situation from Sue's perspectives well as the frustration 

she was feeling with the students lack of understanding. 

Presenting her with an alternative theory where 

manipulative and real-life representations of fractions are 

revisited continually, offered Sue another way to think 

about her instruction within a specific mathematical 

concept. My suggestion of the research article by Mack 

(1990) and her voluntary reading of the piece, made Sue's 

reflection on the topic more personal and extended. 

continuing the discussion as an opening to the next 

practical-argument session served to connect ideas, allow 
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for further feedback, personalize the meetings 

conversationally, and offer time to reflect more broadly so 

that a specific example, i.e. the subtraction of fractions, 

could be seen more generally. Sue's view of the place of 

manipulatives in the curriculum had developed further. 

This is not an either/or situation. Before the study 

began, Sue had a high regard for manipulatives in the 

mathematics curriculum. What changed was a deeper 

understanding of the value of manipulatives as 

representative tools of the operation of subtraction (with 

fractions) and the need for students to return to their use 

even after some level of symbolic ability had been 

achieved. She also reported extending these beliefs to 

other fraction operations, as well as to other school 

mathematics content areas, such as operations with decimal 

numbers. 

Analysis of the data resulted in a profile of each of 

the three teachers in relation to strands that emerged from 

the data (Hammersley & Atkinson, 1983). (See Figures 1,2, 

and 3.) The figures are diagrammatic representations of 

the teachers' initial views and beliefs, and changes that 

took place over the course of the staff development. The 

model is based on the literature suggesting that teacher 

beliefs drive their professional acts and their reactions 



"OoncrPIIlll 
I.:JmUndln, 

[

COM('\1I0nl 

hdwNtl 
DIIlh lopica ----

Eigyre 1. A Diagrammatic Analysis of Teacher Sue. 

KEY: fnlWt Oval. _ Curnmna C.llt,nrid A~,ou Tt.btn 
Ouler 0,,1. : Vi.,.... IlKI Od,d. 
R"Un~I.. = Clun,. Spnn, °m 

In<rta.,.;l 
~~ 

f\J 
o 
VI 



r.::?,,',m lO'vill, L,n,tDIIjII 

Figure 2. A Diagrammatic Analysis of Teacher Pam. 

KE·Y: Inntt 0-..,. - Common C.'<\:o'; .. Aero .. Tar:bo.. ... 
Ouler O\lh - Vicw\ and 8<llds 
ROCIIl1.:,lc.s - Cbanlt 51'IIni '92 

'" o 
(71 



VnboI compehlion 
on _"",;.,1&<1<0 

Ei~l!!'~. A Diagrammatic Analysis of Teacher Bob. 

kEY: Inntr Ouh = C"ommoo C".I(,ori~ "en ..... TC'ld""rI 
Cultt Ov.1s • Vh:"'" •. nJ Bdlds 
Rocl.""", = Oun~. Sprint '92 

Desi 1'1 10 como 
10 IeanI """" 
1_!WI,of 

mado 

I\) 

o ..., 



208 

to L~e school culture (Hamilton, 1989; Richardson, 1990, 

1991). For this reason the model begins at the center 

oval, labeled "Professional Beliefs,u and moves outward in 

all directions. The beliefs presented in the figures are 

clearly not all encompassing, but rather a schematic of 

professional beliefs that emerged from the study (Polanyi, 

1958). The primary band of ovals, those immediately 

connected to the center, and including "Role of the 

Teacher" and "Role of the Student," emerged as categories 

from the analysis of the data and were described in detail 

in Chapter 4. What these categories did was organize the 

data across the teachers. These categories, though common 

across these three teachers, were particular to the study 

and do not imply either generalizability or exclusivity. 

The topics discussed and their relation to the three 

teachers' beliefs were specific to the present research 

situation. 

The remainder of the model moving outward is specific 

to each teacher. The next set of ovals represents the 

teacher's views of his/her professional life drawn from the 

initial belief interview plus early observations and 

feedback interviews with the teachers in the Fall (referred 

to as "Views and Beliefs"). The paths that end in 

rectangles represent teacher change as indicated from the 

data analysis. Other paths, not culminating in a 
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rectangular symbol may also have been affected, but were 

not observed as change in the data collected. Also, other 

factors besides the ongoing mathematics staff development 

may have been influential in the resultant teacher change. 

Teacher Change 

Despite suggestions from studies such as Stodolsky, 

Salk, and Glaessner (1991) that teachers pay little heed to 

the recent calls for more problem solving, conjectures, 

inquiry, and discussion, the three teachers in this study 

did show signs of change in these directions after a year

long reflective mathematics staff development process. All 

three teachers showed movement toward incorporating more 

reasoning/problem solving tasks for their students. Pupil 

thinking was the purpose for which Bob's "Brain Teasers" 

were introduced into his mathematics lessons. Pam 

concentrated on designing problem solving task cards that 

groups of students could work on independent of the 

teacher's direction. Sue's sense of learning as a 

community process evolving over time and through discussion 

and debate honed the students' powers of critical analysis. 

As Sue began to look more closely at individual student's 

thought processes in solving problems, she became more 

aware of their particular mode of thinking, rather than 

merely relying on her own in an adapted version of what 



Dewey and Sarason (1983) referred to as the curriculum 

emerging from the interests of the child. Here Sue 

responds along the lines of Davis' (1992) challenge to 

teachers to "build on ways that students actually think" 

(p.724). 
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The common thread in the findings was the increased 

confidence with which the subjects appeared to view the 

teaching of mathematics. Confidence is necessary as 

described by the National Council of Teachers of 

Mathematics in the Professional Standards (1991) for the 

teacher in the move toward the goal of "mathematical power 

for all students" (p. 7). This confidence was noted not 

only in the Math Dialogue sessions, but also in teachers 

attempts to experiment in the classroom. 

Bob, Sue, and Pam, each on different occasions, 

expressed their desire to continue to learn more in the 

area of mathematics education and to keep current with 

trends in order to reach more students. This view of 

teachers as continual learners (NCTM, 1989, 1991; NRC, 

1989) will hopefully promote the sort of vision needed for 

reform in mathematics education. 

The teachers' views of the students' role as one of 

thinking, reasoning, discussing, and debating issues to the 

point of having a voice in the direction of the curriculum 

was a gradual and universal trend found in the data. This 



211 

was a subtle process over time and a direction of the 

teachers' own choosing, that would possibly have been 

rejected as an early outside proposal for consideration. 

The need for the student to struggle at times as an 

appropriate event in a mathematics classroom is referred to 

by Burton (1990) along with the current inservice focus on 

more "fun" activities. The belief that the teachers allow 

for such struggle or choose between this and other modes 

such as clarifying, modeling, or leading (NCTM, 1991) took 

the form of open-ended tasks for Pam, daily brain-teasers 

for Bob, and discussion of pupil's thinking for Sue. This 

focus on student thinking emerged as a major theme in 

regard to change in teacher beliefs. 

Conclusion 

The staff development process was gradual over the 

course of the school year and involved the teachers as 

major components in large group and individual agenda

setting decisions (see Richardson, 1992). This was in 

contrast to what Malaty (1988) reports as taking place 

during the New Math era where teachers were involved 

minimally or exclusively in the role of transmission 

agents. The goal of ownership by the teachers was promoted 

in ~~e current study. However, it had to be ccnsta~tly 
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re-established since teachers were accustomed to being in a 

passive role in traditional staff development programs. 

Griffin (1991) refers to this traditional type staff 

development as contrary to a belief in teachers as 

reflective and motivated professionals with the interests 

and needs of the students in mind. Several other 

researchers (Lieberman & Miller, 1984; Rosenholtz, 1989) 

have found that teachers who view themselves as 

collaborators with the staff developers are more likely to 

continue .initiated changes. The reflective dialogue staff 

development program in mathematics presented here focused 

on teacher beliefs in the sense of CUban's (1988) second 

order change and Green's (1971) theory of reorganization of 

belief clusters. It is difficult to assess whether 

teachers actually did change at this level and whether such 

altered beliefs will continue after the program. I wonder 

if the balance between input and empowerment was at an 

appropriate level, and whether I should have offered more 

of my expertise (or less). 

Megan, the principal at Waterford, stated that there 

is a need for collaboration with resource persons in 

particular content areas, but not to the exclusion of the 

teacher's own reflective initiative (Richardson & Anders, 

1990). Attaining ~~is delicate balance ~ill 

continue to be one goal in alternative staff development 
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programs. Further studies of similar programs as well as 

longitudinal research offer hope for the future of teacher 

education in general and mathematics education in 

particular. 



APPENDIX A 

TEACHER BELIEF INTERVIEW PROTOCOL 

GENERAL BACKGROUND 

1. Number of years teaching, grade levels, types of 
kids ••• 

2. Preservice Education. Where? Special Inservices on 
math .•. 

TEACHING AND TEACHING MATHEMATICS 

3. What subjects do you teach? Which do you like most? 
Least? Why? 
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4. If you could teach just one of these subjects, which 
would you pick? Why? 

5. How do you feel about teaching mathematics? geometry? 
fractions? other? 

6. How do you plan for math? At the beg. of the year? 
etc.? 

7. Think about teaching mathematics, how would you 
describe a typical day? (If a particular method or 
program is mentioned, have them give an example of 
what they mean.) 

8. Are there aspects of mathematics that are more 
valuable to you as a teacher than others? Which ones? 
Why? 

9. If you had a question about; 
in math, what would you do? 
something in math? 

a) what you're teaching 
b) about how to present 

10. In an ideal world, what would be the best way to teach 
math? What are the obstacles? 

11. Have you made changes in the way you teach math? 
Why? 



STUDENTS 

12. Think of an excellent math student that you have 
taught. Describe that student. 

13. What is achievement in math? 
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14. Think of a typical ??? grade math student. Describe 
that student. 

15. Think of a below average math student in your math 
class. Describe that student. 

16. Is there a student characteristic that accounts for 
groups of students not doing very well in math? 

17. What accounts for differences in how students do in 
math? 

18. When a student enters grade ???, what should that 
student be able to do in terms of mathematics? 
(Probe. Their conviction, not program or school 
expectations.) 

19. What is really important for students to learn about 
math? 

20. When that student leaves grade ???, what can she do? 

21. If a student gets a wrong answer, what does that mean? 
What do you do about it? 

OTHER TEACHERS 

22. How important are the other teachers in your school to 
you as a teacher? How would you describe your 
relationships with them? 

23. What kinds of conversations have you had with other 
teachers in regard to mathematics or teaching 
mathematics since the school year began? 

24. Describe a math teacher you've had or taught with that 
you admired. Why? ••• that you didn't admire. Why? 
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MATHEMATICS, ITSELF 

25. When you were in school, how did you feel about math? 
Probe. Particular incidents? 

26. Some people consider mathematics to be the most 
difficult subject area. Why is this? Would you agree 
with this? 

27. ~fua~ prevents students from math success? 

28. Are there things in your daily life that relate to 
mathematics? Example. 

29. What metaphor would you use to describe mathematics? 

ETC. 

30. Anything else you want to add? 
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APPENDIX B 

PRINCIPAL BELIEF INTERVIEW PROTOCOL 

1. Could you talk about you background in education and 
the experiences you had before you became a principal? 

2. Are you happy with that decision [to become a 
principal]? 

3. Do you have any special training in certain areas? 

4. What led you to the decision to become a principal? 

5. How long have you been a principal? 

6. How would you describe yourself as a principal? 

7. When you first came to this school what was your 
impression? 

8. What are some of the things you have been working on 
since you've come here? 

9. Right now, how would you describe the overall program 
at your school? 

10. So you would say those are the school goals? 

11. Since I'm only working with the fourth and fifth grade 
teachers, is there anything that we need to know about 
differences across grade levels? 

12. Now that we are talking about teachers, can you 
describe them as far as experience, style, or ideas 
about teaching? 

13. What do you look for in hiring a new teacher? Have 
you had to do that? 

14. What do you hope for in your relationships with 
teachers? 

15. How are decisions about ins~~ction made at ~~is 
school? 
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16. Well, how involved do you think you should be, or in 
the instructional level of the teachers? In the 
classroom instruction, I mean do you feel that you 
should be making decisions at that level? 

17. Do you see yourself as the instructional leader--the 
principal as the instructional leader? What does that 
mean to you? 

18. Are there any other staff development programs going 
on in this school or the district level? But are most 
of the teachers involved? 

19. Looking at the math area in particular, when you were 
a teacher, how did you teach math or did you teach 
math? 

20. Well, how would you now evaluate a math teacher or a 
teacher teaching a math class? 

21. What happens with a child who is above grade level in 
math? 

22. What happens with a child who is below grade level in 
math? 

23. Do you know of any [teachers] that ability group in 
math? What do you think of ability grouping in math? 

24. Who would you say has influence over the math in this 
school? The math that's taught? Is there anyone? 

25. What district resources or staff people are available 
for math in this school? 

26. If someone has a problem with math or if there is a 
problem with the math program at the school, who would 
you call? 

27. This staff development is about discussing mathematics 
educational research with teachers--do you have any 
ideas about how your teachers respond to research? 

28. Is there anything else you would like to add to this 
interview? 
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APPENDIX C 

MATH DIALOGUE TOPICS 

TOPICS TEACHERS DISCUSSED AT THE WATERFORD MATH DIALOGUES 

Move away from traditional teaching 
Rote learning's place in the mathematics curriculum 
Discovery as a way of learning 
Basic skills and algorithms 
Thinking skills 
.Teachers as curriculum interpreters 
Teaching method and change 
Making the mathematics meaningful to students 
Movement between symbols and manipulatives 
Conceptual understanding 
Pre-assessment of students 
Role of the teacher 
The pros and cons of manipulatives 
Variety in learners 
New Math 
"New" changes in mathematics education 
Apprenticeship of observation 
Difficulty envisioning change 
Comparisons between change in language arts and mathematics 
Empowerment of students in problem solving to revise 

thinking 
Portfolios as assessment tools 
Thinking as the basic element of mathematics 
Number sense 
Reasoning versus memory 
Calculators 
Use of, and thinking behind writing in mathematics 
Difficulty in eliminating other content areas from image as 

teacher 
The NCTM Standards 
Role of basic facts in the elementary school curriculum 
Myths in regard to mathematics (See Appendix E) 
Use of visuals in the mathematics curriculum 
Constructivist teaching in mathematics 
New forms of assessment 



APPENDIX 0 

HYPOTHESIS BELIEFS 

HYPOTHESIS BELIEF STATEMENTS PRESENTED TO BOB 

ALGORITHMS ARE IMPORTANT FOR STUDENTS TO LEARN. 

KNOWING A PROCEDURE FOR SOLVING PROBLEMS IS 
MORE IMPORTANT TF~ BEING ABLE TO PICTURE A 
REAL WORLD SITUATION IN ORDER TO GET THE CONCEPT. 

IT CAN BE ASSUMED THAT STUDENTS WHO KNOW THE 
PROCEDURE ALSO UNDERSTAND THE CONCEPT. 

MANIPULATIVES ARE ONLY NECESSARY WHEN KIDS ARE HAVING 
TROUBLE. 

STUDENTS WHO CAN DO THE PROCEDURE CORRECTLY 
UNDERSTAND THE CONCEPT. 

THE MAIN PURPOSE FOR TEACHING MATH IS TO HAVE 
STUDENTS LEARN MATH PROCEDURE AND ALGORITHMS. 

WHEN A STUDENT DOESN'T RESPOND TO A QUESTION, 
CLUES AS TO THE CORRECT RESPONSE OR ANSWERING 
IT FOR HIM OR HER--AID IN THE STUDENT'S 
UNDERSTANDING. 

STUDENTS WILL EVENTUALLY UNDERSTAND HOW TO DO 
A PROCEDURE IF IT IS REPEATED ENOUGH TIMES. 

WHEN DO YOU PICK UP IDEAS FOR TEACHING MATH 
AND HOW DO YOU USE THEM? 

MATH CAN BE DEFINED AS •••• 

FOURTH GRADE MATH CAN BE BORING. 

INTEGRATED MATH PROGRAM MEANS ••• 

MATH IS THE HANDMAIDEN OF THE SCIENCES. 

STUDENTS LEARN MATH BY IMITATION, SO DOING 
EXAMPLES ON THE BOARD IS THE BEST WAY TO 
FACILITATE L~~ING. 
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HYPOTHESIS STATEMENTS PRESENTED TO SUE 

ALGORITHMS ARE IMPORTANT FOR STUDENTS TO LEARN. 

KNOWING TEE PROCEDu~E FOR SOLVING PROBLEMS IS 
MORE IMPORTANT THAN BEING ABLE TO PICTURE 'I'HE 
CONCEPT BEHIND IT. 

IT CAN BE ASSUMED THAT STUDENTS WHO KNOW THE 
PROCEDURE ALSO UNDERSTAND THE CONCEPT. 

SOME STUDENTS, THE ONES THAT CAN'T DO THE 
PROCEDURE, DON'T THINK CONCEPTUALLY AND 
THEREFORE NEED TO WORK WITH MANIPULATIVES. 

MOST STUDENTS DO THINK CONCEPTUALLY AND 
THEREFORE DON'T NEED MANIPULATIVES AT THIS 
POINT. 

ONCE A STUDENT CAN DO A PROCEDURE CORRECTLY 
THEY HAVE NO NEED FOR CONCEPTUAL REMINDERS 
SUCH AS DRAWINGS OF WHOLES, ETC. 

STUDENTS UNDERSTAND THE CONCEPT BETTER IF 
THEY USE THE CORRECT TERMINOLOGY, SUCH AS 
"ONE SIXTH PLUS ONE SIXTH EQUALS SEVEN 
SIXTHS," RATHER THAN, "ONE PLUS SIX EQUALS 
SEVEN" FOR THE SAME EXAMPLE. 

WHEN A STUDENT DOESN'T RESPOND TO A QUESTION, 
CLUES AS TO THE CORRECT WORDS TO SAY SUPPLIED 
BY THE TEACHER AIDS THE STUDENT IN HIS OR HER 
UNDERSTANDING. 

STUDENTS WILL EVENTUALLY UNDERSTAND HOW TO DO 
A PROCEDURE IF IT IS REPEATED ENOUGH TIMES. 

IN ORDER TO UNDERSTAND THE CORRECT PROCEDURE 
OF SUBTRACTING FRACTIONS WITH (laughs) 
RENAMING, IT IS SUFFICIENT ON THE 
MANIPULATIVE LEVEL TO DEMONSTRATE SETS OF 
FRACTIONS THAT EQUAL TO ONE wnOLE. 

MATH CAN BE DEFINED AS A LOGICAL PROCESS. 

FIFTH GRADE MATH CAN BE BORING. 

INTEGRATIVE MATH PROGRAM MEANS. 

GEOMETRY IS THE MOTHER OF ALL MATHEMATICS. 
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I LIKE TEACHING FRACTIONS. 

I'M CONFIDENT IN TEACHING MATH. 

ASSESSMENT SHOULD BE A LEARNING EXPERIENCE. 

REPETITION IS IMPORTANT IN BUILDING MATH CONCEPTS. 

MY PEDAGOGICAL STYLE IS DIFFERENT IN MATH 
THAN IN THE OTHER SUBJECT AREAS. 

ALGEBRA IS VALUABLE IN TEACHING IN THE 
ELEMENTARY GRADES. 

THE MATH TEXTBOOK--GUIDES AND OUTLINES 
MATHEMATICS INSTRUCTION FOR ME. 

THE BEST MATH PROGRAM IS ALL APPLICATION. 

AN EXCELLENT MATH STUDENT IS A REAL THINKER, 
WITH CURIOSITY AND DRIVE. 

HYPOTHESIS BELIEF STATEMENTS PRESENTED TO PAM 

ALGORITHMS ARE IMPORTANT FOR STUDENTS TO LEARN. 

STUDENTS SHOULD BE SURE OF WHAT THEY ARE TO DO 
BEFORE BEING LEFT BY THE TEACHER TO THEIR OWN 
RESOURCES. 

SOME STUDENTS LEARN THE LONG DIVISION PROCESS 
BETTER WITH BASE 10 BLOCKS, SOME BY MEMORIZING 
THE STEPS, BUT BOTH ARE LEARNING THE SAME 
THING. 

IT CAN BE ASSUMED THAT STUDENTS WHO KNOW THE 
PROCEDURE ALSO UNDERSTAND THE CONCEPT. 

MOST PROBLEMS HAVE ONLY ONE REAL SOLUTION AND 
THAT'S GIVl"....N ON THE KEY, IF STUDENTS COME UP 
WITH OTHERS, THEY'RE PROBABLY WRONG. 

KIDS WHO CAN DO THE DIVISION PROBLEMS MENTALLY 
SHOULD STILL HAVE TO WORK THEM OUT USING THE 
LONG DIVISION PROCESS. 

MATHEMATICS IS A SERIES OF PROCEDURES TO BE 
LEARNED. 

222 



ONCE A STUDENT CAN DO A PROCEDURE CORRECTLY 
THEY HAVE NO NEED FOR REMINDERS SUCH AS 
BLOCKS, DRAWINGS, ETC. 

STUDENTS WILL EVENTUALLY UNDERSTAND LONG 
DIVISION IF THEY REPEAT THE PROCEDURE ENOUGH 
TIMES. 
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APPENDIX E 

MATH DIALOGUE, DECEMBER, 1991 

Topics for Discussion 

1. Some people have a math mind and some don't. 

2. Math requires logic, not intuition. 

3. Math requires a good memory. 

4. There is a best way to do every math problem. 

5. Math is done by working intensely until the problem is 
solved. 

6. Men are better at math than women. 

7. It's always important to get the answer exactly right. 

8. Mathematicians do problems quickly, in their heads. 

9. There is a magic key to doing math. 

10. Math is not creative. 29 

11. Children come to school knowing lots of math. 

12. Teaching math involves breaking concepts down into 
small parts. 

13. There is one best sequence to math, and concepts 
should be taught in that order. 

14. A student that gets a correct answer, understands the 
concept. 

15. A math lesson may be understood differently by 
different students in your class. 

16. Math knowledge is a product that is transferred from 
the teacher's head to that of the student. 

29 Statements 1-10 were taken from: Frank, M. (1990). 
Mathematics myths. Arithmetic Teacher, 38, 10-12. 
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17. A student who can explain in words a math procedure, 
understands it better than one who cannot. 

18. A student who knows more facts is a better ~ath 
student than another who is better at mentally 
organizing a fewer set of facts. 

19. Asking direct questions that lead students toward what 
we have in mind--is real discovery learning (inquiryj. 

20. People who were not great math students will never be 
great math teachers. 



APPENDIX F 

LIST OF CODES BY DOMAIN 

MEANINGS 
MM ••• M..~TH !-'..E.r._l.lING, M.~TH METl'.PHOR, HIGHER M..~TH 
TR .•• TEACHER'S ROLE 
SR ••• STUDENT'S ROLE 

WAYS CHILDREN LEARN MATHEMATICS 
AL ••• ALGORITHM, PROCEDURE, COMPUTATION 
CP ••. CONCEPTS, CONCEPTUALIZING 
UT ••• UNDERSTAND, THINK 
IN .•• STUDENT INTUITION 
BF ••• BASIC FACTS 
MZ ••• MEMORI ZE, REMEMBER, MEMORY 
RT ••• ROUTINES, AUTOMATIC, MENTAL DISCIPLINE 
F5 .•• FAST FIVES 
RP ••• REPEAT PRACTICE, COMPUTATION 
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EX .•• EXPLAIN, DEMONSTRATE, PRESENT, DIRECT INSTRUCTION 
CL ••• CLONING, TEACHER AS AUTHORITY 
DS ••. DISCUSSION, DIALOGUE, ARGUE 
CE ••• EXPLORATION 
PS ••• PROBLEM SOLVING 
GR ••• GROUPING, SEATING, CENTERS 
IA ••• INDIVIDUALIZED ATTENTION, GUIDED PRACTICE 
TB ••• TEXTBOOK 
MP ••• MANIPULATIVES, COMPUTERS, CALCULATORS 
WH ••• WRITING IN MATH 
VB ••• STUDENT VERBALIZATION 
VZ ••• STUDENT VISUALIZATION 
RW ••• REAL WORLD APPLICATIONS 
IT ••• INTEGRATION OF CONTENT 

TYPES OF MATHEMATICS STUDENTS 
SB ••• STUDENT, ERIGHT 
SL ••• STUDENT, LOW 

STUDENT REACTIONS 
AA ••• ANXIETY , AFFECT, SELF CONCEPT, FUN 
MO ••• MOTIVATION, BORING, ATTENTIVENESS, ATTITUDE 
SN ••• STUDENT NEEDS 
SQ ••• STUDENT QUESTIONS 



MATHEMATICS TEACHING CHARACTERISTICS 
TE ••• TEACHER EMPOWERMENT, EGO BUILDING 
TK ••• TEACHER KNOWLEDGE 
TS ••• TEACHER PERSISTENCE 

227 

CE •.• CHALLENGE, STUDENT EMPOWERMENT, HIGH EXPECTATIONS 
CT ••• CONTROL, RESPONSIBLE FOR 
LE ..• LOW EXPECTATIONS 

TEACHER REACTIONS 
AA .•• AFFECT 
HL •.• CALL FOR HELP 
CH .•• CHANGE 
SD .•• STAFF DEVELOPMENT 

THINGS THAT AFFECT TEACHING MATHEMATICS 

BK ••• BACKGROUND EDUCATION & EXPERIENCE 
WS ••• WORKSHOPS, PRESERVICE, SOURCE OF IDEAS 
LP ••• LESSON PLANS, PLANNING, IDEAS 
TS •.• TIME, SCHEDULES 
DL .•• DILEMMAS, CONCERNS, OBSTACLES 

PEOPLE THAT AFFECT TEACHING MATHEMATICS 
PN .•• PRINCIPAL 
OT ••• OTHER TEACHERS 
PT ••• PARENTS 

RESULTS OF TEACHING MATHEMATICS 
PL ••• PROGRESS, LEARNING 
GL ••• GOALS, LINEAR PROGRESSION, WHAT 'WORKS' 
GA ••• GETTING ANSWERS, ESTIMATING 
AT ••• ASSESSMENT, TESTS 
ST •.• STANDARDIZED TESTS 
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APPENDIX G 

TEACHER READINGS 

Azzolino , A. (1991). Writing as a tool for teaching 
mathematics: The silent revolution. Teaching and 
Learning Mathematics in the 1990s: NCTM 1990 Yearbook. 
Reston VA: NCTci. 

Baroody, A. J. (1989). Manipulatives don't come with 
guarantees. Arithmetic Teacher, 37, 4-5. 

Kysh, J. (1991). Using writing in teaching mathematics. 
CMC ComMuniCator, 13(2), 33. 

Lampert, M. (1986). 
multiplication. 
342. 

Knowing, doing, and teaching 
Cognition and Instruction, ~(4), 305-

Lampert, M. (1985). Mathematics learning in context: The 
voyage of the Mimi. The Journal of Mathematical 
Behavior, ~, 157-167. 

Mack, N. K. (1990). Learning fractions with understanding: 
Building on informal knowledge. Journal for Research 
in Mathematics Education, 21, 16-32. 

Moses, B. (1991). Beyond problem solving: Problem posing. 
Teaching and Learning Mathematics in the 1990s: NCTM 
1990 Yearbook, Reston, VA: NCTM. 

Thompson, C. (1980). Transition boards: Moving from 
materials to symbols in addition. Arithmetic Teacher, 
28, 4-8. 

Yackel, E. (1990). Experience, problem solving, and 
discourse as central aspects of constructivism. 
Arithmetic Teacher, 38, 34-35. 

National Council of Teachers of Mathematics (1989). NCTM 
CUrriculum and Evaluation Standards for School 
Mathematics. Reston, VA: NCTM. 

National Research Council. (1989). Everybody Counts: A 
Report to the Nation on the Future of Mathematics 
Education (pp. 57-70). Washington, DC: National 
Academy Press. 
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