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ABSTRACT 

The aim of this study was to describe the interactions 

among mathematics educators, particularly high school 

mathematics teachers and university mathematics educators, 

with a view to determining the professional development 

that occurs in a university setting. Two university 

mathematics departments were selected for this study on the 

basis of their proactive stance in mathematics education. 

Data were collected through interviews, observations, 

and written materials pertaining to the mathematics 

education programs offered. six university mathematics 

faculty members and six high school teachers were studied 

in depth to gain insight into the history, the current 

endeavors, the goals, the beliefs, and the outcomes of the 

various programs offered at the two sites. The data were 

analyzed using Glaser's (1967) constant comparison method 

to allow explicit coding procedures to accompany the 

generation of theory in a systematic manner. 

Having students as the focus of interactions is a 

characteristic at both sites as is an emphasis on problem 

solving. Both university educators and high school 

teachers believe in the work they are doing and think of 

themselves as being on the cutting edge of developments in 

mathematics education. The contexts in which the 
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interactions operate display conditions of support, trust, 

respect, openness, commitment, and vision. The educators 

are involved in processes of mutual sharing in environments 

conducive to thinking about change. 

It can be concluded that interactions among 

mathematics educators in a university setting can be 

beneficial. The development of relations and interactive 

processes take time to establish and require the dedication 

of individuals who truly believe that mathematics education 

can be improved. Future studies could focus on the 

development of a framework for mathematics teachers' 

beliefs and on the ramifications of linkage structures that 

exist in collaborative ventures between schools and 

universities. 



CHAPTER 1 

INTRODUCTION 

12 

The aim of this study was to describe interactions 

among practicing mathematics educators with a view to 

determining how such interactions encompass professional 

development for teachers. Throughout the study the word 

interaction was used in relation to actions that were 

reciprocal in nature. "Despite the antiquity of the 

anxiety about disappointing standards, mathematics 

educators remain convinced that schools can significantly 

improve on current performance" (Desforges & Cockburn, 

1987, p. 3). Calls for reform in school mathematics are 

common (e.g., Balfanz, 1990; Malaty, 1988; Searle, 1984) 

and interactions among mathematics educators may be a step 

leading to reform. 

As a result of the current shift from an 

industrialized to an information society, teachers have to 

reflect upon their practice and consider the changes that 

surround them. The National council of Teachers of 

Mathematics ([NCTM], 1989) suggests that the collaboration 

of all mathematics educators is the key to success in 

meeting the changing challenges of school mathematics. 

Goodlad (1988) goes one step further in saying that, even 

though schools and universities are markedly different 
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cultural identities, they do have common interests and to 

be most effective, need each other. By focussing on 

particular interactions currently in place, this study adds 

to the knowledge base on teacher development in mathematics 

education. 

The study should be of benefit to teachers of 

mathematics in both university and high school settings 

since it furnishes profiles of collaborative efforts 

between these two particular bodies. Through investigation 

and discussion of patterns of interactions, it presents 

specifics of teacher development in mathematics education. 

Background 

My interest in this field came about through my 

involvement with university-run in-service mathematics 

programs for teachers of mathematics. These programs are, 

by and large, instigated as a result of policy decisions, 

be they certification changes, internal or external 

organizational changes in the schools or universities, or 

other mandatory requirements. Often neither the university 

faculty nor the school teachers are consulted about such 

changes. Further, these two particular bodies seldom 

discuss together what the most appropriate teacher 

development might be under changing circumstances. 

As a result of new policy decisions and the changing 

governance of schools, mathematics departments in 
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universities are questioning their role in the field of in

service mathematics education for teachers. In many 

instances the universities are not sure what the teachers 

want, and the teachers are not sure what the universities 

are able to offer. Neither body has a sense of how they 

could both benefit from closer li~ts. 

This study of the patterns of interactions among 

university-based and school-based mathematics educators, 

including impacts of the interactions, is seen to fill a 

need in the research literature. By exploring the various 

interactions among mathematics teachers in high schools and 

university mathematics faculty, the study investigated the 

professional growth that mathematics educators experienced 

as a result of close interactions. 

Purpose of the study 

The purpose of the study was to determine, in a 

context that focusses on best practice and which includes 

university mathematics faculty, the conditions under which 

teacher development for high school mathematics teachers 

occurs. 

statement of the Problem 

In problem form this study is driven by the following 

general concerns: 

1. The nature of the teaching of mathematics; 



2. The divergence of views about mathematics, and 

methods of teaching the subject; 
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3. The influence on teacher development of relations 

between educators in universities and schools. 

The Research Questions Underlying the study 

All questions relate to interactions among high school 

mathematics teachers and university mathematics faculty. 

1. What do participants believe to be the purpose of 

such interactions? 

2. What attracted people to start interacting and/or 

how did the initial dialogue begin? 

3. What context conditions are manifest in the 

interactions and what impact do these have on the 

interactions? 

4. What do participants perceive to be the outcomes, 

effects, and consequences of interactions? 

Paradigmatic Considerations 

This study is qualitative in nature and focusses on 

two sites, one in Canada and one in the united states 

(u.s.). I have personally been involved in the educational 

systems in each of these countries both as a teacher and as 

a student. There are similarities and differences worthy 

of note. 

Site-based-management of schools is a common and 

growing issue in each of the two countries; moves by 



schools towards this type of governance bring fresh 

problems in terms of in-service education for teachers. 
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The impact of technology and the shift towards a 

technological society are having an impact on mathematics 

teaching. Mathematics teachers are looking for help and 

guidance in assuming new roles and new ways to approach the 

teaching of their subject. 

My particular interest in this study was stimulated by 

a recent dialogue I had with a professor at The University 

of Auckland in New Zealand. The department of mathematics 

and statistics at Auckland University gained approval in 

June 1991 for the creation of a position in mathematics 

education. Upon hearing about this position I asked 

myself, "What does the department of mathematics and 

statistics envisage the appointee doing?" From this 

rhetorical question, I began to think of just how a new 

appointee might in fact build a division of mathematics 

education within a department of mathematics and statistics 

in a university setting. It was then that I began to think 

of what the teachers might envisage as useful functions of 

such a division. At the same time I realized that the 

department of mathematics and statistics itself would 

likely have some ideas of what function a fledgling 

division within its jurisdiction could perform. These 

thoughts and others that followed, led me to think that a 
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study of the interactions and communication patterns 

between university and high school mathematics educators 

would enlighten both parties. This study draws attention, 

through the two cases presented, to interactions that are 

occurring between the two groups of educators and 

consequently should spawn interest in the development of 

closer links for mutual benefit and for the benefit of the 

youth attending secondary and post-secondary educational 

institutions. 

Paradigmatic Assumptions 

Referring to the work of Borg and Gall (1989), 

Erickson (1986), Lincoln and Guba (1985), and smith (1987), 

there are five statements that draw attention to the 

particular assumptions operating in qualitative work. 

1. It is assumed that each particular setting is 

unique unto itself, with context components contributing in 

ways specific to a particular setting. 

2. It is assumed that generalization will not be 

possible, although "trends" that carry with them the 

suggestion of possibility may be highlighted. 

3. It is assumed that all context components 

interact, that one-to-one action-reaction situations do not 

exist, and that no one component can be isolated as causing 

or affecting a particular outcome. 



4. It is assumed that the researcher will not be 

isolated from the context and will develop a professional 

relationship with the sUbjects. 
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5. It is assumed that the research will be value 

bound through both the value system of the context studied 

and the researcher's values. 

This study will explicate the relationships and values 

referred to in assumptions 4 and 5. 

Why a Qualitative study? 

Because the study involves trying to find out what 

people think as well as what they do, a qualitative 

approach was seen as most appropriate. The intent was to 

find out how "culture" operates because "education is not a 

practice which concerns the individual alone, it is 

essentially a function of the community" (Keppel, 1990, p. 

289). Although the questions relate to communication and 

beliefs, my interest lies in the characteristics that make 

up the interrelationships between teachers and professors. 

Through interviews and observations, I have been able to 

glean information that would otherwise have been overlooked 

or omitted. There are no generalities; rather there are 

specifics related to finite settings where interactions 

exist .. 
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Narrowing the study and Adding Depth 

I chose to look at the interaction involving high 

school teachers as opposed to other school teachers for two 

main reasons. First, for a variety of reasons teachers in 

general find interaction, dialogue, and communication with 

university mathematics faculty to be intimidating and 

anxiety ridden. This intimidation is somewhat less for 

high school mathematics teachers because they usually have 

more mathematics preparation compared to other teachers and 

can therefore relate more easily to the mathematical 

content with which university professors work. Second, the 

two groups of student populations with whom these 

mathematics educators interact are adjacent on the 

education continuum. By focussing on these two particular 

groups of educators--university professors and high school 

teachers--the study serves as a window through which to see 

how greater interaction between educators at a variety of 

positions on the educational continuum might be encouraged. 

Influential in my choice of the two sites selected for 

study were my interests in the countries in which they are 

located and also my expectations that schools and teachers 

in both countries were experiencing similar problems and 

questions regarding in-service education. Among factors 

that have an impact on the teaching of mathematics there 

are both similarities and differences in the two sites. 
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For example, in both countries high school education begins 

in the ninth year, but at the Canadian site, five years of 

study are required for completion of high school. The 

curriculum of the schools within the two jurisdictions 

varies considerably and the method of selection of students 

for university entrance follows different models. Also, 

the evaluation process for high school students is quite 

different: in Canada there is no standardization whereas in 

the United states, use of standardized tests is widespread. 

Although this study does not focus on the similarities 

and differences in the educational systems of each of the 

two jurisdictions involved, it does highlight some aspects 

that may guide universities and the teaching profession in 

their development of teacher education programs. 



CHAPTER 2 

REVIEW OF LITERATURE 

This study is about teachers, in particular 

mathematics teachers, and the active influences that are 

present as they participate in in-service education in 

their own subject discipline. Three major factors playa 

part in determining the paths of in-service education. 
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The first involves curriculum and instruction. At the 

center of discussions about schooling must be constant 

consideration of changes to curriculum to reflect a 

continually changing society. Tied closely to curriculum 

is evaluation. Whereas the mathematics curricula of 

different jurisdictions share many similarities, the 

evaluation processes are often diverse. The relationship 

of curriculum and instruction to in-service education is 

pertinent to this study and forms the first section of the 

review of literature. 

The knowledge and beliefs that mathematics educators 

have about their subject and about the teaching and 

learning of it is the second aspect considered in this 

review of literature. Philosophical positions and 

epistemological theories relating to mathematics have 

always had an influence on the guiding ideas and leading 

principles in mathematics education (steiner, 1987) 
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although Lakatos (1976) was one of the first to write 

specifically about beliefs related to the teaching of 

mathematics. Case studies were subsequently done by Davis 

(1983) and Thompson (1984). This review, by looking at 

teacher knowledge and beliefs, shows the relations between 

beliefs and in-service education. In addition, it 

illuminates the changing expectations that teachers have of 

themselves and of their students as learners as they follow 

an in-service educational path. What they see as valuable 

in terms of a mathematics education for students and what 

they promote during their classroom practice will form part 

of this theme. 

Staff development has had a long and varied history in 

the continuing education of members of the teaching 

profession. As this study is, at its core, about staff 

development, it is appropriate that this review of 

literature highlights models of staff development along 

with the features and characteristics that the education 

community considers to be essential for meaningful and 

worthwhile in-service teacher education. 

The review of literature will therefore focus on 

curriculum and instruction, knowledge and beliefs, and 

staff development, for I believe that these three areas 

constitute the major influences upon mathematics educators 

as they participate in activities of an in-service nature. 



curriculum and Instruction 

mathema--~ae~~a--instruction 
"Mathematics is like a sandcastle. It is beautiful, 
but it is made of sand" (Interview with a school 
teacher, cited in Davis & Hersh, 1980, p. 273). 

In this section the literature review will focus on 

the mathematics actually taught in secondary schools, the 

reasons particular topics are chosen for inclusion in a 

curriculum, and the methods of instruction. The 
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mathematics curriculum, like that of any other discipline, 

is not a stable entity but one susceptible to change. 

Consideration of the current situation, directions of 

reform, curriculum thrusts, and contexts for instruction 

will reveal past and future influences on the change 

process. 

Mathematics in the Secondary School Spectrum 

At the outset the basic questions that need to be 

addressed are what is mathematics?, why teach mathematics?, 

what is a mathematics curriculum?, and what is the context 

of instruction? 

What is mathematics? Is mathematics the science of 

symbols, the study of numbers, or the manipulation of 

formulas? It is interesting to look at the various ways in 

which the subject has been described. The International 

Webster (English Language Institute of America, 1975) 

defines mathematics as "the science dealing with quantity, 



form, measurement, and arrangement and in particular with 

the methods for discovering by concepts and symbols, the 

properties and interrelationships of quantities and 

magnitudes" (p. 587). The Concise Oxford Dictionary 

(Sykes, 1976) differentiates between pure and applied 

mathematics where pure mathematics is defined as the 
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"abstract science of space, number, and quantity" (p. 673) 

and applied mathematics as that which is "applied to 

physics, astronomy, etc.; use of mathematics in 

calculations" (p. 673). Davis and Hersh (1980) describe 

mathematics as "a study of mental objects with reproducible 

properties" (p. 399). They add that the study may go 

beyond the real, for example to the study of the fourth 

dimen~;ion which follows from a study of the first, second, 

and third dimensions even though there is no readily 

apparent real-life meaning to the fourth dimension. Thus 

they say it is possible, through the study of mathematics, 

to develop "true" facts about imaginary objects. 

One may conclude, therefore, that mathematics is a 

science, that it deals with symbols, and that the symbols 

can be manipulated to show the interrelationships between 

elements of any particular set under consideration, be that 

set real or imaginary. 

Why teach mathematics? It has been suggested that 

"quality mathematics education for all students is 
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essential for a healthy economy" (National Research 

Council, [NRC], 1989, p. 1). Cockcroft (1982) wrote of 

mathematics as a means of communication. Whether one 

considers mathematics to be the queen of the sciences (a 

pure mathematician's perspective) or the handmaiden of the 

scien~es (the applied mathematician's perspective), there 

is an overarching concept of mathematics as the language of 

science (Keynes, 1989). with language as a medium, meaning 

and knowledge develop either through active dialogue or 

passive transmission (Kanner & Wertsch, 1991). Because of 

its communicative properties and use as a vehicle to 

formulate relationships between elements of any particular 

set under consideration, be it a set within a topic in pure 

mathematics or one in another scientific discipline, 

mathematics is considered an essential element of a 

student's capabilities. 

Another reason teachers often give for teaching 

mathematics is that mathematics is good for the development 

of the mind. Caraballido Quesada and de la Villa Cuenca 

(1989) refer to these adherents as the "mental gymnastics" 

group and point out that such believers place major 

importance upon basic principles such as logic and 

algebraic structures to "develop the mind." Further, they 

say there are teachers in this group who require complete 

rigor in the writing of theorems and who do not leave any 



room for innovation or imagination on the part of the 

student. 
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A third reason given for teaching mathematics is based 

upon a body of evidence that suggests children are 

mathematically inventive (for example Bereiter & 

Scardamalia cited in Desforges & Cockburn, 1987; Resnick & 

Ford, 1981; Romberg & Carpenter, 1986) and that mathematics 

has a place in the curriculum of a school to develop this 

natural curiosity. Bereiter and Scardamalia argue that 

natural curiosity declines from infancy on because of 

increased vulnerability, and that after age seven learning 

takes place as a deliberate act rather than as a result of 

natural curiosity. 

From an instructional perspective there are two 

distinct purposes for teaching mathematics (Blum & Niss, 

1991). First, in a pure mathematics sense, there is the 

element of knowledge-building in the subject itself. 

Second, there is the concept of application, where 

knowledge is developed and applied in relation to some 

other field. There have been many instances where a branch 

of mai:hematics, developed from a purely abstract base 

unconnected to real life, has later found application in 

other branches of human knowledge (Caraballido Quesada & de 

la Villa Cuenca, 1989). The study of fractals and chaos 

are examples. 
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since mathematics is not natural or inevitable but a 

socially constructed enterprise (Popkewitz, 1988), it is 

society that calls for its place within the structure of 

human interaction. society thinks of mathematics as 

applications, and in applying mathematics the student may 

make errors. Thus society again becomes involved in 

questioning what the school is teaching. Davis and Hersh 

(1980) remind us that, even though mathematical conclusions 

may be compelling, they are fallible and correctable, a 

point worth remembering when one considers the increasing 

involvement of mathematicians in industry and military 

developments (Keynes, 1989). In today's world of 

accountability, mathematics is often thrust out into public 

scrutiny and is becoming involved in the wider societal and 

ethical issues of the day. 

Blum and Niss (1991) conducted a survey to determine 

beliefs held about mathematics. They found that society 

still believes in the notion of the importance of 

mathematics. In addition, they found that students believe 

mathematics to be the most important of all subjects even 

though they perceive it as the most difficult. 

What is a mathematics curriculum? Historically, at 

the secondary level, mathematics education has had two 

distinct strands: one for college-bound students and 

another for vocational use (Popkewitz, 1989). Curriculum 
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today still reflects these two strands (Murmane & Raizen 

cited in Popkewitz, 1989) even though the language used in 

describing courses makes it appear that curriculum choices 

are universal for all students. 

The college strand in a secondary school is built 

around what will be taught at the college level. As a 

consequence, topics that are prerequisites for admission, 

are found in the curriculum. Unfortunately, as Tucker 

(1991) laments, the standards for such courses are often 

almost non-existent; he calls upon schools and universities 

to collaborate to improve the quality to the extent that a 

reasonable standard be set for college admission. 

The curriculum found in the vocational strand is based 

on beliefs about what is necessary in the workplace. In a 

survey of adults, Cockcroft (1982) found no one area of 

mathematics widely used. These same adults considered the 

abili1:y to carry out numerations such as telling time, 

paying for purchases, weighing and measuring, understanding 

tables, and estimating, to be important in their daily 

lives. 

In contemplation of a mathematics curriculum, Meuser's 

(1991) question "Whom are we trying to educate and to what 

extent?" (p. 354) seems appropriate. He was drawn to the 

question by looking at British and American schools and 
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noting the differences in curricula, but the question seems 

appropriate at any level of curriculum development. 

Interesting data are to be found in the results of 

surveys conducted by the International Association for the 

Evaluation of Educational Achievement in 1964 and in the 

early 1980s. After an analysis of the two sets of data, 

Robitaille (1990) asserts the following: 

1. Mean performance in arithmetic at the grade 8 

level declined in all ten countries surveyed (U.S. 

included, Canada not included). Division was the most 

dramatic in decline. 

2. Mean performance in algebra at the grade 8 level 

improved in eight of ten countries (U.S. improved). 

3. Mean performance in algebra at the senior level of 

high school generally improved. The largest increase 

occurred in the area of set theory. 

4. In geometry there was no common curriculum across 

the eight countries surveyed although it was noted that a 

decline in the scores in trigonometry accompanied a 

decrease in the amount of trigonometry contained in the 

curriculum. 

5. Calculus remained the focus of the senior 

mathematics curriculum; there was no change in performance 

across the two survey dates. 
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Robitaille (1990) acknowledges that the content of 

courses at the times of the two surveys was different, and 

that in some countries there were major changes in the way 

schools were organized. From a curriculum change 

perspective, three observations can be made: with calculus 

as the focus in the final year, algebraic skills have been 

maintained and improved; geometry is in a state of flux; 

arithmetic computation is considered less important. One 

could also observe that there is still a drive towards 

producing mathematicians out of those students who proceed 

with mathematics beyond the basics. 

In summary it may be said that we need mathematics to 

communicate in the scientific disciplines, that society 

demands certain basic understandings in mathematics for 

day-to-day functioning, and that there are elements of pure 

mathematics worthy of study in their own right. 

What is the context of mathematics instruction? Saxe 

(1988) points out that the contexts for learning 

mathematics do not occur only in school situations. For 

pre-schoolers, many activities provide a mathematics 

learning environment, for example, riding in an elevator 

presents the sequence of numbers as part of the activity. 

For adults, activities like weaving and hanging wallpaper 

provide contexts for pattern recognition. There is a 

social aspect to the learning of mathematics (Popkewitz, 



31 

1988). Sarason (1983) actually questions the axiom that 

education takes place best in classrooms in school 

buildings. He does, however, concede that schooling is, 

like oxygen, a necessity and that it is likely to be 

pursued in classrooms. Thus he pleads for classrooms that 

are open and creative (Sarason, 1982). 

Mathematics educators are being encouraged to involve 

students in the learning process in ways that are 

meaningful to the students (College Entrance Examination 

Board [CEEB], 1985; NCTM, 1989; National Research Council 

(NRC), 1989; Ruthven, 1989). It is not enough just to 

question and expect students to follow in a socratic way. 

contexts that relate to the students' cultural background, 

interests, and prior knowledge must be explored (Yinger, 

Hendricks-Lee, & Johnston, 1991). 

"'Knowing mathematics' is 'doing mathematics'" (NCTM, 

1989, p. 7) appears to be a catchphrase that captures the 

spirit of mathematics education for the nineties. The 

cultural aspect of student background is thought to be a 

possible avenue through which to interest students in 

mathematics (Dawe, 1989; Zaslausky, 1991). Balfanz (1990) 

argues that students bring much knowledge to school with 

them and that, through skilled pedagogic transformation, 

this knowledge can be utilized to great benefit in the 

classroom. He refers to this knowledge as "environmentally 



acquired knowledge," which he believes is largely non

algorithmic. Yinger et al. (1991) call this knowledge 

"working knowledge" and, like Balfanz, they envisage 

building upon this knowledge through exploration that 

allows students to construct knowledge and develop their 

own methods and procedures based upon their existing 

foundation. 

Reforms in Mathematics Education 

The perspective of the past. It is interesting to 

reflect on what Dewey attempted from a curriculum change 

perspective. Although dedicated to an experimental 

paradigm (Sarason, Davidson & Blatt, 1986), he did not 

reject traditional curricula because they were rigid or 

stereotyped but because they did not lend themselves to 

experimentation. He was far less critical of the courses 

themselves than of the methods by which they were taught. 
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The wave of "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). Specially 

designed programs (the School Mathematics Study Group for 

example) catered to capable mathematics students while that 

part of the mathematics curriculum oriented more to life

skills was neglected, ignored, and sometimes forgotten. 
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Lakatos (1976) observed that history has shown that when 

new methods emerge, problems that the new methods deal with 

most ably actually flourish, while the rest tend to be 

ignored and forgotten. 

There were problems with the "new math" curriculum 

from the outset (Fey, 1978). No sooner was it introduced 

than there were cries of "back to basics II as a reaction. 

Teachers had not been involved in its development and the 

NRC (1989) concludes that the lesson to be learned from the 

sixties and the seventies is that, when ownership is not 

given to the teachers, they will not take ownership of the 

product. 

A dominant feature of curriculum reform has been the 

notion of equal education for all coupled with a sense of 

excellence. From time to time one dominates over the 

other. Cuban (1990) notes a state of flux between a 

traditionalist curriculum and one of innovation. He 

suggests that calls such as "relate to the real world," 

"back to basics," and "innovation" are indicators of flux. 

In the early sixties, for example, broad changes were aimed 

at freeing individuals from bureaucratic constraints 

(Cuban, 1990) so that education would become more equal for 

all; hy the early eighties, however, a renewed call for the 

reinstatement of a traditional curriculum reflected a swing 

towards the excellence end of the spectrum. The NRC (1989) 



notes a similar flux which it terms a transition in focus 

from little for all and lots for the academics to a broad 

range for many. Realizing the dangers of such flux, the 

NRC is promoting national consensus on goals for school 

mathematics and suggests that several new national 

objectives must be addressed. "Part of the problem in 

undertaking change and educational reform is determining 

what are the problems" (Jackson & Achilles, 1990, p. 26). 
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Current directions of reform. with changes in 

societal values and the increasing use of technology, it 

could 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 mathematics taught is static, bounded, 

and divorced from other disciplines and from reality 

(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 although, as Connelly and Clandinin (1985) point 

out, there are elements of knowing that are like tools, to 

be used automatically to achieve certain ends without the 

user being conscious of the thought processes being 

enacted. 
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Stodolsky, Salk, and Glaessner (1991) report that 

despite recent calls for problem solving, applications, 

conjectures, inquiry, and discussion, most classroom 

mathematics is still computational in nature, with students 

completing endless teacher-directed exercises on an 

individual basis. A typical top-down model of good 

mathematics teaching involves a teacher explanation that 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 this "mathematical atrophy," which he says is 

a problem of pedagogy. Blum and Niss (1991) report a 

somewhat brighter picture of the incorporation of some 

changes to the curriculum to include topics such as chaos 

theory, finite mathematics and optimization, and revisions 

in the teaching of some of the old topics like geometry. 

The media, critical events, and public opinion can have a 

profound effect upon the curriculum (Malaty, 1988). Even 

so, mathematics instruction in the late twentieth century 

is rather reminiscent of that more than a century ago. 

If mathematics education is to keep abreast of 

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 
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which people interpret life (Geertz, 1973); it helps them 

attach meaning to particular situations and events. The 

dialectic approach must be explored with students rather 

than an explanation of an algorithmic procedure followed by 

exercises assigned in the belief that "understanding will 

surely come if the student will only go over the material 

back in his own room" (Davis & Hersh, 1980, p. 275). 

In 1989 the NCTM (1989) produced the document 

Curriculum and Evaluation Standards for School Mathematics 

which details sweeping reforms to curriculum and evaluation 

in school mathematics. While it could be said that the new 

topics contained therein were predictable (for example, 

additional probability, statistics, and combinatorics), the 

approach to teaching the subject promoted in the document 

is radical. Recognizing that we have shifted from an 

industrial society to an information society, the NCTM 

suggests that mathematics content and methods of 

instruction must reflect this shift. "The broadened view 

of mathematics described . • . suggests a need for changes 

in instructional patterns and in the roles of both teachers 

and students" (NCTM, 1989, p. 125). The document states 

the following goals for all students: 

1. That they learn to value mathematics. 

2. That they become confident in their ability to do 

mathematics. 
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3. That they become mathematical problem solvers. 

4. That they learn to communicate mathematically. 

5. That they learn to reason mathematically. 

content details are also recorded in detail and, suffice to 

say that the one significant new area that signals a 

radical departure from traditional content is discrete 

mathematics (Dolgos, 1990), the mathematics of sets and 

systems that have a countable number of elements. The 

reason for this emphasis is the impact of computers on our 

society and the fact that computers are discrete machines. 

The National Council for Supervisors of Mathematics 

([NCSM], 1989) has also made recommendations about a 

curriculum for the twenty-first century. One major 

difference between the NCTM and the NCSM documents is the 

balance between application and theory. The NCTM pays 

particular attention to the theoretical development of 

mathematical topics in the later high school grades while 

the NCSM does not. 

Turning to the context of instruction, Sarason (1983) 

once remarked 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 say, but that the method of implementation should 

take into account the interests of the students. Another 

contextual factor that will have to be addressed as the 
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march towards the new NCTM standards progresses is brought 

into focus by Chevallard (cited in Keitel, 1989). He 

points out that a contradiction exists, namely that while 

modern society becomes increasingly mathematized, its 

members are becoming increasingly demathematized. 

Evaluation and its place in reform. While there are 

forces external to schools that operate to initiate 

curriculum change, test results play a significant role in 

the way mathematics is taught and in any change process 

initiated. Disparities are evident in the external systems 

of evaluation that operate in different countries. In 

Canada, for example, standardized tests are not 

administered at any level of schooling, and province-wide 

testing at the high school exit level was eliminated some 

20 years ago. It has seen no replacement system up to this 

point. In the U.S., however, standardized tests begin in 

the primary grades and continue at a variety of grade 

levels through to the senior grade in high school. 

Tobin and Fraser (1988) speculate that in the u.s. 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. Blum and 

Niss (1991) ask if tests and assessments can be used for 
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research and development rather than for measuring how well 

someone has practiced an algorithm. We have come to 

associate tests and assessment, they say, with passing and 

failing, and subsequently with admittance or rejection to 

some program that follows. 

McLean (1990) says 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 that reflects 

the style of instruction and the aims of today's education. 

Twenty-First century Mathematics 

There are two dominant strands to mathematics 

curricula that have been developing for a over a decade as 

necessary components. In 1980 the NCTM called for problem 

solving to become a major focus of mathematics curriculum 

(NCTM, 1980); that same focus is still evident in their 

1989 document (NCTM, 1989). The other component, 

computers, is not so much a strand as an influence that is 

having far-reaching effects upon what is considered 

important for students and society in general and upon the 

ways mathematics is taught. This single influence is 

manifested in a vast array of computer applications. 

T.he problem-solving strand. A problem may be thought 

of as a difficulty (Popper, 1972) or as a situation with 

questions not readily solvable by direct methods (Blum & 

Niss, 1991). To begin to solve a problem one needs to 
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understand the question. Popper (1972) suggests that "the 

activity of understanding is essentially the same as that 

of all problem solving" (p. 166). Focussing more closely 

upon mathematics, he suggests that understanding in 

mathematics has four levels, namely: 

1. Understanding what is said. 

2. Understanding in a general way the domain of the 

solution; for example, if asked to find the area of a 

rectangle, realizing that the answer would be in square 

units. 

3. Understanding that the solution is true. 

4. Checking the truth by some method of error 

elimination. 

Popper extends the idea of understanding in suggesting that 

one may become an expert solver of a particular problem 

without actually being able to solve the problem itself. 

His argument is that if one has an understanding of a 

particular problem at all four of the levels proposed 

(maybe through trying and failing many times), then a 

solution presented by another person could be judged as 

authentic or not. (Digressing for a moment it is 

interesting to contemplate the remark of Eisner [1985] that 

teachers' work is problem solving. In relation to what 

Popper has said about problem solving, can a teacher be 



considered an expert in a particular domain if in fact 

he/she does not have a solution at hand?) 
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Lave (1988) proposes recasting the way one first 

thinks about and approaches the concept of problem solving. 

She asserts that there is much to be gained by moving from 

a 'problems to be solved' perspective to a 'dilemmas to 

resolve' perspective. She believes that the social 

situation of thinking about a problem, and the motivation 

for solving it carry no learning transfer properties when 

problems are cast as 'problems to be solved.' She 

considers knowledge to be a process of dilemma resolution. 

Whatever the approach to problem solving as an 

activity in the mathematics classroom, the activity is not 

without its own problems. For example, Doyle (1989) found 

that students often know beforehand the context of problems 

(i.e. they know which section of the book they come from). 

In these instances, because the problems are associated 

with a particular section of material, one could say that 

they are pre-pigeonholed. 

Mathematical problem solving, it seems, is usually 

conducted in isolation, either as a separate unit of 

instruction or as an add-on to algorithmic work. In the 

latter it is used as an application of the algorithm. 

Whichever scenario prevails, teachers often cite the lack 

of time as one obstacle difficult to overcome (Blum & Niss, 
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1991) as they struggle to complete a course of study. A 

second factor is that students, traditionally, have not 

done well in problem-solving exercises and therefore their 

grades may suffer if too much emphasis is placed on the 

problem-solving component of a course. The non-algorithmic 

nature of problem solving is a third aspect with which some 

teachers are not comfortable. 

Blum and Niss (1991) distinguish two approaches to 

teaching. In the first, the teacher separates pure 

mathematics and the applications of mathematics. In the 

second, pure and applied mathematics are integrated: 

consideration of an application within the domain of the 

topic is the motivation. Real-world problems help teachers 

overcome difficulties with the second approach and projects 

(for example the University of chicago school Mathematics 

Projects, and the Teaching Experimental Applied Mathematics 

project at Oklahoma State University) have been designed 

especially to aid teachers in the utilization of problem 

solving in their classrooms (Blum and Niss, 1991). 

Rather than looking at problem solving as an 

application, Bereiter and Scardamalia (1992) have proposed 

that learning itself be treated as problem solving. They 

suggest that, while much of learning occurs as a 

consequence of other activities, problematic learning is 

likely to appear frequently in schools because schools 
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exist in order to promote the kinds of learning that do not 

occur naturally. A difficulty encountered from this 

perspective is that the problems encountered, particularly 

in mathematics and science classrooms, focus on answer

generating formulas and do not devote attention to the 

concepts to which the formulas refer (Sweller, 1988). Chi, 

Bassok, Lewis, Reimann, and Glaser (1989), through 

thinking-aloud protocols, found that low-achieving students 

tried to use previously solved problems as models for new 

problems they were attempting. This process differed from 

high-achieving students who tried to understand why the 

modelled solutions worked and how they related to the 

principles under consideration. Bereiter and Scardamalia 

(1992) considered these high-achieving students as engaged 

in learning as problem solving in addition to learning 

through problem solving. 

Ruthven (1989) has developed what he calls an 

exploration approach to the teaching of advanced 

mathematics. Under his model students first investigate 

relatively open problem situations. They are encouraged to 

speculate, criticize, and refute using the techniques of 

Lakatos (1976). During the exploration phase, teachers 

stimulate and support the students' actions and thoughts. 

The second phase is a codification phase during which the 

teacher tries to draw the students towards relating their 
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ideas and strategies to accepted mathematics. As a result 

of Ruthven's work, using his exploratory model, students 

reported that they had covered the work in greater depth, 

that they had to reason rather than accept, but that they 

were uncomfortable with the deductions they had made 

because these were not based on known formulas. Teachers 

involved with the program were happy with the outcome in 

general but commented that "the adoption ofoa more 

exploratory style of teaching style may prejudice 

examination attainment, particularly among lower attaining 

students" (Ruthven, 1989, p. 464). As a follow-up, Ruthven 

tested students who had been exposed to his exploratory 

methods and found that, on conventionally constructed tests 

(tests constructed to fit a direct teaching style), there 

was no significant difference in attainment by students in 

a control group and those who had been exposed to the 

exploratory method. 

In the studies conducted by Sweller and associates 

(Sweller, 1988), it was found that standard textbook 

problems could be altered to avoid a means-end approach. 

As a result, students were found to engage in accumulation 

of findings and learning of concepts, much along the lines 

proposed by Bereiter and Scardamalia. 

Although courses in problem solving have been 

developed to enhance students' problem-solving ability, 



examination of the effects of such programs is far from 

conclusive (Schoenfeld, 1985). 

The influence of computers as a strand. By way of 

introduction, consider the following problem which is 

simple to comprehend, yet remained unsolved until 1976. 
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In 1852, a few months after he had completed his 
studies at University College London, Francis Guthrie 
wrote a letter to his brother Frederick, who was still 
at college as a student of the mathematician Augustus 
De Morgan. Francis pointed out to Frederick that it 
seemed that every map drawn on a sheet of paper can be 
colored with only four colors in such a way that 
countries sharing a common border have different 
colors. ~e asked if there was any way to prove this 
mathematically. Frederick did not know, and he asked 
De Morgan, who did not know either. (Appel & Haken, 
1977, p. 108) 

For 124 years the four-col or-map problem intrigued 

mathematicians, both amateur and professional. When the 

problem was finally solved in 1976 by Appel and Haken 

(1977) using a computer proof, the world of mathematics had 

to rethink its definition of proof (Davis & Hersh, 1980). 

It called for a belief in computers at a level beyond that 

of a machine capable of performing purely mechanical 

operations such as sorting and adding. Traditionally, a 

proof has been written in such a way that a sufficiently 

patient and competent mathematician could verify it as 

correct. with the advent of computer proof and a 

generation of proofs that cannot be verified by pencil and 

paper, questions regarding validity are being raised 
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(Sangalli, 1991). This is an issue that mathematicians are 

still wrestling with; it may take a generation or more for 

full acceptance of the notion of proof-by-computer as a 

rigorous method of proof. 

Turning to computer-enhanced instruction, Ruthven 

(1990) worked with students on a set of problems that 

involved the use of a graphing calculator as part of the 

learning process. He found that their attainment was 

markedly superior when compared to that of students who did 

not use the capabilities of a machine. He concluded that 

access to information technology can have an influence upon 

both the approaches employed by students and teachers and 

on the understanding and attainment by students. There is 

no question that the application of computers and other new 

technological advances has "extended greatly the landscape 

of mathematics" (NRC, 1989, p. 5). In the classroom, 

however, there is some distance to go. Calculus, for 

example, is still largely taught as a series of algorithms 

(NRC, 1989). A more conceptual development, such as is 

being tried at the University of Arizona in first year 

calculus, is able to take advantage of the capabilities of 

machines to make the subject more meaningful to the 

students. Even at the earliest levels in elementary 

school, where students are developing a sense of number, 

the hand-held calculator, used wisely, has a place in 
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mathematics instruction. Teachers are now asking not 'if' 

but 'how' (Yvon, 1987). Along with the 'how,' "the 

priorities of mathematics education must change to reflect 

the way computers are used in mathematics" (NRC, 1989, 

p. 63) • 

Because there is much activity in the exploration and 

thinking about how technology can be, or may be applied in 

classrooms (Dolgos, 1990), no fixed statement is worthy of 

consideration as it will soon be outdated. Rather, it is 

better to state that educators are looking at content in a 

different way (Fey, 1989) to determine which parts of the 

curriculum are best handled by machines, and, in tandem, 

are looking at ways to change instruction. Scardamalia, 

Bereiter, McLean, Swallow, and Woodruff (1989) suggest that 

the computer environment "should be providing the 

facilitating structure and tools that enable students to 

make maximum use of their own intelligence and knowledge" 

(p. 54) rather than having the computer provide the 

knowledge. 

Teachers are also having to reconsider evaluation and 

assessment. Laurenson (1992) reports how different the 

evaluation procedure for the topic of matrices became when 

students used a computer for all the mechanical operations 

of matrix algebra compared to the situation when students 

did all the mechanical operations using pencil and paper. 
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He highlights the operation of finding the inverse of a 3x3 

matrix, which, if done using pencil and paper, may take 20 

minutes and a page of calculation fraught with the 

possibility of arithmetic error. If done on a computer the 

procedure involves entering 9 numbers and subsequently 

selecting the correct item from a pull-down menu to get the 

answer. If the numbers are correctly entered in the first 

place, similar to writing down the numbers on a piece of 

paper, the required result follows immediately. Thus in 

evaluating the topic of matrices, Laurenson was able to use 

the 20 minutes normally allotted to the testing of the 

mechanical procedure of finding the inverse of a matrix to 

more conceptually based questions and realistic 

applications. 

Mathematics teachers have much to think about in terms 

of the changes that computers are bringing to their 

discipline (Dolgos, 1990). They have to consider that more 

complex and more realistic problems can be contemplated, 

that routine computational skills are becoming increasingly 

devalued, and that time will become available for both the 

extension of current material and the introduction of new 

material (Blum & Niss, 1991). Take, for example, the 

binomial expansion n * 
(a + b)n = I: (n)an-rb r 

n=l 
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without a computer, an approach would be to expand 

(a + b)n for n = 1,2,3,4. 

This expansion using pencil and paper would lead to 

speculation on the result for higher values of n and the 

general result noted above (*). It would be a teacher-led 

exercise. with a computer, the values that one could use 

for n are endless rather than restricted to small natural 

numbers, and students could generate the results 

themselves. As a consequence, students would be able to 

conjecture the binomial relation (*) from a much broader 

base than from the expansion of 

(a + b)n for n = 1, 2, 3, and 4. 

Further, the students themselves can explore the extension 

from natural values of n to real values such as fractions 

and negative numbers. 

The expanding use of technology in other disciplines 

has in turn meant that mathematics is finding greater and 

different applications than those experienced in the past. 

As a result the field of mathematics itself is growing 

(Davis & Hersh, 1980). Teachers are faced with the reality 

of trying to capitalize on the advantages of expanded use 

of technology while minimizing the associated difficulties. 

The NCTM (1989) cautions, however, that there is no 

guarantee that any student will become mathematically 

literate by using a computer or a calculator--mere tools 



for the mathematician just as a word-processor is a tool 

for the writer, neither of which carries any associated 

guarantee of outcome. 
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One of the big questions that mathematics teachers 

face is how far to go with curriculum change. Malaty 

(1988) suggests that change should be gradual with better 

education as the driving force. The NCTM (1989) "sees 

students studying much of the same mathematics currently 

taught but with quite a different emphasis; it also sees 

some mathematics being taught that in the past has received 

little emphasis in schools" (p. 5). 

Summary 

It appears that curriculum change in mathematics will 

take the form of changes in instructional technique and 

evaluation methods as much as in actual content. 

Computational work that can be done easily and efficiently 

by machine will likely become less valued as a pencil and 

paper skill. Problem solving will become more realistic 

with applications being drawn from student experiences. 

The school, the teacher, and the student are 

intertwined elements of the learning process; all three 

must be considered together in decisions about mathematics 

instruction (Tobin & Fraser, 1988). Statements like "The 

school must be a growth environment for the teacher if it 

is to be a growth environment for the student" (Eisner, 
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1985, p. 376) and "The best way to learn math is when it is 

first taught. The best way to teach math is to teach it 

well the first time" (NRC, 1989, p. 13) point to a complex 

context. Milton (1988) suggests that teachers should 

design contexts at school to incorporate structure, method, 

and generalization and in so doing provide a framework upon 

which the school, the teacher, and the student can interact 

in a meaningful learning environment. 

The new standards as prepared by the NCTM (1989) 

emphasize a shift from a logico-formalist view of 

mathematics to a quasi-empiricist philosophy (Schmittau, 

1991) in the spirit of Lakatos (1976). Schmittau considers 

that such a shift cannot be accomplished without a 

reflection of the philosophical foundations upon which 

mathematics education is built. Efforts must be made to 

provide teachers with opportunities to explore their own 

learning styles (Sarason et al., 1986), to explore an 

inquiry approach using problem posing (Yerushalmy, Chazan, 

& Gordon, 1990), and to stimulate creativity (Sarason, 

1982). Teachers should be capable of inquiry into their 

own practice (Sykes, 1986). 

Teachers have a deeply ingrained desire to think of 

mathematics as absolute truth. Tymoczko (cited in 

Schmittau, 1991) asserts that proof is what convinces 

mathematicians, but that, unfortunately, it simultaneously 
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stifles mathematical interest and creativity. Proof was 

thought to be absolute truth, but that belief was shattered 

with the invention of non-Euclidean geometry. Forms of 

instruction are anchored in different views of knowledge 

and in the relationship of teacher and learner to that 

knowledge. Teachers therefore must be challenged to a view 

of mathematics that is comprehensive and broad enough to 

reveal formalism as only one of many mathematical postures 

one may take. 

Teacher Knowledge and Beliefs 

"Men willingly believe what they wish" 
Julius Caesar. 

Teaching involves a person who knows something (the 

teacher) interacting with persons not knowledgeable of that 

particular something (the students). Enabling the student 

to perform the tasks of learning is the central focus of 

teaching (Fenstermacher, 1986); learning occurs when 

students take possession of content. Thus content must be 

included in the knowledge a teacher possesses. Content 

knowledge itself, however, does not constitute the complete 

knowledge base of a teacher (Shulman, 1987). 

The central focus of this section is teacher knowledge 

and beliefs both about mathematics as a discipline and 

about the act of teaching that subject. It will also focus 



on the influence that knowledge and beliefs have on 

practice and on what the student learns. 
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Ernest (1989) says that "Most teachers and learners 

have well formed views on the nature of mathematics and 

these views have a profound influence on the way 

mathematics is taught and learned" (p. 555). Cobb (1987) 

thinks that the real problem of teaching mathematics is not 

rigor, but developing meaning. Brown, cooney, and Jones 

(1990) point out, however, that the meanings mathematics 

teachers themselves hold about their teaching are undefined 

in educational research. Thus it can be concluded that 

people have well-formed views on mathematics that influence 

how they teach and how they learn the subject. During the 

act of teaching and learning, however, developing meaning 

may be the real problem, and that problem has not been well 

defined, except for statements about what it is not. 

Philosophically, Davis and Hersh (1980) speak of three 

stances mathematicians are likely to take. First is 

Platonism, a mythical stance under which it is believed 

that things are lying in wait to be discovered. Second is 

formalism, a system based on absolute truth within a 

universal foundation. Last is constructivism, where the 

natural numbers are thought of as a base and all 

mathematics as constructed from them. Lakatos (1978) 

speaks of only two philosophical stances, the latter two of 
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Davis and Hersh. In his work, Proofs and Refutations, 

Lakatos (1976) points out the inadequacy of the formalist 

philosophy through presentation of mathematics without a 

basis in axioms. To consider another perspective, Dionne 

(1987) says that there are four problems that have plagued 

mathematics teaching. They are (a) the insistence put on 

notation and symbolism, (b) the influence of formalism, (c) 

the presence of behavior theories, and (d) the focus on 

answers instead of reasoning. 

All this leads one to conclude that, apart from the 

Platonic stance not pursued in this review, there are two 

quite opposite ways of thinking about and teaching 

mathematics. These opposing philosophies will be referred 

to in this review as formalist and constructivist. 

Within the formalist philosophy, Romberg and Carpenter 

(1986) describe the traditional view as static and bounded. 

They see mathematics in schools as divorced from other 

subjects; within the discipline itself they view the 

division into separate entities such as algebra, geometry, 

and trigonometry as dissociated from reality. Positivists 

Hirst and Peters (cited in Ernest, 1989) would be 

classified as formalists since they view mathematics as 

characterized by its distinctive concepts, propositions, 

and methods of proof, namely logical proof. They regard 

knowledge as a product. In actual fact most people view 



mathematics as certain, absolute, and value-free (Lerman, 

1990). In this paradigm, "A good math teacher is one who 

knows how to disclose the full light of such factual/ 

worldly truth" (Rota, 1990, p. 67). 
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In contrast, wittgenstein (cited in Ernest, 1989) sees 

mathematics as a collection of human activities driven by 

human goals, interests, and purposes. Such a viewpoint is 

characteristic of the constructivist paradigm, the new wave 

in the philosophy of mathematics. Constructivists have 

questioned the sUfficiency of considering only products 

(Ernest, 1989) and view knowledge as actively constructed 

rather than passively received (Kilpatrick, 1987). Coming 

to know is thought of as an adaptive process through which 

one organizes one's experiences (Kilpatrick, 1987). 

According to von Glasersfeld (1987), constructivism is not 

a theory of what we know; rather it is a theory of knowing 

where knowledge exists as a viable explanation of 

experience. 

While process and product are inseparable (Farrell, 

1987), Davis (1983) and Ernest (1989) believe that there 

has been a paradigm shift from a focus on product to a 

focus on thinking about the process of mathematics. The 

new standards in mathematics (NCTM, 1989) with their 

process orientation have a greater chance for success with 

such a paradigm shift if teachers examine formalism and the 
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part it plays in mathematics education today (Lerman, 1990; 

Schmittau, 1991). Hofstadter (1979) says that "Godel's 

theorem shows that there are fundamental limitations to 

consistent formal systems" (p. 696) and Schmittau (1991) 

suggests that teachers only need think about theorems such 

as this to realize that no formal system can encompass all 

of mathematics. 

In moving away from formalism and all its 

encumbrances, an educator has to question the role of 

reasoning, meaningful engagement, and the attention to 

correct answers. According to Schmittau (1991), teachers 

are currently buried in the formalist paradigm and are 

relatively unaware of any other philosophical perspectives. 

He believes that they have a deeply ingrained desire to 

invest mathematics with authority and absolute truth. As 

an example, a student in a formalist classroom faced with a 

new problem may very well say "I haven't seen that before" 

as opposed to a stUdent in a constructivist classroom who 

would try to relate the problem to his experience and 

existing knowledge (Worrall & Zahar, 1984; Lampert, 1990a; 

Lerman, 1990). 

Lakatos (1976) asserts that there is no certainty in 

mathematics. He says that mathematics is a human creation 

and is therefore open to revision: to fix mathematics in a 

set of axioms is inadequate. 
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Philosophical Considerations 

Instead of focussing on just the two opposing 

philosophies, formalism and constructivism, one may think 

of a continuum of philosophical thought with the 

positivists, formalists, and traditionalists at one end of 

the continuum and the constructivists at the other. The 

new wave of philosophical thought has been strongly 

influenced by Imre Lakatos. He sees problem solving and 

human activity as having a central place in the teaching 

and learning of mathematics (Lakatos, 1976). Furthermore, 

he sees formalism as "a bulwark of logical positivist 

philosophy" (p. 2) and believes that it has strong roots 

and traditions in the teaching of mathematics. 

Along the continuum there are varying degrees of 

constructivism. Perry (1970) conceptualized a 

developmental framework along which one moves as one 

develops from a "right versus wrong" perspective to a 

position in which one considers all knowledge as embedded 

in a context. In applying this model to a spectrum of 

philosophy of mathematics (Oprea & stonewater, 1987), the 

center of the positivist-constructivist continuum would be 

characterized by a perspective that would consider the 

possibility of more than one right answer to a particular 

problem. 
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Shifting the focus of this discussion to a beliefs 

perspective one must ask the question, "What is a belief?" 

Underhill (1988) defines belief as an attitude consistently 

applied to activities in which the person holding the 

belief is engaged. He says beliefs may be idealistic and 

non-reachable. Further, they may be hierarchical and 

subject to compromise, with, in some cases, only the lower

level ones being accommodated. As for their application, 

Grouws (1988) thinks that beliefs about learners, about 

conceptions of mathematics, and about the nature of 

instruction all impact on instruction. Furthermore, civil 

(1990) suggests that the beliefs of a teacher may be passed 

on to students. 

The question to be explored now is the relationship 

between philosophy and beliefs. With Underhill's notion of 

beliefs as applied and the idea that a philosophy is a 

system of principles, it is appropriate, in the context of 

mathematics education, to consider beliefs and philosophy 

as inextricably interrelated. Freeman et al. (1986) 

suggest that there exists a belief continuum on which 

teachers are situated. stonewater and Oprea (1988) pursued 

this idea and found evidence to support application of 

Perry's developmental model to a positivist-constructivist 

belief continuum. They conducted case studies and found 

positivist beliefs represented in a teacher who said "I 
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think there is one right answer like operations in Algebra 

1" (p. 358). The person they saw occupying a place 

somewhere along the continuum said, when faced with more 

than one possible answer, "I would go along with my opinion 

..• but I would walk away thinking that I don't think 

that that is right . because my interpretation is just 

my interpretation" (p. 360). The teacher they found at the 

constructivist end of the belief continuum did not see 

proof as authority and said, "I think proof is a way of 

verifying the system and going back to what you believe" 

(p. 360). 

Waxman and Zelman (1987) have developed separate terms 

to describe the ends and the center of the belief 

continuum; their terms suggest a strong relation to a 

philosophical model. The particular labels they use are 

'traditionalist,' 'math phobic,' and 'constructivist.' The 

traditionalist of course relates to the positivist 

philosophy, while the math phobic is a person who espouses 

constructivism yet practices traditionalism. 

A second model developed by Freeman et ale (1986) has 

the extremes of the continuum labelled as internal and 

external. The ideas behind this model run parallel to the 

theory of locus of control (Rotter, 1971). This second 

model is suggested as a way of looking at beliefs as they 

apply to content decision making. 
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To complete the spectrum of how to classify beliefs, 

we have the view of McLeod (1987), who thinks that a major 

problem in the work on teacher beliefs in mathematics is 

the lack of an appropriate framework on which to base the 

work and that, until such a framework is developed, there 

is little point in trying to classify beliefs. 

Beliefs and the Practice of Teaching 

From the theoretical perspective it is now appropriate 

to look at teaching practice with a view to coming to an 

understanding of what teacher beliefs are about, how they 

are formed, and how they impact on practice (Ball, 1988). 

Experience has a strong influence on beliefs (Cobb, 1988). 

Ernest (1989) suggests that experience impacts not only on 

the teaching methods but also on the curriculum and the 

development of materials. As for changing a teacher's 

beliefs, there are reports (Halpin, Croll, & Redman, 1990; 

Lampert, 1990b; Levy, 1991) that it is possible, through 

staff development exercises, to change a person's beliefs. 

Wood (1990), on the other hand, believes that the 

alteration of beliefs and dispositions is practically 

impossible once a teacher has become socialized into a 

school culture. It has even been suggested that, with 

experience, teachers move from a progressive to a 

traditionalist stance (Hanson & Herrington cited in 

zeichner & Tabachnick, 1985). 
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As a first step in coming to an understanding of the 

impact of beliefs on the practice of teaching, we need to 

know more about where teachers come from in their beliefs, 

and how changes are shaped. It is of interest to note that 

there are findings indicating that what is done in practice 

and what a teacher thinks or believes are not always the 

same (Ernest, 1989; Jones, Hendeman, & Cooney, 1986; 

Underhill, 1988). Thus the task of uncovering the real 

impact is somewhat challenging. 

The pre-service teacher. At the pre-service level, 

student teachers bring with them a latent philosophy of 

education (Ball, 1988; Bolin, 1988); teacher educators must 

encourage them to be reflective and thoughtful about their 

practice. Bolin (1990), in his study of Lou, uncovered a 

philosophy that "things are going to be the way they are" 

(p. 11). Lou saw teaching as "something you do rather than 

something you think about or study" (p. 11). One is 

reminded of Dewey's (1904) remarks about student teachers. 

He said that student teachers who focus on methods may have 

an initial advantage in practice but that in the long run 

the student teacher who thought about practice will be 

better off. 

In the pre-service phase, teacher educators are faced 

with the task of moving a group of people who have certain 

beliefs about mathematics to a position of at least having 
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an understanding that there is more than one philosophical 

stance (Schmittau, 1991). Marks (1990) suggests that one 

way to accomplish this may be to aim for greater 

integration of pedagogical knowledge with content knowledge 

through involvement of both education and mathematics 

faculty members in course development and instruction. 

Such a non-dualistic approach may bridge the gap between 

content and pedagogy and help in the development of 

pedagogical content knowledge, the knowledge to which 

Shulman (1986) referred (McEwen & Bull, 1991). In 

addition, the beliefs and philosophies of the student 

teacher may have a chance of being expanded beyond a single 

focus. Larson (1983) adds that teacher educators must also 

deal ~lith feelings towards mathematics. She maintains that 

developing a positive attitude towards the teaching of 

mathematics should be one of the major goals of a pre

service mathematics methods course. If one thinks of an 

attitude as part of a belief system, pre-service education 

may get closer to producing a person capable of becoming a 

good mathematics teacher. Such a person is described by 

Secada (1988) as one "who has a sophisticated knowledge of 

the mathematical content being taught; one who believes 

that math is more than rote memorization of procedures and 

facts; ... one who employs a variety of instructional 

strategies in achieving instructional goals" (p. 35). 



Having such a set of expectations for graduates of a pre

service mathematics education course may very well be too 

tall an order for the teacher educators to accomplish in 

the time allotted for pre-service education. 
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While there is some research reported that relates to 

the beliefs of pre-service elementary mathematics teachers 

(Brown et al., 1990; Tirosch & Graeber, 1989; Lampert, 

1988; Civil, 1990, for example), little has been written 

about the beliefs of pre-service secondary teachers. What 

is known, however, is that the attitudes and beliefs of 

pre-service teachers are formed on the basis of what they 

have experienced throughout their own life and will be 

rooted at some place along the formalist-constructivist 

continuum. Teachers coming into the profession have had 

about 10,000 hours of classroom involvement, and Wood 

(1990) suggests that this is a powerful component in the 

shaping of beliefs and actions. Further, teaching attracts 

those who like the norms and structures of schools; 

therefore innovation and creativity may not be a part of 

their incoming repertoires. with increased competitiveness 

for entry to colleges of education, however, innovation and 

creativity may feature as part of the admission criteria. 

At the University of Toronto, for example, where one out of 

nine applicants is accepted into the post-baccalaureate 

program for pre-service teacher education, the 
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characteristics of the applicants are weighed carefully as 

part of the admission procedure. 

The practicing teacher. with reference to the idea 

that meaning and understanding are important elements in 

the teaching of mathematics, Pea (1987) sees linking self 

and knowledge in the process of understanding. In so doing 

he posits that the learner will come to own the mathematics 

that has been learned. One of the issues to be faced by 

mathematics teachers concerns the nature of mathematics 

(Hersh, 1979). At present there is a cyclical pattern to 

the teaching of school mathematics. Students are learning 

the subject, for the most part, from formalists who impart 

their philosophy and belief systems to the listeners/ 

learners who then become formalists themselves (NRC, 1989). 

These newly graduated formalists then enter pre-service 

teacher education, may get exposed to other philosophical 

and belief models, but in all likelihood will enter 

teaching with a belief system unaltered from that which 

they developed throughout their own school experiences 

(Civil, 1990). For them subsequently to move from their 

traditionalist perspective of mathematics and to approach 

the sort of linking of self and knowledge that Pea (1987) 

refers to, an active in-service education program appears 

to be necessary. 
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Teacher behavior, according to Clark and Peterson 

(1986), is substantially influenced by a teacher's thought 

processes, which include philosophies, theories, and 

beliefs about teaching. "People act in accordance with 

their perceptions and their choices" (Bruner, 1986, p. 59). 

To be effective, one has to believe one's own behavior will 

bring about a desired outcome (Czerniak & Chiarelott, 

1990); high efficacy teachers are more likely to be 

associated with a greater personal commitment to teaching. 

They believe in themselves. The implementation of policy 

and curriculum is also determined in part by teacher 

beliefs (Eisenhart, Cuthbert, Shrum, & Harding, 1988) and 

both of these items impact heavily on the day-to-day work 

of a teacher. 

Novice teachers have only their experiences as 

learners as bases for their conceptions of practice. Being 

limited in their conceptions of practice, they are often 

not supportive of practices that would lead to the 

development of problem-solving abilities (Thompson, 1985). 

Expert teachers, on the other hand, appear consciously to 

integrate knowledge of instruction with conceptual 

knowledge; their actions are founded on a well-developed 

belief system (Roehler, Duffy, Herrmann, Conley & Johnson, 

1988). 
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Peterson, Fennema, Carpenter, and Loef (1989), in 

their research to determine specific beliefs that teachers 

hold, found that teachers believed most strongly in the 

notion that mathematical skills should be taught in 

relation to understanding and problem solving. They also 

found a wide variety in beliefs held and classified 

teachers as having cognitively based beliefs or not. What 

was interesting was that the cognitively based believers 

often did not follow through in their practice. For 

example many teachers believed strongly in textbooks. They 

also espoused relating skills to problem solving, but if 

the book did not do it, the teachers did not either. 

Likewise they found that these same teachers taught 

discrete components of mathematics, a practice in 

opposition to the belief that skills and problems need to 

be integrated. Thus there appears to be a state of 

inconsistency between the beliefs espoused and actual 

teaching practice (Ernest, 1989; Underhill, 1988). 

Four factors in particular influence the belief system 

and the practice of teachers; often these factors work in 

opposition to either the beliefs held by the teacher, the 

practice desired by the teacher, or both. 

1. Behavioral factors. "Many teachers believe that 

behavioral objectives are harmful to children's 

development" (Kamii, 1981). When such objectives are 
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imposed, Kamii (1981) suggests that teachers are no longer 

in a position to decide what to teach or how to teach. 

Furthermore, if there is an imposed testing program, 

teachers have no say in the evaluation of their students. 

In effect, teachers have become instruments of instruction 

and are discouraged from inventiveness and creativity. To 

quote Apple and Jungck (1990), 

with the growth of interventionist styles of 
management, more and more curricula and the act of 
teaching itself are dominated by pre-specified 
sequential lists of behaviorally defined competencies 
and objectives, pre-tests and post-tests to measure 
readiness and skill levels, and a predominance of 
prepackaged textual and often work-sheet material. 
(p. 235) 

They conclude by saying that teachers are dealing with 

overload. 

2. Administrative factors. It appears that school 

administration imposes heavily on teachers, and in so doing 

forces many teachers into carrying out their practice often 

against their beliefs. On a day-to-day basis there are 

lesson plans required by the administration. Often 

teachers have the opposing belief that it is better for 

lessons to evolve; it is then possible to incorporate 

student reactions into the lesson (Kamii, 1981). Then, of 

course, there are the constraints of examination schedules 

and other time-tabling impositions. Teachers often have 

input into curricular decisions, but as Howson (1983) 
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observed, even though teacher groups are consulted and are 

sometimes in control, the groups are often not truly 

representative of teachers. Munby (1984) suggests that 

when a teacher is faced with an externally designed 

curriculum, he or she will transform it to a certain extent 

so that it matches more closely the desired curriculum of 

the teacher putting it into practice. Thus we have a push

and-pull situation which can only result in a less than 

ideal learning/teaching environment. 

3. Classroom management factors. One aspect of 

teaching that appears to impose very heavily on beliefs 

about the subject and its teaching methods is that of 

classroom management. Doyle (1989) notes that teachers 

create environments to ensure a smooth-flowing work system 

with high levels of student involvement and production. 

such environments, he suggests, focus on familiar work 

through which a teacher can guide students through novel or 

demanding tasks in a very explicit manner. Thompson (1985) 

likewise suggests that a teacher may choose to leave out 

discussion sessions when solving problems because of the 

need to maintain order. In a study of geometry in upstate 

New York schools, Schoenfeld (1988) found that, while good 

management and good behavioral processes were followed, the 

students often went away with misunderstandings and 

mistaken beliefs about geometry. He observed that teachers 



were driven by the regents' exams and relied heavily on 

textbooks. He concluded that these two factors in 

combination with the emphasis on classroom management 

imposed on the beliefs about mathematics held by the 

teacher. 
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4. content knowledge factors. Actual subject matter 

knowledge is another player in the development of beliefs 

and the execution of practice. Limited subject matter 

knowledge may render the teacher a slave to the day-to-day 

operations of running a classroom (Hollingsworth, 1989) and 

may also be manifested in a reluctance, on the part of the 

teacher, to venture out into more creative problem-solving 

vectors. The whole matter of what is known by the teacher, 

and what the teacher thinks it is to know mathematics, are 

at the root of belief formulations. 

~hrough the aggregation of the above factors, it is 

small wonder that a teacher often experiences a conflict in 

relation to beliefs. Clark and Lampert (1986) describe the 

conflict as a discrimination between factors. Lortie 

(1975) perhaps summarizes the situation most elegantly when 

he talks of teachers finding a contradiction between their 

own ideas about teaching and the constraints and rewards of 

the organization in which the teaching occurred. 

An interesting personal reflection is given by Steffe 

(1990) where he focusses on his responsibilities as a 
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teacher, his beliefs about ownership of knowledge, and his 

reflections on pedagogical methods. He uses arithmetic 

series as a topic to illustrate his reflections. By way of 

introduction, he states his belief that his basic 

responsibility as a teacher of pre-college mathematics was 

to explain to students so that they would understand the 

concepts of the topic under discussion, and its 

relationship to other material to which they had been 

exposed. He illustrates his change in beliefs by 

discussing a lesson to determine the sum of n natural 

numbers. The following is the model he initially used: 

s = 1 + 2 + 3 + ... + (n-l) + n. 

Writing in reverse order: 

s = n + (n-l) + (n-2) + ... + 2 + 1. 

adding the two lines gives: 

2s = (n+l) + (n+l) + (n+l) + ... + (n+l) + (n+l). 

= n(n+l) 

thus: s = n(n+l)/2. 

He believed that productive mathematical reasoning followed 

such a lesson. 

Steffe now believes in interacting mathematically with 

the students. He suggests that, to cover the topic 

illustrated above, he would now engage students in the 

following experiential exercise: 
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1. Students might be asked to think about the number 

of gifts collected in the 12 days of Christmas story. 

2. To illustrate the concept graphically, he might 

then turn their attention to looking at the side view of a 

staircase that has a rise and run of say eight inches for 

each stair. 

3. He would then have the students imagine that the 

end of the staircase was tiled with eight inch square 

tiles. 

4. The summation problem is now referenced to a real 

situation. By envisioning a second staircase of exactly 

the same size, rotated through 180 degrees and placed on 

top of the original staircase, the side view of the 

staircases is now n tiles wide and (n+1) tiles high. 

5. The total number of tiles in the pair of 

staircases is n(n+1). simple arithmetic produces the sum 

of the first n terms of the natural numbers. 

Steffe believes that students, by focussing on 

mathematics as a human activity, will come to understand 

mathematics and will take ownership of the material that is 

covered. One is reminded of Cobb's (1987) remarks cited 

earlier in this paper referring to the real problem of 

teaching mathematics being that of developing meaning in 

the discipline. 
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Beliefs and In-Service Education 

with the positivist-constructivist model it may be 

assumed that both beliefs and practice will be found 

somewhere along the continuum and that beliefs and practice 

may not necessarily occupy the same position for any 

particular teacher (Shaw, 1990). There will certainly be 

differences for different teachers and different groups of 

teachers. Underhill (1988) for example, in a review of 

literature found elementary school teachers to occupy a 

central position on the continuum in their practice. 

Junior high school teachers displayed a more positivistic 

approach, and senior high school teachers were embedded in 

a non-constructivist approach. Davis and Hersh (1986) 

suggest that teachers struggle to give thought and meaning 

to instruction and that the fight against formalized 

instruction is perpetual. Cobb (1988) also recognizes a 

conflict and suggests that instructional interaction must 

be altered and reconceptualized if constructivism is to be 

taken seriously. 

Summary 

To match beliefs and practice would seem to be a step 

in the right direction. Fullan, Bennett, and Rolheiser

Bennett (1989) elaborate with the suggestion that teachers 

should be reflective and inquiring, and Zumwalt (1982) sees 

the effective teacher as one who weighs events and reflects 
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on experiences. Glaser (cited in Cobb, 1987) says that 

people trying to understand something new will do so in 

terms of what is already known; thus it will be important 

to imbed the initial thinking about something new in a 

familiar context. If there is no framework in place, it is 

likely that teachers will accept or reject ideas purely on 

the basis of whether they are comfortable with them. Some 

teachers may need to be reassured through the process of 

change. It may be well to remind them that Schlechty 

(1985) pointed out that organizations which promote 

excellence value inventiveness as much as they value 

achievement. 

On a concluding note to this section it is well to 

heed the remarks of Silver (1987), who reminds us that 

students' beliefs about mathematics and their attitudes 

towards the subject are shaped by their school experiences. 

He refers to beliefs as "hidden products" of the 

curriculum. Silver's remarks are driven home in a recent 

essay written by a girl who changed schools during the 

period of her high school education (Perry, 1988). She 

found herself moved from a school where students were 

encouraged to think, in learning mathematics, to one where 

she was taught routines and procedures in her mathematics 

classes. One can imagine the difference in beliefs that 
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students took away from the two schools. Perry referred to 

it as inequity. 

staff Development 

"Professional activity is • • • a constant process of 
interpretation, action, reflection, and adjustment" 
(Furlong, Hirst, Pockington & Miles, 1988, p. 123). 

Staff development, teacher development, and in-service 

teacher education all have particular connotations yet all 

are concerned with the change of teachers' practice. It is 

pertinent, therefore, to begin with definitions of these 

three terms as they apply to the enhancement of the 

practice of teaching. Following the definitions is a 

reflection on past directions in staff development. This 

leads to a consideration of the context conditions present 

when teacher development is contemplated or enacted. Then 

follow models of professional development currently in 

place. Thoughts relating to the bridging of problems 

associated with these models and with new plans will then 

be highlighted. 

Definitions 

Staff development. Sparks and Loucks-Horsley (1990) 

define staff development as "those processes that improve 

the job related knowledge, skills, or attitudes" of 

teachers (p. 234). Griffin (1983) defines it as "any 

systematic attempt to alter the professional practices, 

beliefs, and understandings of school persons toward an 
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articulated end" (p. 2). It is to be noted that both of 

these definitions refer to teachers and school persons in 

the plural. 

~eacher development. The development of a teacher is 

considered to be a career-long inquiry into practice 

through reflection, rethinking, and re-evaluating 

(Lieberman & Miller, 1990). Teacher development deals with 

changes that teachers experience throughout their careers 

(Burden, 1990; Holly, 1989) in job skills, knowledge, 

behaviors, attitudes, expectations, concerns, and in actual 

practice. These changes may be embedded in any of the 

following: 

changes in grade level, school or district; 
breaks in service; involvement in additional 
professional responsibilities such as serving on 
committees, or in teacher associations or as 
department head; involvement in professional 
development programs; entry into retirement from 
teaching; and achieving honors, titles (eg., master 
teacher), or other forms of recognition. (Burden, 
1990, p. 314) 

In-service teacher education. This facet of teacher 

education consists of "workshops, conferences, formal 

courses, and supervisory services . • . provided to 

maintain and extend the professional knowledge and skills 

of practicing teachers" (Doyle, 1990, p. 3). 

Thus the components of in-service education may be, or 

could be, part of a staff development plan, which in turn 



may have some bearing on the development of a person as a 

teacher as illustrated in Figure 1 (see Appendix C). 
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Summarizing, the knowledge base is constantly changing 

and growing, the understanding of student learning is 

altering and enlarging, and the instructional strategies 

employed in classrooms are constantly being reviewed (Lord, 

1991). All of these changing characteristics of the 

enterprise called education contribute to the development 

of a teacher over the course of his or her career. 

It is worth noting that Lieberman and Miller (1990) 

draw attention to the fact that "the term in-service 

education has come to be synonymous with training, and 

implies a deficit model of education" (p. 106). They say 

that we have come to think of in-service as people in 

authority giving information needed by teachers. Another 

interesting notion that they share with Holly and 

McLoughlin (1989) is that "from training to development, 

educational discourse slowly shifts from teacher-as

information-dispenser to teacher-as-researcher" (p. ix). 

While their intention in this phrase is to focus on a 

paradigm shift that is apparently taking place in the pre

service education of teachers, there is an underlying theme 

which suggests that when an 'about-to-be teacher' first 

encounters the profession, he or she is likely to be set in 

the information-giver mode, but that after some time in the 



profession there may be a shift to the teacher-as

researcher model. 
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Before further exploration of these ideas, it is 

appropriate to look back at the record of staff development 

and its attempted aims. 

staff Development Past 

Cogan (1975) reported that schools were not 

particularly efficient or successful at in-service and that 

such activities represented dollars poorly spent. Neff 

(1990) repeated almost the same words some 15 years later 

although his remarks related particularly to mathematics 

educators, when he said that the present state of in

service for secondary mathematics educators is less than 

satisfactory. 

The course mode has tended to dominate in-service 

activities in the past, although group-work, discussion 

groups, staff meetings, and school-based curriculum groups 

have all played a part (Eraut, 1987). Student management 

and behavioral objectives have often been the focus of 

teacher assistance programs (Feiman-Nemser & Parker, 1990), 

while subject matter knowledge was often ignored as there 

was a belief that teachers, having mastered content matter 

prior to beginning to teach, did not need further exposure 

to content even in the face of new developments in the 

field. 
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The professional development day approach has been a 

common way to 'in-service' teachers. Such days have 

consisted of workshops and conference-style lectures 

sponsored by school boards and teacher federations (Fullan 

& Connelly, 1987). The teachers have often been involved 

in the planning of such events, but there is often little 

follow-up or carryover to actual instruction. 

Additional qualifications courses have also been a 

part of staff development for teachers. These courses are 

largely determined by education authorities although they 

may be administered by universities. 

Fullan and Connelly (1987) think that, while teachers 

are generally satisfied with the in-service they get, there 

is a need for greater breadth than found in current 

offerings. They ask if in-service teacher education is 

efficient and truly meeting the needs of teachers. As if 

to answer their own question, they suggest that the current 

problems facing professional development are: 

1. One-shot deals are still being used in staff 

development even though they are not satisfactory. 

2. In-service is not context specific. 

3. There is no feedback from practice. 

4. There is no follow-up from administration. 

5. The current state of knowledge of participants is 

ignored. 



6. There are few motivations that are geared to 

learning more. 
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7. There are gaps and overlaps in the in-service that 

is carried out. 

In view of what has been practiced under the name of 

staff development and in light of Fullan and Connelly's 

problem list, a review of the contextual characteristics 

present in any staff development model is now presented. 

Context Conditions in staff Development 

Four primary factors emerge as significant. The 

teachers, the students taught, the instruction given, and 

the pressures that impinge on the business of schooling as 

they relate directly to the classroom are the four context 

conditions that form the basis of this section. 

The teachers. Hubermann (cited in Fullan, 1991) found 

sub-patterns in the career cycles of teachers. He saw 

teachers surviving and discovering for the first three 

years, stabilizing their practice for years four to six, 

experimenting and diversifying for years 7 to 18, then, 

after 19 years in practice, beginning to narrow their 

focus. Of the problems that have plagued the teaching 

profession, one is a definition of good teaching, or a list 

of characteristics, traits, and knowledge that are the mark 

of a good teacher. Shulman (1987) suggests that any 

criteria for judging good teaching must be grounded in 
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theory and sees the knowledge base for teaching as lying at 

the intersection of content and pedagogy. 

Learning to be a teacher is a career-long activity 

(Fullan & Connelly, 1987; Holly & McLoughlin, 1989). 

Fullan (1991) suggests that good change processes that 

foster sustained teacher development over the course of a 

career, and that lead to benefits for students may be one 

of the few sources of revitalization and satisfaction left 

for teachers in the field even though the education of 

educators has had a poor track record. Duffy and Rachler 

(cited in Devaney, 1987) speak of the difficulty of getting 

teachers to change. They say that teachers particularly 

resist complex, longitudinal changes as opposed to change 

in management routines or temporary changes. It is, of 

course, the more complex longitudinal changes that are 

necessary. 

It is recognized that "the established professions 

require the practitioner to continue his education 

throughout his entire professional life" (Cogan, 1975; p. 

213) to gain new knowledge and to remedy weaknesses (Cogan, 

1975; Dolgos, 1990). For teachers this may also take the 

form of acquiring new skills associated with new programs 

(Neff, 1990), or of reforming instruction (Simon & 

Schifter, 1991). 



with regard to the staff development of mathematics 

teachers, it is pertinent to focus on who is teaching. 
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Here is the profile of a typical secondary school 

mathematics teacher. He (90 percent are white males) will 

likely teach the upper grades (the percentage of male 

teachers increases with grade level), will have a degree in 

mathematics (76 percent are mathematics graduates), and 

will hold a teaching certificate (84 percent are certified) 

(Weiss, 1990). As far as recent contact with mathematics 

content outside that used in teaching, Weiss found that 50 

percent had taken a mathematics course in the previous five 

years whereas 33 percent had not taken one for over 10 

years. 

There is evidence that teachers are more responsive to 

professional activities of a developmental nature after 

they have taught, as opposed to before, and that the 

profession is becoming more accepting of the concept of 

in-service education (Ben-Peretz, Giladi, Dor, & 

Strahevsky, 1990). Fullan (1991) indicates that many 

teachers are willing to consider change at the individual 

classroom level. Fullan would like to see, in the longer 

term, a continuum of change involving initiation, 

implementation, and continuation of programs. 

Words of caution are given by both Sarason (1982) and 

Fullan (1987). Sarason warns that teachers are reluctant 
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to change and, as a result, effective staff development and 

change may be difficult to accomplish. He gives as an 

example the problems associated with the introduction of 

the new math project in the sixties. Teachers were not 

part of the decision-making process concerning either the 

content to be incorporated into the then current curriculum 

or the decisions about implementation. They were not given 

the opportunity to change their perception of their roles 

as teachers of mathematics as was expected of them as they 

embraced the concept of new math. Sarason suggests that 

teachers must become the agents of change. 

Fullan and Connelly (1987) point out that teaching, in 

addition to involving in a career-long commitment to 

learning, is a career-less profession because novices and 

experts are expected, in effect, to do the same job. Like 

Sarason they see the teachers themselves as the key, in 

that for meaningful development to take place the teachers 

must become the central element of staff development plans. 

The students. The second critical factor in the 

business of schooling is the body of students to whom the 

teachers direct their instruction. Fullan (1991) gives the 

students as one of the prime reasons why change is 

necessary. He believes that students are alienated because 

their environment and culture often do not match the 

environment and culture of the schools or the teachers. 
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Farrell, peguero, Lindsay, and White (1988) suggest that 

there is a conflict between the meaning systems of students 

and those of the teachers. Students, they say, are 

"pressured by the attitudes of their peers, the demands of 

their impulses, the strictures of their families, and their 

anxieties about their economic futures" (Farrell et al., 

1988; p. 501). Teachers, on the other hand, value 

education, believing that school gives the students a 

credential to help them deal with the economic world. 

It would appear then that, in plans for staff 

development, consideration of the notion of knowing one's 

students within their world and within our complex 

environment is an essential component on the path that 

leads to more effective student learning. 

The instruction. weiss (1990) in his survey of 

secondary school mathematics teachers found their 

objectives in teaching the subject to be: 

1. Developing a systematic approach to problem 

solving. 

2. 

:3 • 

4. 

Knowing facts, procedures, and algorithms. 

Developing inquiry skills. 

Preparing for further mathematics. 

Interesting differences are to be found between the 

objectives of teachers in practice as outlined above and 

the goals of mathematics education according to the NCTM 
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(1989). To be achieved through instructional experiences, 

the NCTM goals are to enable students to: 

1- Value mathematics. 

2. Gain confidence in their own ability. 

3. Become mathematical problem solvers. 

4. Communicate mathematically. 

5. Reason mathematically. 

Knowing facts, procedures and algorithms is an objecti~ 

noticeably absent from the NCTM list. This appears to be 

replaced by the notion of personal value in the subject and 

confidence in it as a user and conveyer. The old reason of 

mathematics as necessary for what comes later is also 

noticeably absent from the NCTM list. Rather than a 

"teacher prescribe, student transcribe" (NRC, 1989, p. 57) 

approach, "math teachers must involve students in their own 

learning" (NRC, 1989, p. 60). 

In terms of staff development for mathematics teachers 

it would appear that there is work to be done if the 

objectives of the teachers are to match those of the 

association to which they belong. It has long been 

recognized that schooling is more than just lectures, seat

work and rote learning, and that "radical breakthroughs are 

needed" (Goodlad, 1984, p. 317). The teachers themselves, 

as the agents of change, must first undergo some radical 

breakthroughs of their own, and these breakthroughs will 
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come about only as the result of, to use Fu11an's 

terminology, a continuum of in-service activities. For 

such a change, however, the teachers themselves are not the 

only facet of the teaching process that needs to change. 

Textbooks, software, testing procedures, and the education 

of teachers must also change significantly (NRC, 1989). 

Political and public pressure. A fourth set of 

factors impinging on teachers as they go about the work of 

teaching and learning is the political and public forces 

that act in the education arena. Economic factors, the 

advancement of new theories from the professoriate, and 

developments from the teachers themselves are all players 

on the educational stage (Fullan, 1991). 

The perception of Haberman (1989) is that the dominant 

u.s. value system is focussed on the job market and that 

this controls the nature of schools and, in turn, the 

nature of teacher education. He maintains that schooling 

is currently geared to a skills orientation and that 

teacher education is focussed on teaching as a craft with 

technical development forming the mainstay of professional 

development. It is interesting to note that Keynes (1989) 

reports that in Minnesota some high-tech companies and 

various levels of government are represented on committees 

that are influencing mathematics education in Minnesota 

schools. In this case the initiative was taken by a group 
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of interested mathematicians who wished to make mathematics 

education more visible. 

Therefore, in staff development and the associated 

plans for teacher development, recognition of the real 

problems in education through consideration of the context 

conditions of teaching must become a major thrust. 

Models of In-Service Education 

The Australian Association of Mathematics Teachers 

([AAMT], 1989) recommends that courses be developed to 

provide opportunities for teachers to upgrade their 

knowledge base and to extend their knowledge of educational 

theory and research. Further, they suggest that, because 

teachers who have taught for 10 or more years are those 

being asked to transform the teaching and learning of 

mathematics, professional development programs are needed 

for these people. Their research suggests that there is a 

need to work with the change agents, the 10-year veterans, 

who in turn will work with practicing teachers to 

accomplish reform. 

It is interesting to turn to the teachers to find out 

what they think are the priorities in a professional 

development program. Melnick, Iwanicki, and Gable (1989) 

conducted a survey of 1,792 teachers to determine their 

priority for professional development. The results of the 

survey produced the following ranking: 
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1. Use of technology and resources. 

2. Fostering of thinking and communication skills. 

3. Student evaluation. 

4. positive learning environmen·t. 

5. Professional responsibility. 

6. Instruction. 

The teachers themselves appear to have a clear picture of 

their needs. They have focussed on technology where they 

sense a deficiency and, apart from evaluation, the 

remaining items on the list are very contextually based in 

classroom settings. The item of student evaluation 

standing third on the list is quite pertinent in terms of 

mathematics. In the document Curriculum and Evaluation 

Standards for School Mathematics, the NCTM (1989) devotes a 

whole section to evaluation. The opening remarks to the 

section state: 

Evaluation is a tool for implementing the 'standards' 
and effecting change systematically. The main purpose 
of evaluation, as described in these standards, is to 
help teachers better understand what students know and 
make meaningful instructional decisions. The focus is 
on what happens in the classroom as students and 
teachers interact. Therefore, these evaluation 
standards call for changes beyond the mere 
modification of tests. (p. 189) 

with these remarks as a basis for thinking about the 

formation of staff development programs, this review turns 

to models of in-service currently in operation. 
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Induction as a first step. It has often been said 

that teacher preparation is inadequate and does not 

adequately equip novices for classroom practice (Flodden & 

Klinzing, 1990; Lortie, 1975; Ronning, 1990; for example). 

Various researchers have written their thoughts about 

starting out in the classroom. Lampert and Clark (1990) 

suggest that novice teachers learn from experienced 

teachers as they work side by side in a school setting. 

Expert teachers, according to Shulman (1987), have 

knowledge, skills, and understandings about teaching. 

Lortie (1975) points out that teachers often struggle 

privately with problems and anxieties, that there is a 

factor of uncertainty in the act of teaching, and that 

there is no place for sharing or discussion with fellow 

teachers. Ronning (1990) and Flodden and Klinzing (1990) 

think that the body of unrelated knowledge about teaching 

gained from a pre-service program may be virtually 

worthless to a teacher as he or she tries to apply it to 

contextual situations that vary with the type of students 

in the classroom, the topic, or both. 

There are therefore numerous places to start in a 

staff development plan for teachers. Whatever the starting 

place, pre-service education should be looked at carefully. 

Addressing issues like anxiety, uncertainty, isolation, 

application of research, and professionalization should be 
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central in an initial plan. It is these very matters that 

induction plans for beginning teachers should (Henry, 

1986), and do address (Ninomiya & Okato, 1990), for it is 

during the induction years that a teacher begins to learn 

to teach (Borko, 1986). "The first year of teaching is 

especially important because of the significant impact it 

has on the development and character of a person's teaching 

career" (Borko, 1986, p. 46). 

School-university collaboration. In this section the 

term collaboration will be used synonymously with the term 

partnership to denote a working relationship between 

schools and universities. Both the Holmes Group (1986) and 

the Carnegie Forum on Education and the Economy ([Carnegie 

Forum], 1986) called for improved co-operative 

relationships between institutes of higher learning and 

schools. Later, in 1989, the Australian Association of 

Mathematics Teachers ([AAMT] , 1989) published a review of 

Australian mathematics education and state that any program 

addressing the needs of teachers in the field must involve 

an active partnership among employing authorities, higher 

education institutes, and professional associations. 

Such relationships are usually constructed under the 

premise that both the school educators and the university 

educators must share in the setting of objectives, as well 

as in carrying out the activities (Brookhart & Loadman, 
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1990; Sirotnik, 1988; Hord, 1986; Tikunoff & Ward, 1983). 

The actual conceptualization of the collaboratives can, 

however, vary widely. Sirotnik (1988) thinks of them as 

"nothing short of a major reconceptualization and 

reconstruction of both teacher (and administrative) 

education in colleges and universities and the conditions 

and circumstances of education in schools" (p. 186). On 

the other hand Chamberlin (1989), suggests that school

university relations are not in the area of broad radical 

reconstruction for he believes that such change also 

involves political and financial aspects beyond the scope 

of school-university relations. Consequently his 

conceptualization is that the relations are in the area of 

"smaller scale practical reforms" (p. 70) that will not 

necessarily solve societal problems but that can make a 

"positive contribution to children's growth" (p. 70). 

The actual impetus for beginning a collaborative 

effort can come either from the teachers in the schools or 

from the university. In either case, involved teachers 

feel that they have something to gain from the relationship 

in terms of improving instruction and schooling (Clift, 

Veal, Johnson, & Holland, 1990), and the university 

educators are placed in a reflective and critical role as 

they think about teaching and learning in schools (Clift et 

al., 1990; Sirotnik & Goodlad, 1988). 
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Co11aboratives can vary in the activities that they 

encompass from just a single focus to a multi-dimensional 

array of activities. For example, the Stanford Schools 

Collaborative (Carter, 1991) provides a variety of 

opportunities for partnerships between the university and 

the local school districts with the objective of improving 

learning in the schools. The components of the Stanford 

Schools Collaborative are: 

1. A professional development center. 

2. Round-table discussions and forums. 

3. A small group interest program. 

4. A computer bulletin board. 

These various avenues model decision making, develop 

leadership, and encourage and strengthen networks. 

At the other end of the scale are collaborative 

efforts that have but a single focus. At Brigham Young 

University, for example, a collaborative effort is involved 

in the development of a new masters degree program in 

educational administration (Williams, 1988). It is built 

on a mentorship model where students in the program have a 

working principal as mentor and concurrently have weekly 

meetings with university faculty. 

Haimo (1991) describes a school-university 

relationship that came about as the result of poor 

performance by students and discussion among educators of 
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students' non-mathematical thinking. The relationship is a 

four-part program involving a group of high school 

mathematics teachers selected each spring and interested 

university mathematics faculty. The program is intended to 

enhance the mathematical background of the teachers and to 

expose them to a wide range of applications of mathematics. 

Sessions are conducted at the University of Missouri in the 

following sequence: 

Part 1 consists of a four-day spring session involving 

thinking (in a mathematical sense) about non-routine 

problems. Challenging problems are presented to the group, 

and members are encouraged to discuss them with one another 

and help each other with difficulties. 

Part 2 is held in the summer following the spring 

session and takes place over a lO-day period with each day 

devoted to a visiting lecturer who presents an actual 

project that involves mathematical techniques. As a 

complement to each presentation, university mathematics 

faculty members introduce and develop pertinent mathematics 

and related applications. Visitors who have been invited 

to speak at the summer sessions include: 

A urologist who spoke on the lithtripter; a highway 
patrolman who spoke on accident reconstruction; an 
airport engineer who spoke on the removal of asbestos 
from the Lambert st. Louis airport ceiling; a 
meteorologist who spoke on weather prediction; a 
political scientist who spoke on the free rider 
problem; a food packing expert who spoke on the most 



economical way to pack frozen chickens; and a 
sociologist who spoke on designing surveys to 
determine a characterization of alcohol users and 
teenage suicides. (Haimo, 1991, p. 4) 

Part 3 involves a project. Teachers research and 

write about a mathematical application, incorporating a 

classroom component into their report. 
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Part 4 is a follow-up component. Teachers are 

required to send the university reports of the applications 

that they introduce into their courses. The university 

faculty involved in the program make visits to the schools, 

by arrangement, to go into classrooms where applications 

are in progress. In addition, there is an expectation that 

teachers involved in the program will remain in contact 

through some form of network, and that they will act as 

promoters of the involvement of applications in the 

mathematics classroom. 

Haimo reports that teachers continue to incorporate 

applications into their classes after they have completed 

the program and that they feel good about what they are 

doing. For one thing, they report a feeling of greater 

confidence in themselves as teachers and in their 

mathematical ability. 

In the formation of school-university relations there 

are several problems that are difficult to overcome and 

consequently have bearing on the outcomes of such 
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relationships. First, the university evaluation and reward 

system for its faculty may not recognize time spent in 

working with schools (Brookhart & Loadman, 1990; Sinclair & 

Harrison, 1988). Second, some universities feel 

comfortable in their existing traditional roles and are 

reluctant to change, yet at the same time they expect the 

schools to change (Sinclair & Harrison, 1988). A third 

factor is that university professors and school teachers 

are likely to be at opposite ends of a practice-theory 

continuum of education (Brookhart & Loadman, 1990) and such 

a spread may lead to unrealistic expectations by both 

parties. The differences between the two bodies was 

perhaps best relayed by Hargreaves (cited in Watson & 

Fullan, 1991) when he referred to schools as the "world of 

commitment" and universities as the "world of questioning." 

History has not shown school-university relations 

capable of solving all of education's problems (Goodlad, 

1988), but there are encouraging reports, like that of 

Haimo above. Case studies, according to Sirotnik and 

Goodlad (1988), suggest that development towards a new 

vision is difficult but that focussed efforts appear to 

turn out positive. Olsen (cited in Benton & Hoyt, 1990) 

reports some initial impact of the Holmes Group (1986) and 

Carnegie Forum (1986) reports, with linkages being formed 

and more that are planned. Schlechty and Whitford (1988) 
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state that, until "those who prepare educators and those 

who practice in the field are bound by a common culture" 

(p. 203), little progress towards change will be made. For 

meaningful and worthwhile change to occur, then, this 

common bonding must become the focus of school-university 

collaboration. 

Teaching centers. The teaching center is a school 

within a school district that is often modelled after 

Goodlad's (1984) notion of a key school. Goodlad envisaged 

key schools as linked to universities with a mandate for 

developing programs and evaluating practices already 

operational. He saw them disseminating information to 

teachers but not being actively involved in the 

implementation process. Part of the mandate of teaching 

centers is often staff development (Guyton & McIntyre, 

1990). If such is the case, the possibility of integrating 

theory and practice is greater than in either a university 

setting or in a regular school. In the united Kingdom, 

workshop style staff development is often conducted at 

teaching centers (Holly, 1989), and there is thus the 

possibility of teacher discussion and interaction (Thiessen 

& Kilcher, 1991). Neff (1990) cautions, however, that, 

although teaching centers can give direction, often as not 

their research base is low. 
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Networks. Regarding in-service for mathematics 

teachers, Cockroft (1982) wrote that any improvement in the 

standards of mathematics in schools must come about largely 

as a result of the efforts of those teachers who are 

already in posts as teachers. Just talking about theory, 

practice, and goals of education can be helpful and 

appropriate (Buckman, 1985). Releasing teachers from their 

isolation is regarded by Hargreaves and Dawe (1990) as 

beneficial for teacher collegiality, which they consider an 

essential pre-requisite for enduring educational change. 

Essentially, teacher networks are lines of 

communication that teachers create to facilitate the 

exchange of ideas and strategies, the discussion of 

issues, the dissemination of research, and the building of 

a community of inquiry (Lord, 1991). An additional feature 

that often accompanies a teacher network is an association 

with outside agencies, such as a university, a business, or 

a community group. In these the association is often 

instrumental in promoting intellectual renewal for teachers 

(Lord, 1991). 

Networks associated with the Foxfire movement in 

Georgia (Smith, 1991) are set up to refine the theory and 

practice extolled by the promoters of the movement. In the 

Foxfire program, teachers first attend a course that models 

a student-centered approach to teaching that has a 
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community-based, hands-on philosophy. After taking the 

course, teachers are assigned to a network that has an 

organizer who oversees the teachers' growth in their 

approach to instruction and their development of leadership 

skills. smith reports that these networks are interwoven 

with the education establishment on matters of curriculum 

and staff development and that they are not places of 

gossip but institutes of professional growth. Eingarten 

(1990) found, in an experiment to test observational 

learning, that teachers who saw models of practice 

demonstrated were significantly more likely to implement 

suggestions than teachers who received the information 

verbally. Thus it would appear that the approach used by 

the Foxfire movement to disseminate information relating to 

its program of learning and teaching may in fact be headed 

in the right direction. 

The teacher and research. One factor noticeably 

absent from the discussions relating to models of in

service education is the place of educational research. 

Teachers are not directly involved in the process of 

research or with the findings that result, except in an 

indirect way. Cogan (1975) says that teachers need to 

discipline themselves to read and think about research 

while in actual practice. Ben-Peretz et al. (1990) 

question the framework of current in-service courses. They 
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think that they are too limited and still address teachers 

as passive consumers of knowledge. They suggest that 

teachers may well be interested in research, as do Simon 

and Schifter (1991) who have developed an in-service 

program at Mount Holyoke College to guide teachers through 

a process of thinking about the nature of mathematics and 

the way it is learned, as a basis for beginning to think 

about approaches to teaching the subject. 

An interesting place to start a staff development 

exercise around the notion of thinking about teaching would 

be a consideration of Calderhead's (1991) review of the way 

in which various researchers have interpreted Schon's 

(1983) notion of reflective practice. He found that 

Richardson thought of reflection as using knowledge and 

past experience to test new interpretations in action, that 

Cinnarnard and Zimpher emphasize reflection through a 

community of teachers in a network sense, and that Ross 

thinks reflection needs to be taught. 

Tikunoff and Ward (1983) wrote about collaborative 

research on teaching as follows: 

By including research consumers in inquiry intended to 
resolve their problems, there is greater likelihood 
that the results will be used. Collaborative research 
is more likely to be appropriate to instructional 
improvement primarily because, through participation 
of the research consumer, it is more likely that the 
complexity of the classroom will be realistically 
represented and accommodated. (pp. 454-455) 



They listed elements they considered essential in the 

process of collaborative research: the practitioners and 

researchers must work together all through the process, 

including the implementation phase, a concept endorsed by 

Gifford and Gabelko (1987); and there must be mutual 

respect and understanding among the participants. 
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Magdelene Lampert has demonstrated another way in 

which teachers may become involved in research: that is to 

conduct the research in their own classrooms as a teacher

researcher. One such program she embarked upon was a year 

long program to investigate whether knowing mathematics in 

the classroom could be made to be like learning mathematics 

in the discipline (Lampert, 1990b). She deliberately set 

out to move away from the teacher stance as "knower of 

truth" and into a mode where students were involved, as 

much as possible, in discussion of ideas, revisions of 

proofs, and development of the tools of mathematics. She 

refers to her methods as "cross country" mathematics (p. 

41) where she moves around the mathematics territory with 

the students in the pursuit of learning. She reports 

having students mindfully engaged in mathematical activity 

and that it is possible to have students do mathematics in 

the classroom in a way similar to that experienced outside 

the classroom. 
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In all of the above models for staff development and 

in writings about teacher development, there is almost 

consensus that any programs for professional development of 

teachers must involve the teachers as key players in the 

arena--as planners, organizers, and participants (Cole & 

Thiessen, 1991; Fey, 1978; Fullan & Connelly, 1987; Neff, 

1990; Sarason, 1982; Schlechty, 1988). Often the concerns 

about schooling originate outside the classroom; as a 

result innovations have developed outside the classroom 

(Hall & Hord, 1987). It has been the out-of-school 

educators who have set priorities, determined directions, 

allocated resources, established policy, created 

structures, sponsored activities, and made decisions that 

provided a context for teacher education (Thiessen & 

Kilcher, 1991). It is now time to reverse the trend. 

Cole and Thiessen (1991) maintain that the conceptual 

base in the area of in-service is generally undeveloped 

and, as a result, innovations are not embedded in a wider 

framework. Therefore, they claim, in-service has not had 

much of an impact upon the instruction in schools, nor has 

it led to any sUbstantive change in education. Projects 

are adopted that are not intrinsically related to the 

educational needs of a particular school, and innovations 

are implemented without being fully understood (Fullan, 

1991). As an example of the latter, Fullan (1991) says 
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that mainstreaming is an innovation that many absorb 

without fully exploring all aspects. Embedding programs in 

context then appears to be another necessary factor in the 

development of in-service education. 

staff Development and Institutional Bridges 

It is useful to thinlc of in-service activities in two 

segments. Hunt (1987) has suggested that there are those 

approaches that are inside-outside, beginning with the 

individual teacher and building up to suggestions for the 

larger educational community. Alternatively there is the 

outside-inside approach that begin with a theory which is 

exported to the practitioner. In the first segment there 

are individual and small group activities that teachers 

employ at the school base to develop their teaching 

expertise. Activities such as writing, self-evaluation, 

teacher as researcher, teacher mentoring (Cole & Thiessen, 

1991), practical arguments which are post-hoc examinations 

of actions (Fenstermacher & Richardson, 1991), and 

reflective practice (Schon, 1983) all fall into this 

classification. In the second segment are organizational 

activities that contribute to a teacher's development. 

These include courses at outside institutes, involvement in 

teacher centers, partnerships between the school and 

outside agencies, and conference and workshop involvement 

(Cockroft, 1982; Cole & Thiessen, 1991). As Lanier and 



102 

Little (1986) have pointed out, "Teacher education is 

practically everyone's ... responsibility" (p. 529). The 

spectrum of possibility for staff development is therefore 

extremely wide. 

The linkage of school development with staff 

development. Fullan (1991) and Joyce and Showers (1988) 

suggest that school development and the professional 

development of teachers are inextricably linked. How then 

does this linkage occur and what are the effects? Neff 

(1990) says that in-service provides an opportunity for a 

meshing of school development with staff development and 

that this meshing is achieved through the goals of the 

teachers and the goals of the institutions. In an 

interpretive review of the in-service education literature, 

Cole and Thiessen (1991) found there to be an emphasis on 

school-based, and teacher-centered in-service practices, 

which they describe as a complex model with individual 

development embedded within organizational development. 

They suggest that, within an organization that has a 

developmental stance, there will be nuclei around which 

staff development may occur. Such development may be 

manifested in collaborative efforts by teachers in solving 

problems, integration of different disciplines when 

teaching a common theme, or participation in reflective 

discussion. 
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Lieberman (1981) believes that improvement happens on 

two levels: the individual level and the level of the 

school as an organization. At the individual level, 

teachers adapt to change developmentally over a period of 

time and are motivated by a sense of personal efficacy. At 

the organizational level, concerns of teachers and school-

wide problems are aired, and context conditions prevail to 

the extent that ideas for improvement are favorably 

received and their incorporation encouraged. It is a 

'content-in-context' approach to staff development 

(Lieberman & Miller, 1990). 

Teachers who see themselves as part of a school in the 
process of change must also see themselves as part of 
a profession in the process of change. In that way 
the norms and values of the school become part of a 
larger social system, one that sustains improvement 
and encourages it. (Lieberman & Miller, 1990, p. 117) 

The bottom line is that neither improvement nor 

innovation is sustained unless there is a shared 

understanding of the purposes, rationale, and processes 

involved in the change under consideration (Fullan, 1982). 

staff development links to external institutions. As 

mentioned earlier, both the carnegie Forum (1986) and the 

Holmes Group (1986) suggested developing associations 

between teachers and external institutions to enhance 

teacher education. Whatever form these relations take, a 

systematic interaction between practitioners and scholars 
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is needed (Griffin, 1990). Such interactions will develop 

around a common theme, for example the concept of how 

children construct knowledge. Given such a theme, Fullan 

and Connelly (1987) point out that inter-institutional 

co-operation is required at both the policy and delivery 

levels. 

One factor that does emerge out of this discussion is 

that teacher education needs to be seen and valued by the 

academic community as a whole (Fullan & Connelly, 1987) and 

that research universities need to "modify their systematic 

priorities so that teaching and other instructional 

purposes and processes become actualized" (De Vitis, 1990, 

p. 274). Fullan and Connelly (1987) go so far as to say 

that, to be effective, teacher education needs to be seen 

and valued as a university-wide responsibility with the 

engagement of departments within the university in aspects 

of teacher education beyond involvement at the pre-service 

level. The American Association of Colleges for Teacher 

Education ([AACTE], 1989) even calls for universities to 

encourage international discussion and collaboration to 

bring about a global awareness of the importance of te~cher 

education. 

Summary 

Fullan et al. (1989) and Rosenholtz (1989) agree that, 

to enhance learning, teachers need to work collaboratively 
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from a sound knowledge base in an ongoing learning 

environment. As teachers increase their conceptual 

knowledge and become more able to connect their knowledge 

to lesson presentations, they should be able to improve the 

mathematical competence of their students (Leinhardt & 

smith, 1985). 

Many of the directions being formulated involve the 

universities in expanded roles. Universities must become 

more involved in teacher education beyond the pre-service 

level, and the involvement needs to be expanded beyond 

courses mandated by the state, beyond skill development, 

and beyond straight content knowledge development (AAMT, 

1989; Cole & Thiessen, 1991; Fullan & Connelly, 1987; 

Holly, 1989). 

Now the question is 'How to get practicing teachers 

and university faculty together?' Sykes (1986) points out 

that teachers are reluctant to approach the university even 

though they may realize that the university is a source of 

knowledge and of people who can stimulate them. The reason 

he says is that the teacher does not see himself or herself 

as an equal of the university professor. Gifford and 

Gabelko (1987) suggest that one factor contributing to this 

feeling is anxiety teachers feel towards the statistics 

involved in research in the field of educational 

psychology. Griffin (1983) points out that there are "both 
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historical and current reasons for the 'expert' status 

conferred upon colleges and universities in relation to 

elementary and secondary schools" (p. 8), but adds that 

positive consequences could accrue to both institutions if 

their orientation becomes altered. Thus the key to getting 

the teachers and the universities together appears to be 

getting the universities to alter their orientation. 

Griffin (1983) suggests that trust, mutuality of interest, 

shared governance, and realignment of institutional 

purposes are critical factors. 

Several typologies exist under which various models of 

staff development could be classified (Eraut, 1987; Hunt, 

1987; and Miller & Seller, 1985, for example). Pertinent 

to this discussion is that, regardless of the labels 

present under each typology, the categories are 

distinguishable by the type of participation in which the 

teachers are involved (passive learners through creative 

agents), the nature of the professional learning (from 

transfer of normed data on teaching through generative 

learning as a part of a teacher's daily work), and the 

image of the teacher (from steward through teacher as 

reformer) (Cole & Thiessen, 1991). 

Regardless of classification, there are 

characteristics deemed essential for meaningful development 

to occur (Conley, Bacharach, & Baur, 1989; Fullan, 1991; 
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Griffin, 1986; Loucks-Horsley, Harding, Arbuckle, Murray, 

Dubea, & Williams, 1987). While some restrictions and 

qualifications pertain to the characteristics that authors 

list, it can be concluded that any program of staff 

development must be attentive to the needs of teachers in 

their practice in schools, it must be supported in an 

ongoing manner, and it must be developmental in nature. 

Conclusion 

On the mathematics front there is currently a 

directional change underway with respect to curriculum 

(Keynes, 1990). Teachers need to upgrade their knowledge 

and rebuild their confidence (Hadley, 1990). Content 

knowledge, knowledge of how learning occurs, and various 

models of instruction need to be examined in light of 

directions being explored in mathematics. Even though 

there is still a reluctance on the part of academic 

mathematicians to become involved in mathematics education, 

the American Mathematics society is seriously beginning to 

examine its role in education (Keynes, 1990). The 

evolution may be slow, but there appears to be a start and, 

as Griffin (1983) said, "creating institutional 

realignments can be powerful means toward accomplishing 

staff development objectives" (p. 9). 

On a final note, Richardson (1990) reminds us that it 

is important to think about changing teachers' practice in 
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the context of practice as activity embedded within theory. 

She believes that research should provide teachers with 

theoretical frameworks and ways of thinking about teaching 

that may be used to "heighten teachers' awareness of their 

own beliefs, provide content for their reflections, and 

help them develop their justifications" (p. 16). 



CHAPTER 3 

METHOD 

Overview 
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This study is qualitative in nature and follows the 

four phases of research outlined by Kirk and Miller (1986). 

These are invention, discovery, interpretation, and 

explanation. In this study the same four phases are 

manifest in the research design that guided the 

investigation, the data that yielded information, the 

understanding that resulted from the analysis, and this 

document itself which is a communication between researcher 

and reader. 

The study focusses not just on the teachers, but on 

all participants--university professors and high school 

mathematics teachers--and on the context of the 

communication and the environment of the interactions. No 

hypotheses were tested, and the study was approached with a 

receptiveness to the ideas and thoughts of all participants 

involved. 

A variety of methodological approaches was used, with 

interviews and observations forming the core of the data 

collection phase. The analyzed data were used to build a 

profile and a description of the context, including the 

subjects. The description thus developed yielded a 
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comprehensive understanding of the culture of in-service 

mathematics education at two particular sites. 

The work of Spradley (1979, 1980), Mishler (1986, 

1990), Novak and Gowin (1984), and Taylor and Dorsey-Gaines 

(1988) guided the enquiry methodologically. The ongoing 

analysis through constant comparison (Glaser, 1967) led to 

methodological refinements and adaptations over the period 

of the data collection and during the analysis phase. 

Setting 

Because this study is about the communication and 

interaction between university mathematics professors and 

mathematics teachers, settings with ongoing activities were 

selected, one in the u.S. and one in Canada. At Glendowie 

University1 in the u.S. there is a long history of 

interaction between the university and local schools in the 

field of mathematics education. In Canada, at the 

University of st. Heliers, the Faculty of Mathematics has 

developed a high profile through its interactions with 

secondary school mathematics teachers over a 25-year 

period. 

The two sites both complement and supplement each 

other. They provide a range of experiences and 

interactions. Their curriculum contexts differ by virtue 

1 Names of institutions, programs, and individuals have 
been changed. 
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of their location. Also the sites differ in their approach 

to in-service activities and in the reasons for beginning 

and continuing interactive programs. 

Participants 

University Faculty 

The study involved three university mathematics 

faculty members at each site as primary participants. 

Several other professors were contacted for additional 

resource material. The selection at each site was aimed to 

gain a cross section of university educators involved in 

work with teachers. Leadership, longevity, and activity 

were the three main considerations in the selection process 

with one of the three being dominant for each person 

selected. At one site there was a female faculty member 

involved in mathematics education, but as she had been on 

site for only one year she was not chosen as a primary 

participant. Therefore all of the university faculty 

selected as primary participants were males. The following 

guide was used in an attempt to gain some degree of 

uniformity across the two sites: 

1. One faculty member was chosen primarily for 

responsibility and leadership. At both sites one person 

carried more responsibility than any other person for 

activities involving teachers. That was the person 

interviewed. 
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2. A second faculty member was chosen for long-time 

involvement in activities involving teachers. At both 

sites the individual chosen had been involved for more than 

twenty years and, while still active in a minor way, had 

recently retired. 

3. The third faculty member chosen at each site was a 

highly active participant in activities involving teachers. 

In both instances the person chosen was active in more than 

one activity or program. 

High School Mathematics Teachers 

In each of the university catchment areas, three high 

school teachers currently active in in-service education 

programs within a university setting were invited to 

participate in the study as primary participants. As in 

the selection of university educators, a guide was used to 

maintain consistency. Again the three factors that weighed 

most heavily in the selection were leadership, longevity, 

and activity, with one of these criteria dominant for each 

teacher selected. Four female teachers and two male 

teachers were selected as primary participants. The 

following guide was used for the selection of teachers: 

1. One teacher interviewed at each site was selected 

for being highly active in activities related to 

mathematics teacher education. One of these teachers was 

pursuing a masters degree at the time of the study and 
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therefore was involved with the university in an additional 

capacity. 

2. The second teacher chosen at each site had a long 

record of involvement in activities related to mathematics 

teacher education. For both, the vast majority of their 

in-service work had been at the particular university under 

study. 

3. A teacher who had served in a leadership role 

within in-service education for mathematics educators was 

the third teacher selected at each site. Both of the 

teachers selected had administrative responsibilities in 

addition to being participants in an actual program. 

Data Collection 

Methods of Data Collection 

The methods used to collect data included the 

following: 

1. Informal interviews. Each of the primary 

participants were involved in at least one informal 

discussion situation with the interviewer at the outset of 

the study. These discussions centered around mathematics 

education and lasted from 15 to 60 minutes. Later in the 

study eight of the primary participants were involved in 

informal interviews for purposes of updating information, 

adding information to the data base, or further exploration 
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of ideas. These latter interviews lasted for between five 

minutes and one hour. 

In addition to the 12 primary participants, 11 other 

people were interviewed informally at various times 

throughout the study. All but one of these interviews were 

conducted in person: the remaining one was conducted by 

telephone. These other people were interviewed either for 

their overall knowledge of the programs and activities at 

one particular site or they were interviewed for a specific 

reason, such as to confirm a particular date on which an 

activity took place. Generally these interviews lasted for 

short periods of time although two of them lasted for more 

than one hour. 

2. Semi-formal interviews. Each of the 12 primary 

participants was interviewed in a semi-formal manner for an 

average of 90 minutes. Each participant was interviewed at 

a location that was comfortable for the person being 

interviewed. The interviews were guided by the underlying 

research questions, namely the beliefs that participants 

have about why university professors and high school 

mathematics teachers should interact, how dialogue began, 

what context conditions are believed to be present and 

their impact, and what outcomes result from the 

interactions. These interviews followed protocols 

developed for this study (see Appendices A and B). 
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3. observations of in-service activities. 

Observations of activities involving teachers and 

professors were made over an 18 month period. As the 

researcher, I assumed the role of participant observer 

(Spradley, 1980). The aim of observations was to find out 

"what was going on" by describing what I observed. 

Following Spradley's (1980) methods, the process of 

observation focussed on particular domains of interest, 

namely beliefs, the learning and teaching of mathematics, 

and the interactions among the participants. Approximately 

100 hours of observations were logged for data collection 

purposes. 

4. Collection of artifacts (e.g., brochures and 

flyers, textbooks, and materials associated with in-service 

programs). Artifacts were collected throughout the data 

collection phase. Much of the information pertaining to 

the actual structure of the programs offered by the 

universities was gleaned from this material as was factual 

data relating to the universities themselves. Through 

handouts that were distributed to program participants by 

both university educators and teachers, details of content, 

knowledge, learning, and teaching, as they relate to 

mathematics, were collected. 

5. Discussions with the participants about the 

findings. In all but two cases, discussions about the 
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findings were conducted in an informal manner; the two 

exceptions were readers. At each of the two sites one 

person was asked to read a written draft of the findings. 

Discussions with the readers followed and revisions were 

subsequently made to the draft. 

stages of Data Collection 

Interviews, observations of activities, and collection 

of artifacts took place concurrently over an 18 month 

period. The interviews were conducted according to the 

following pattern: informal, semi-formal, informal. The 

first set of informal interviews were introductory in 

nature, while the latter set were confirmatory in nature. 

The semi-formal interviews with the primary participants 

were conducted as close together as possible for purposes 

of reliability. 

A latter stage of the data collection process followed 

from the analysis of the data collected through interviews, 

observations and the collection of artifacts. There were 

unanswered questions, doubts, ambiguities, and insufficient 

information about certain themes and topics. People 

(including but not exclusively the primary participants) 

considered best able to shed additional light on these 

themes and topics were selected to participate in the 

latter stage of the data collection. Through talk and 
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questions about specific items, the data collected in this 

phase enhanced the data already collected up to that point. 

Analysis 

The analysis, following Glaser's (1967) constant 

comparison method, was ongoing throughout the data 

collection phases. This method combines a coding procedure 

with the generation of theory. 

If generating theory is the only goal, then the coding 

of data is not appropriate. Glaser suggests that a 

researcher interested solely in the generation of theory 

would review the material and inspect it for properties 

relating to the theoretical categories envisaged at the 

outset. Thus the theory would be reworked from time to 

time as a result of new evidence found in the data. 

On the other hand, a researcher wishing to convert 

qualitative data into an unrefined but somewhat 

quantifiable form to test an hypothesis would code the data 

first, then analyze it later. If the coding revealed 

characteristics related to the hypothesis, then the 

researcher might be in a position either to support or 

reject the hypothesis. 

In the method of constant comparison, the researcher 

combines the systematic coding of data with the development 

of theory. The theory rises from the data; the purpose of 

such an approach is to generate theory in a systematic way 
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that is "integrated, consistent, plausible, (and) close to 

the data" (Glaser, 1969, p. 218). 

In this study the data were coded and the generation 

of theory, a grounded theory (Glaser, 1978), accompanied 

analysis of the data. It was an orderly, rigorous 

approach. No quantification of data were attempted because 

it was not considered appropriate for this study, a study I 

consider to have overtones of ethnographic research. 

First, "hits" of data were coded into as many different 

categories as possible and then the bits within a category 

were compared. Theoretical properties for each category 

emerged; attempts to integrate the categories followed. 

The theory developed as I tried to make some sense of the 

relationships of the various categories. Also as new data 

were added, the categories and the analysis underwent 

processes of review and refinement. 

During the theory development, various delimiting 

features began to emerge. Changes to the theory became 

fewer and less extreme with the passage of time and the 

categories became fewer, both through integration and 

elimination. As the theory emerged I became committed to 

it, but at the same time it became restrictive as I looked 

at the categories to which I had reduced the data. 

Hammersley and Atkinson (1983) added an extra dimension 

that I considered worthy of inclusion in the process of 
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ongoing analysis, the concept of reflection in building a 

relation that involves data collection, analysis, and 

research design. While I did not find modifications to the 

design necessary, I did find the concept of reflection 

important as the process of analysis progressed. 

I kept research notes along the lines of the log kept 

by civil (1990). These notes recorded impressions and 

reflections of the design of the study, of the 

participants, and of me as the researcher. Through these 

notes I was able to build in the reflective element 

referred to above. 

Following the suggestion of Richardson (1990), I wrote 

as the data were collected, with drafts being written as I 

developed ideas and explored the analysis. 

Questions of Validity 

Smith (1987) has suggested a guideline for journal 

editors in their decision making about qualitative 

submissions. Her guideline has five components, namely: 

1. Completeness. 

2. Coherence and internal consistency of the account. 

3. Penetration and illumination of the subject. 

4. Plausibility. 

5. The creditability of the author. 

I found these criteria applicable to this qualitative study 

and, in conducting the research and writing the report, I 
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ensuring the validity of the study. 
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Completeness. Throughout the data collection phases I 

followed up unanswered questions and uncertainty with 

further discussions and extended questioning. I continued 

the process until I was satisfied with the connectedness 

and explanations I found. This addressed the completeness 

criterion. 

Coherence and internal consistency. It was my intent 

to unravel the dialogue between practicing teachers and 

university faculty. This document is written for an 

audience of teachers and researchers, including, but not 

exclusive to, the participants of the study. The report 

written in this manner addressed these criteria. 

Penetration and illumination. It was the intent of 

this study to delve into the culture of communication 

between university mathematics faculty and high school 

mathematics teachers and to illuminate it fully. Breadth 

was accomplished through the use of two completely 

different sites, and depth was accommodated by the variety 

of participants involved. This study is a detailed 

analysis of two sites where interactions among mathematics 

educators exist. 

Plausibility. This is a real study of real people in 

natural settings. As a solo researcher I collected the 
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data myself. The plausibility of the study rests with my 

integrity. 

Authorship. I believe that my case for authorship is 

solid. I have experienced in-service mathematics education 

first as a recipient, second as a teacher of in-service 

courses, and third as an administrator for in-service 

mathematics education. In addition, I have had an ongoing 

interest in both mathematics and education in three 

different countries over a 20-year period. Two of those 

countries were involved in this study. 

Questions of Reliability 

Social scientists have corne to recognize in recent 

decades that hypothesis testing is appropriate to only some 

of the questions they ask (Kirk & Miller, 1990). 

Qualitative methods, which are intrinsically exploratory, 

raise the question of reliability. Using the term 

reliability to mean the extent to which a procedure yields 

the same answer whenever and however it is carried out, 

this study was conducted in a manner in keeping with that 

definition. 

As the researcher, I approached each site as a 

participant observer. At both sites I collected data about 

the programs and the operations of the institutions before 

beginning the interviews and observations. I believe that 

another observer going to these sites with a background 
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same data. 
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The time frame in which I collected data for this 

study was kept as compact as possible. My aim was to make 

sure not only that programs being monitored were current, 

but that the same questions were asked of participants and 

that the overtones and contexts in which the questions were 

framed remained constant over the two sites. 

Following analysis of the data, I talked to persons 

familiar with the operations at each site and had them read 

my drafts. Changes and refinements occurred after 

questions of clarity and verification had been undertaken 

and satisfied. I have confidence in the reliability of the 

data collected for this study. 
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RESULTS AND ANALYSIS 
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This study was designed to investigate the patterns of 

interactions involving mathematics educators and to 

determine the conditions under which teacher development 

for high school mathematics teachers occurs in a context 

that focusses on best practice and that includes university 

mathematics faculty. Each of the two sites studied for 

this research is featured separately in this chapter. 

Historical notes followed by descriptions of the programs 

and profiles of the professors involved establish the 

existing baseline conditions. Next are sections on the 

reflections of the teachers and of the professors, a 

depiction of the context conditions that prevail, and 

delineations of the outcomes of the interactions. Each of 

these sections is accompanied by analyses of the data. 

General comments relating to the two sites conclude the 

chapter. 

The Southwestern site 

The setting 

Glendowie University is a public institution situated 

in a moderately sized city in the southwestern united 

states. It serves a wide geographical area and the nearest 

other public university is located 90 miles away. The 
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enrollment of the university is approximately 37,000 

students, and there are more than 1,600 full-time faculty 

members. 

The academic calendar of Glendowie University is 

organized on a two-semester system with the first semester 

running from August to December and the second from January 

to May. Beginning in early June there are two five-week 

summer sessions, the first of which is preceded by a three

week pre-session. The local school boards and the 

university have a cornmon starting date in August, and 

schools are not in session during the university summer 

sessions. 

The mathematics department of the university is housed 

in its own building with a full-time faculty of 65 members, 

adjunct lecturers numbering 47, and a complement of 70 

graduate assistants. In any given semester there are 

approximately 7,600 students enrolled in courses offered by 

the mathematics department, and these students are taught 

in about 330 sections with an average enrollment of 23 

students. The department offers graduate programs in pure, 

applied, and computer mathematics that lead to the Master 

of Arts, Master of Science, and Doctor of Philosophy 

degrees with a major in mathematics. In addition, the 

department offers the same degrees with a major in 

probability and statistics. A Doctor of Philosophy in 
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offering by the department of mathematics. 
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The field of mathematics education in the department 

of mathematics is served by six faculty members, two of 

whom devote 100 percent of their time to mathematics 

education. 

Historical Overview 

Current developments in mathematics education within 

the mathematics department at Glendowie University, and 

interactions between mathematics faculty and teachers in 

schools, can be traced to Professor Davidson who carne to 

Glendowie University in 1953 on a joint appointment to the 

mathematics department and the College of Education. Soon 

after his arrival he created a mathematics course designed 

specially for future elementary school teachers. This led, 

through his involvement as a member of the mathematics/ 

science education committee, to the introduction of a 

comprehensive package of 15 units of coursework in 

mathematics and science that prospective elementary 

teachers had to include in their programs. 

In 1959 Professor Davidson received his first National 

Science Foundation grant to develop and offer courses for 

returning elementary and secondary school mathematics 

teachers. He continued work in this area for 16 

consecutive years in addition to being involved with 



126 

several other projects on both national and regional 

levels. Another of his innovations was a competition for 

junior high school students. As teacher, advisor, and 

supervisor, Professor Davidson visited many schools over 

the period of his tenure and set the stage for the 

interrelationships and developments that followed. 

Standards. In the late seventies concern about 

standards in mathematics among first year students became a 

significant factor at Glendowie University. This concern 

led to a few mathematics professors becoming interested and 

involved in outreach programs to schools. The purpose of 

these outreach programs was to talk to students. There had 

been a period of growth in universities generally, and 

various majors were demanding more mathematics as part of 

their programs. It was found that students were arriving 

at Glendowie University unprepared for the mathematics that 

they had to take. A small group of professors went to the 

schools to offer guidance to teachers and students about 

what to expect and what programs might best fit the needs 

and preparation of the students. They found that advice 

was being given by any number of non-mathematicians 

concerning what mathematics courses a student should take 

at a university. Often the advice bore no relation to the 

capability or preparedness of the student being given the 

advice. 
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Professor Adams, one of the professors who 

participated in this outreach program, met with the 

president of the university at the time the outreach 

program was in progress. He recalls the president 

remarking, "Professor Adams, I get more complaints about 

the math program than any other program in the university. 

Do you think we could do something about it? I ought to 

give you some money to do something." Professor Adams 

recalls being astounded at the suggestion. In actual fact 

some money did subsequently corne to the mathematics 

department for the investigation and development of ways to 

alleviate the problem that the university was experiencing. 

In retrospect, Professor Adams believes that the money was 

forthcoming because the university saw such a project as a 

means to raise standards within the university and at the 

same time generate research. 

This "presidential" money was instrumental in helping 

the mathematics department develop, through appropriate 

research, a placement test to help students in their 

selection of an appropriate mathematics course when they 

began their studies at Glendowie University. A derivative 

of this test is still used today. Before the placement 

test was instigated as part of the entrance procedure at 

Glendowie University, the mathematics department spent 

considerable time and effort informing teachers, guidance 
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counselors, and students about the test: what is was for 

and why it was important. 

The development of contacts. From the communication 

about standards and preparedness of students, another 

factor emerged in the development of interactions between 

the university and the teachers. Professor Adams began a 

newsletter that went to high school mathematics teachers. 

It carried information about happenings on campus thought 

to be of interest to teachers. 

About the same time, in the late seventies, a 

professor-student friendship led to a travelling exhibit 

that went around to schools. Professor Adams recounts the 

experience as follows: 

In one of the courses that I taught, we generated a 
lot of models. One of my students, that I became 
friendly with, became a teacher at Timmond High and we 
put together an exhibit of the models and took it to 
the county fair. It sort of evolved that we began 
taking it to other schools. The eventual evolution 
was that we were taking this thing to all the schools. 
That was sort of exciting and it was another way 
that I got to have contact with other teachers. 
They'd give us feedback. It was a very good 
experience for me in that it was a service that the 
university could provide without any strings attached. 

This exhibit is the same vehicle that a teacher from one of 

the local school districts recalls as the most significant 

factor in her initiation of a relationship with mathematics 

professors at Glendowie University (Beatrice in this 

study). 
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The most significant event, in terms of the University 

making contact with the schools and formulating its 

outreach program, was the Copper Math Project. This began 

in 1980 when people from business, industry, schools and 

the university got together to determine ways to keep 

students interested in mathematics and to give them 

opportunities to see the connection between mathematics and 

the real world. Committees were formed to look at the 

needs of particular groups of students. For example, there 

was an elementary committee, a gifted committee, and a 

junior high committee. Each of these committees worked for 

six months and then brought recommendations forward to a 

central committee. 

Over the next four years, 1980-1984, various 

activities evolved. Some involved teachers and some 

involved students, but all had the central focus of helping 

students in the learning of mathematics. The greater 

community of Glendowie University was involved, with many 

local businesses and local industries funding projects that 

varied from one-to-one tutoring of students to scholarship 

programs for teachers. The programs and contacts that 

resulted from the Copper Math project provided the 

foundation for current interactions between the university 

professors and local teachers of mathematics. Many of the 
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contacts established during the Copper Math Project are 

still part of the network of interactions in place today. 

According to Professor Krang, one of the professors 

instrumental in the development of the Copper Math Project, 

the period in the early eighties was a time of 

"pioneering." 

consuming . 

He recalls it as "very difficult and time 

absorbing a lot of energy with small 

dividends." He does admit, however, that these small gains 

were instrumental in establishing credibility and 

eventually led to success in winning large grants for the 

establishment of programs in mathematics education such as 

those in operation today. 

Summary. The concern about standards and the 

development of the Copper Math Project had a profound 

effect upon the development of interactions and programs 

that followed. Figure 2 shows in diagrammatic form the 

unfolding of interactive endeavors (see Appendix C). It 

summarizes the sequence of events leading to today's 

programs. 

Current Programs 

At the present time there are four programs in 

operation that involve mathematics teachers and university 

mathematics professors in an interactive mode. One program 

is designated specifically for middle school mathematics 

teachers, one for both middle school and high school 
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mathematics teachers, and two for mathematics teachers in 

general. All four of them involve coursework at Glendowie 

University as part of their design in that participants are 

required to teach or to take courses at the university. 

The Math-C Program. This program is funded by a grant 

from the National Science Foundation and is sponsored 

jointly by Women's Studies and the Department of 

Mathematics. A general description as found in the 

brochure advertising the program is as follows: 

Math-C is designed to help middle school mathematics 
teachers (grades 6,7,& 8) develop new approaches to 
Mathematics education and to encourage students' 
interest and achievement in Math, particularly girls' 
and minorities'. Courses will stress the use of 
microcomputers as problem solving tools, the 
connections between math and both real world 
situations and job opportunities, and methods to 
increase the participation of girls and minorities in 
math courses. 

There are four courses in this program namely, 

Microcomputers in School Math, Using Math in the Real 

World, Encouraging Students in Math, and Revising the 

curriculum. 

Each year 30 teachers are involved for a three-week 

period of intensive coursework during the summer. In 

addition, a two-day workshop is held at the University 

during the following school year and teachers are expected 

to participate in in-service presentations to other 

teachers throughout the year. Selection of teachers to 
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participate is prioritized on the basis of teaching 

experience (three years minimum) and strength of background 

in mathematics. When making application to the program, a 

teacher is required to submit a letter explaining his or 

her interest in the program and also a letter from a 

supervisor which not only serves as a recommendation for 

the teacher but also conveys statements of support for 

curriculum revision and in-service, assurances that micro

computers will be available for the teacher's use at the 

conclusion of the program, and promise of release time for 

follow-up activities. 

By making the application this comprehensive, the 

university is laying the groundwork and support for 

teachers to implement their new knowledge in the classroom 

and to encompass changes in their practice that might 

result from the interactions they experience. 

The in-service educators for the Math-C Program are 

five in number: usually one mathematics professor and one 

mathematics education professor (both from the department 

of mathematics), one mathematics teacher from a local 

school district, and two mathematics instructors from a 

local community college. 

At the conclusion of the program participants are 

awarded four hours of graduate credit. In addition, 



various expenses are covered including housing, meals, 

tuition, materials, books, and travel. 

The NAPIER Program. This leadership and training 

program, like Math-C, is funded by a grant from the 

National Science Foundation. The general description of 

the program as found in the advertising brochure is as 

follows: 
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NAPIER is a four week summer institute together with 
academic year follow-up activities. . • . The 
Institute will focus on problem solving in the 
classroom, the use of micro-computers and programmable 
calculators in the teaching of mathematics, and how to 
integrate these into the curriculum. 

There are four courses in this program, namely Exploratory 

Problem solving, Calculators in School Mathematics, 

Microcomputers in School Mathematics, and Integration into 

the curriculum. 

There are 25 teachers involved each year and they are 

selected to represent junior high and high school teachers 

in the catchment area of the university. As with the Math-

C Program, there are requirements of support from the 

school districts in terms of computer and calculator 

hardware being made available for the participants to use 

in their classrooms following completion of the program and 

for release time to attend workshops throughout the year. 

The in-service educators in this program number eight: 

usually one College of Education mathematics education 
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professor, five mathematics department professors, three of 

whom are mathematics education professors, and two teachers 

from a local school district. 

Teachers in this program receive six graduate credits, 

free tuition, daily lunch, and a $1,200 stipend. 

The Entry-Level Program. This is a program that the 

mathematics department of Glendowie University operates to 

attract teaching staff for its freshman classes. The 

courses taught under this program range from intermediate 

algebra to calculus. Appointments are made for one year 

with an option to renew. Both part-time and full-time 

positions are available, the part-time positions being 

available in the late afternoon and evenings. There is an 

expectation that these appointments will not be long-term; 

this enables the university to circulate teachers through 

the program where the emphasis is on teaching, with no 

expectation for research. 

The Collaborative Teacher Program. This program 

consists of an arrangement between one of the local school 

districts and the university whereby six teachers under 

contract to the district come to the university for one 

academic year. During the year that they spend at the 

university these teachers have two major responsibilities. 

First, they are required to attend mathematics classes as a 

means of developing their content matter knowledge. They 
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attend classes of their own choosing at any level. Courses 

may be taken for credit and may count towards a degree 

program. 

The second responsibility of the teachers in the 

program is to teach freshman classes in the Entry-Level 

Program, details of which are given above. Generally the 

expectation is that a teacher's time will be evenly divided 

between the teaching of courses and the taking of courses. 

Again there is no expectation of research outside of that 

required in courses in which a participant may be involved. 

Summary. These four programs all involve teachers 

coming to the university to participate in mathematics 

teaching and learning. Together they are the current 

vehicles among university mathematics faculty and school 

mathematics teachers in the catchment area of Glendowie 

University through which new interactive patterns develop 

and existing relationships continue. 

The University Professors 

There are several mathematics professors in the 

department of mathematics who take an active interest in 

the interactive programs that involve teachers. The two 

professors who work full-time in the area of mathematics 

education within the mathematics department both have 

doctoral degrees in mathematics education. Professor 

Davidson, who is in semiretirement, also has a doctorate in 
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mathematics education. None of the other members of the 

mathematics department who take an interest in, or have a 

responsibility in, mathematics education have any formal 

training in the field. All have come into the arena 

through personal interest or by some unusual turn of 

events. 

In collecting data for this study, three professors 

were interviewed in depth and several other professors were 

observed in classroom settings. Further still, casual 

discussions occurred between the researcher and various 

professors. For purposes of analysis, all the data were 

considered, but the focus given is on the three professors 

who were interviewed, namely Professor Davidson, the 

gentleman who is in semi-retirement, and Professors Adams 

and Krang, both of whom hold doctorates in mathematics and 

have responsibilities in mathematics education. 

Initiation into teacher education. Examination of the 

background of the three professors gives a sense of how 

non-education majors came to be involved in mathematics 

education. 

For Professor Krang three factors were instrumental in 

his becoming interested in the field of mathematics 

education. First, he taught in an elementary school for 

two years. He describes the experience as something he did 

because it was available to him through the academic 
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qualifications that he held rather than something he did 

along a career path. He is not sure what effect this early 

teaching experience had on his later involvement in 

mathematics education. Second, the educa.tion of his own 

children led him to the belief that there was good teaching 

and not-so-good teaching, and generally it heightened his 

awareness of what the act of teaching involved. In his own 

words about teachers he says, "You can appreciate what they 

have to go through." 

The third factor for Professor Krang was being in tune 

with, listening to, and being aware of the students in his 

university mathematics classes. He describes them as 

having "difficulties in meeting even our lowest courses" 

and this difficulty translated into his interest in trying 

to improve the performance of students, particularly first 

year students. 

For Professors Adams and Hubble, two other 

mathematicians who take an active part in mathematics 

education, both came to be involved in the field by 

indirect methods. The head of the department of 

mathematics had shown more than a passing interest in some 

of the innovative work that Professor Adams had done as a 

graduate student. That and Professor Adams' experience in 

working with high school students over six summers led the 

department chairperson to offer Professor Adams a position 
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that included a teacher preparation component. For 

Professor Hubble it was an interest in teaching in general 

and special talent as a teacher that drew him to the field 

of mathematics education. 

It is worth pointing out that there are many members 

of the mathematics department of Glendowie University who 

give assistance in direct and indirect ways to programs in 

mathematics education. Some play a teaching role in the 

summer institutes whereas others show support through their 

personal endorsement of mathematics education programs. 

Focus of interactions. For the university professors 

interviewed--Davidson, Adams and Krang--three factors 

emerge as the foci of the interactions they have with 

teachers. These three are the goals of the programs, the 

students, and the teachers themselves. They see talk with 

teachers and talks to students as critical in the 

continuing interaction among mathematics educators. 

Although the three foci mentioned above are 

intertwined, discussion of them as separate units 

highlights their individual impact on interactions. 

1. The goals of the programs. The driving force that 

led to the current programs run by the university for the 

teachers was undoubtedly the unpreparedness of freshman 

students for the requirements of first-year mathematics 

courses. From the university professors' perspective, to 
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students in the field of mathematics is still the 

underlying driving force and a major goal. 
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Now that programs have been in operation for some ten 

years on a continual basis, other goals have emerged. 

Familiarizing teachers with the use of mechanical tools is 

one such goal. The university professors believe that the 

use of computers and calculators will enhance the learning 

and understanding of mathematics. In addition to 

incorporating these tools into the programs they have 

designed for interaction with teachers, the professors have 

embraced them in their own teaching at the university. In 

the in-service programs designed for teachers, computers 

and graphing calculators are utilized in a hands-on 

approach, and, once introduced, their use is thenceforth 

encouraged in all aspects of the programs, not just in the 

sections that deal specifically with these tools. 

Another emergent goal is to get students and teachers 

to think about mathematics as an entity, its usefulness in 

application to other fields, and its beauty unto itself. 

The notion of getting teachers to think beyond the 

situations that they experienced as learners in schools is 

part of this goal. The NAPIER Program has a problem

solving component that illustrates one of the ways 
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university professors approach the fulfillment of this 

goal. 

In the problem-solving component of the Napier Program 

each teacher is given a problem that he or she is asked to 

solve. The problems are not simple and are not of the 

textbook variety. Rather they are exploratory problems and 

may take many hours of work for the problem solver to come 

close to any sort of reasonable solution. The following is 

the introduction to exploratory problems as written by the 

professor who designed this part of the NAPIER Program: 

The following problems are suggested for the 
Exploratory Problems course. You will work on just 
one problem for three weeks. You may do a different 
problem from these if you get my approval. You may 
work alone or in groups of two or three. You must 
write up your findings and present them to the group 
during the third week. 

A list of 14 problems followed this introduction, one of 

which is given here as an example. 

If 10,000 numbers are arranged in consecutive order 
around the circumference of a circle and if every 
third is "killed," which number will be the lone 
survivor? 

This question, as was typical of all in the selection, is 

simple to comprehend., Finding the answer of 2,692, 

however, took the teachers who embraced this question a 

considerable amount of time. 

In making their presentation to the group, three 

teachers who approached this problem in the summer of 1990 
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told of the benefits they found in solving this problem. 

Their list, which turns out to be a list of problem-solving 

strategies, included the following: 

Patterns as a Problem-Solving Strategy; 

Logical-Critical Thinking; 

Deduction; 

Drawing Conclusions (based on many examples) ; 

Number sequences (Fibonacci, Pascal); 

Lists; 

Guess and Check; 

Palindromes. 

The teachers who solved the lone survivor problem thought 

about their own problem-solving techniques and in so doing 

either expanded their own horizons or at least thought 

about mathematics. 

Thus, through the specific elements in the programs 

offered, the university professors guide the teachers in 

their learning along well-defined lines. The goals, from 

the mastering of new technology to thinking about problem 

solving are both concrete and abstract. 

2. The students. The second factor that acted as a 

focus for the interactions between professors and high 

school teachers was the students. Whether talking about 

contacts with students or thinking about the ways in which 

students learn mathematics, they focussed primarily on the 
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students. An interesting observation in keeping with this 

focus is to note that all of the mathematics professors now 

involved with mathematics education have at some time 

worked with students at or below the high school level. 

As mentioned above, one of the goals of the 

interactions with teachers has been enhancement of the 

teaching and the learning of mathematics. What is clear 

from the data is that the interactions are designed to be 

of eventual, albeit second-hand, benefit for the students. 

Some of the earlier programs actually involved students. 

In the early eighties, for example, a tutoring program was 

set up with the aid of local businesses. Under this 

program teachers and students came together at the 

university. Professor Davidson recalls another program 

where students from local high schools were brought to the 

university for mathematics instruction. High school 

teachers were in attendance at the sessions; after the 

students left there was a discussion of how the students 

learned, what they learned, and how they could learn and 

understanding more effectively. 

Another facet of the focus on students is the 

attention that the university professors have given to 

special populations. There have been programs that have 

concentrated specifically on gifted students, on girls, and 

on minorities. They believe that these programs have 
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served these special populations well. Monitoring of the 

programs offered suggests that current programs are getting 

better at serving the needs of students in general and also 

diverse groups, such as girls, that have been targeted by 

various programs. 

By way of summary it is observed that the university 

professors are sensitive to the changing needs and 

shortcomings of students, and in the words of professor 

Davidson, "Our programs are to educate the teachers so they 

can educate the students." 

3. The teachers. As indicated in the last paragraph, 

there is a definite perception that the teacher is the" 

mediator or the middle person between the university and 

the students, and that through interactions among, and 

communication with, teachers, students will be better 

prepared for their university work. Early recognition of 

the inadequate preparation problems that students 

encountered upon entering the university led to direct 

intervention by the university professors. Programs 

evolved where students and teachers came to the university 

and also where the professors went to the schools. This 

period has now passed and the professors are channelling 

their energies into working with the teachers for greater, 

more widespread effects on the schooling of youngsters in 

mathematics. They feel that such efforts will have lasting 
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results. Professor Adams reported teachers returning to 

the university after having ~een involved in a summer 

program as saying, liMy classroom has changed forever. It 

has changed from a teacher center (teacher centered) to a 

student center (student centered classroom)." 

Coupled with this perception of the teacher as the 

mediator is a sense of co-operation and open communication 

between university personnel and teachers in schools. The 

following remarks by Professor Krang about the initial work 

on a project illustrate this sensed co-operation and 

communication. "There was a group of core people with whom 

I shared drafts and call(ed) upon to critique ... and we 

continually revised. . " In a similar vein Professor 

Davidson remarked that he had experienced "a lot of co

operation from the teachers." 

Through working together on projects where teachers 

are part of the team instigating and carrying out programs, 

the university professors sense that they have come a long 

way in terms of helping teachers. This involvement has 

brought the two factions closer together and the professors 

now consider the teachers as their colleagues. It is to be 

remembered, however, that current programs in mathematics 

education at Glendowie University are all programs that 

have been instigated by the university, are conducted at 

the university, and involve teachers directly in learning 
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situations. The university personnel, while admitting that 

they are learning about teaching and recognizing that their 

own teaching has changed as a result of the interactions, 

are not involved in the same kind of direct learning 

situation. For them the learning is incidental. 

In terms of the professional growth of teachers, the 

university professors think that initially changes in the 

way teachers thought about mathematics were not large 

enough to make any noticeable difference in the way 

students were taught. More recently, however, they sense a 

personal growth of a dimension large enough to impact on 

the way they teach. They hear teachers talking to each 

other about the teaching of mathematics and about the way 

they are changing their practice. In reporting how 

teachers were responding to current programs, Professor 

Krang said: 

Most of the people . • • actually experienced for 
themselves the learning and the growth and I think now 
that they (will be) able to impart that (knowledge). 
. . . Before (this year) the individuals made slight 
progress but not very far. Not far enough, I think, 
to have impacted upon their students, whereas now I 
think that they've got far and I think they will 
actually use it with their students. You can see them 
making plans already as they hand things up. They're 
saying "Here's what I'm going to do with my students." 

Seeing teachers going through this change process the 

university professors are sincere in their efforts to help 
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needs. 
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In summary, the focus of the interactions from the 

university professors' perspective was on the goals of the 

programs, keeping in mind, all through the introspection 

process, the students who are to be the eventual 

benefactors and the teachers who are the people who will in 

effect give the power to the students. 

Beliefs. There are four beliefs common to the 

professors interviewed. It is these beliefs that influence 

other members of the academic faculty in terms of their 

becoming involved with teacher education programs. 

1. Interaction. There is a definite feeling that 

interactions between teachers in schools and university 

professors are worthwhile. Two particular activities were 

noted by all professors interviewed, namely visits to 

schools by professors and the program that brings teachers 

into the university setting for one year to teach first 

year mathematics classes. As Professor Davidson said, 

"It's always great to keep in touch with reality, not just 

sitting in (at) a desk: see what's out there." The same 

was thought of the Entry-Level Program in that the 

professors endorsed the program that brings school teachers 

to the university where they can see for themselves 
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firsthand vlhat the s·tudents have to face at the university 

level. They believe that interaction is paying dividends. 

2. Math for all. A second commonly held belief is 

that the programs that bring teachers and professors 

together are for the benefit of all students. The original 

programs involving tutoring of students and special classes 

for students about to enter university have been replaced 

by programs for teachers in the belief that more students 

thereby can be reached. The original motivation was to 

better equip the students who were corning to the university 

to take mathematics, but there has been a shift away from 

that focus to one that concerns itself with the advancement 

of mathematical understanding by students in general. As 

Professor Davidson recalls, "All of the fancy programs, 

modern math ... etc., were all for the better students." 

In tandem with this belief of "math for all" is the 

belief that something special needs to be done for females 

and minorities. There are current programs, and there have 

been programs in the past, that cater especially to these 

two groups. The professors involved in these programs 

firmly believe that they have made a difference. Professor 

Adams speaks of it this way: 

It started in the early seventies with the problem of 
how do we get more girls in the program. And they 
created a program called Math for Girls. I think they 
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realized, or they felt, that girls needed to be taught 
math separately, so they developed this program •••• 
In our own program (The Math-C Program) we know what 
it does to girls and minorities; it does change their 
attitudes very significantly. 

The result of several years of involvement is giving 

the mathematics professors the opportunity to reflect upon 

their involvements in mathematics education to the point 

where they have refined programs and believe that they are 

serving their targeted audience, the students, well. 

3. Philosophies of mathematics and mathematics 

teaching. Not surprisingly the professors do espouse 

various beliefs about mathematics and philosophies about 

how to teach the subject. The significant factor, however, 

is that there is an openness surrounding their beliefs. 

They are willing to listen to new arguments and different 

ideas, and admit to changing their beliefs, albeit slowly. 

Professor Hubble, for instance, said, "I have tried to 

change my teaching style in the lecture. Teachers do not 

lecture. I've seen, for example, how well they use their 

time, how much they get out of their time. . They 

influence me." He has come to think about how he teaches 

and although he admits to not being able to change his 

style all that much, he reflects upon his practice and is 

open to the idea of change. 

Professor Davidson also recalls undergoing a change in 

the way he thought about the teaching of mathematics, 
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particularly fractions. He recalls being refreshed and 

motivated after being introduced to the use of 

manipulatives particularly as he thought about teaching 

students for whom mathematics was a sequence of meaningless 

rules to be followed with no rationale. 

The concepts of teaching for understanding and making 

mathematics meaningful were two commonly expressed beliefs. 

While no one professor elaborated upon these concepts, the 

hidden meaning was that they believed that much of 

mathematics was still taught in a rote memorization manner 

and that to involve students in more meaningful activities 

would be beneficial to their overall understanding of the 

subject. This expression of meaningfulness was also found 

in remarks that called for educators to pay more attention 

to the interrelations between mathematics and other 

subjects, particularly science. They espoused a closer 

link between the two subjects. This may prove to be more 

difficult than they imagine because, as Romberg and 

Carpenter (1986) report, the components of mathematics 

itself, for example Algebra, Trigonometry, and Geometry, 

are often taught as separate entities in the mathematics 

classroom. 

4. positive attitude. To conclude this section on 

what university professors think about the interactions, it 

is to be noted that all of the professors involved with 
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mathematics education at Glendowie University exuded a 

positive attitude towards teachers and mathematics 

education in general. Comments such as "It was one of the 

most fabulous occasions I have ever had;" "It was great 

because I got to go out to schools;" "I enjoyed being one 

of the teachers;" "That was sort of exciting and it was 

anothE!r way that I got to have contact with other teachers" 

were commonplace among the professors and are indicative of 

the positive disposition that is so evident throughout the 

various interactions that professors have with the 

teachers. 

The professors expressed various personal beliefs in 

the discussions; these ranged from the use of manipulatives 

to beliefs about calculus, from the use of computers to 

skill building in computation. It is pertinent to note 

that, on an individual basis, firm beliefs were held about 

certain mathematical topics, and professors were set in 

their thinking about those topics. For other areas of 

mathematics the professors, individually, were open to 

change. It is the openness to change that is particularly 

noteworthy. 

The High School Teachers 

The various in-service teacher education programs in 

progress at Glendowie university are attended by a wide 

.cross-section of teachers in terms of their teaching 
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experience, age, gender, and location. While many of the 

programs are targeted for teachers in the catchment area of 

the university, there are some participating teachers who 

come from areas remote from the university. 

The teachers interviewed all live close to the 

university and all have experience working in some location 

other than his or her current place of employment. They 

had no common focus to their thoughts and perspectives on 

the interactions among mathematics educators. The subject 

of teaching did recur in discussions, but the focus varied 

primarily according to the length of time the teacher had 

been associated with the university and the degree of 

involvement with in-service activities both at the 

university and elsewhere. This section is thus divided 

into four parts: first, the individual perspectives of each 

of the three teachers interviewed will be detailed then a 

fourth part will accent common thoughts. 

The active in-service teacher. Eric did not proceed 

directly to university from high school. Instead he worked 

for a period before embarking upon a degree in Political 

Science and English Literature. After graduation he worked 

in a variety of jobs for two years and then returned to 

school to begin an engineering degree. Engineering did not 

turn out to be to his liking, however, and after 

accumulating enough credits in mathematics and science to 
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qualify for a minor in each, he switched to education, 

convinced that teaching was the career for him. 

Entering the teaching force at age 33, Eric has taught 

for eight years in the high school setting and describes 

teaching as something "I just love doing." He attributes 

his learning how to teach to hands-on experience. 

I don't know how much I got out of the teaching 
courses at the Education College. They taught me 
various forms of discipline and we went out to observe 
in schools and I still don't think I was prepared to 
teach. It took me two years at least to feel 
comfortable with the administration. Finally in the 
third year I think I actually started teaching. For 
the most part I think I got it (learning how to teach) 
from hard knocks. 

His association with Glendowie University is recent 

and came about through an altercation he had with the 

department head in the school where he was employed. In 

determining the teaching assignments for mathematics 

classes, the department head in question used background in 

mathematics as his primary criterion. Only teachers with a 

degree in mathematics were assigned to teach the upper 

grades and upper-level courses. This upset Eric so much 

that he sought, and found, placement at a different school 

and subsequently decided to embark upon a Masters degree in 

Mathematics Education. This is how he first came to 

interact with the mathematics faculty at Glendowie 

University. 



Towards the end of his masters degree program, Eric 

became involved in the Collaborative Teacher Program 

whereby he taught at the university for one year and 

concurrently took courses towards his degree. In the 

summer following his year of teaching at the university, 

Eric was a participant in the NAPIER Program. 
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The focus of Eric's thoughts about the interactions he 

has had with the mathematics professors is in effect a 

focus on his own teaching. He relates things to his 

classroom and talks about how he has done things in the 

past and how he anticipates changing. When talking about 

curriculum, for example, Eric said that before being 

involved with the university professors, he had not given 

much thought to curriculum. He relates, "You get to do 

more in the university talking about it (the curriculum) 

than you actually get to do in the high school." 

The use of materials and equipment in his classroom is 

another aspect of his teaching that Eric attributes to his 

interaction with university professors. This component of 

his growth began with a course he took from Marilyn Burns 

involving the use of manipulatives in a problem-solving 

arena. Eric was impressed with the methods he saw Marilyn 

Burns model. Through his recent exposure to the computer 

as a tool, in the NAPIER Program, he talks of further 

changes that he will make in his teaching of mathematics in 
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the high school environment. "I think I'm a changed man," 

he said. "Just the things I learned this summer. If I get 

my equipment I'll really use it in the classroom. I just 

see it mushrooming. There are all kinds of ways of 

learning with this equipment." 

Related to his focus on classroom teaching is Eric's 

attention to his students when he reflects about his 

interactions with the university. 

I think working at the university, teaching courses, 
has really helped because now I know where my students 
are going, what they're expected to learn, what 
they're expected to come here with, what skills they 
need, and I know that's going to help me. 

He believes that students need to share knowledge and that 

learning takes place in a helping environment. "The more 

we can exchange ideas and help each other in the classroom 

the better it goes," he says. 

His belief in the sharing process extends beyond that 

which he encourages in his classroom. It is worthy of note 

that he came to the university because of a division 

imposed by his department head. He found this demarcation 

of teaching faculty to be unacceptable. In contrast he has 

found the university environment to be the opposite. 

Before becoming involved with the university mathematics 

professors, he thought of himself as "only a high school 

teacher" suspecting that "all of those people over there 

know so much more math than I do." However, as a result of 
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his teaching in the Collaborative Teaching Program, those 

thoughts have changed: 

And it (teaching at the university) was really a 
wonderful thing because they, I don't want to say they 
don't care about your knowledge, it's just not a 
contest. You're doing your thing, you're teaching. 
If you have questions you ask people. You all share 
information, it's such a wonderful thing •.•• There 
are a lot of people (professors) who • . . really make 
you feel good and it's just that you do things and 
it's OK and it's "Let's do this problem and explore 
that." 

His own positive interactions at Glendowie University have 

confirmed his stance on the building of knowledge through 

the sharing process, particularly in a context involving 

university professors. 

Thus Eric's interactions with university mathematics 

professors have been positive. He relates his experiences 

to the classroom setting with a view as to how he will 

change, or modify his teaching to enhance the learning of 

his students. He is also convinced of the worth of 

interactions with colleagues both at the school level and 

at the university level. 

The teacher with a long record of in-service. 

Beatrice's father, who was an engineer, introduced her to 

mathematics. She describes him as "silent" and in order to 

impress him she felt she had to "do" mathematics. She 

remembers "struggling" with the subject. Nevertheless she 



graduated from university with a bachelors degree in 

mathematics. From there she went into teaching. 

Her motivation to enter the teaching profession was 

twofold. She felt that she had the characteristics and 
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interests necessary for a teacher, and in addition she was 

driven to believe, through her university experiences, that 

the teaching profession needed people who could communicate 

well and who had themselves struggled with the content they 

were teaching. 

I like to teach, I like to take charge, be an 
authority figure in the group, and being the eldest of 
four children helped. So I just always felt that I 
wanted to teach, and math seemed to be something that 
I struggled with, but would conquer . • • and, feel 
just so good about. . . • Meeting that challenge made 
it seem math was where I wanted to go. 

Another influence that made me into a math 
teacher that I have to point out is the professors, 
instructors, at the college level. They had a good 
grip on their field, but they didn't really have a 
good communication skill and I thought that what is 
needed in teaching math is a person who's had to 
struggle and understands how difficult it is to make 
the field of math into realities. 

Beatrice first taught in a coastal city of the united 

states where the social issues in the mid-sixties were 

overwhelming to the point where, after three years, she 

moved to a different state to continue her work as a 

teacher. One year after moving, she had the opportunity to 

work on a federal grant in early childhood education, a 

full-time position that lasted for two years. After that 
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experience she took time out from teaching for six years, 

to return as a full-time mathematics teacher in 1977. 

She describes her first years of teaching as 

"frazzling," but says that she always picked herself up and 

tried something different, something new. 

When the classroom got to be way too much for me, what 
I tried to do was stand back and ask how else can we 
attack this, and those days, '65,'66, '67, I got the 
only overhead and started using that as a teaching 
resource so I wouldn't have to turn my back on those 
kids. And we had china crayons that I'd use on that 
thing and wash it off, which was quite a job •••• I 
found many times that grouping kids together into 
fours cuts the social situation down to where you can 
get a hold of it. I would just go back again and 
again, try something else and something else. • I 
have never quit. 

Her first interaction with Glendowie university was 

through a newspaper article in which she read about a 

Professor Adams who was travelling around to schools with a 

selection of models that his students at the university had 

constructed. She contacted Professor Adams and he 

subsequently brought the display to her school. 

They had all these models and things that you could 
look into and lights you could turn on and see 
different crystals, but mostly they were the 
polyhedrons. And he set up a little conference room 
in our library. He had hand-outs and cut-outs and 
activities. All this stuff he just brought out to me 
one afternoon. 

As a result of that interaction, Professor Adams called 

upon Beatrice for comments on a "couple" of matters and 

then she sat in on a series of exploratory problem-solving 
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sessions at the university. She recalls thinking, "Oh this 

is wonderful, discovering the rule." Beatrice's 

involvement led her to thinking about curriculum changes at 

her own school, which in turn led to her own changing 

beliefs about the role of the teacher from one of boss and 

leader to one of facilitator and helper. 

As the person who instigated a calculus course at her 

school, she recalls first finding a suitable text, then 

meeting the class. Her opening remarks, as she recalls 

were: 

I'm new to this. I want your input on how to pace us 
and I'm going to ask for your input on what to put on 
the tests. If you think something needs special 
learning I'll quiz us and see how that goes, and I'm 
going to learn this with you. 

The exploratory problems sessions that she had undertaken 

at the university had a noticeable effect upon her thoughts 

and beliefs about what the act of teaching involves. 

As an educator who has been involved with the 

university for some time in in-service activities, Beatrice 

perceives teaching as having a dual focus. First there is 

a classroom focus and second there is a focus on beliefs 

about teaching and learning mathematics. She tends to talk 

about the two separately as if she has to first try things 

out in the classroom before she can fonnulate a philosophy 

about what she is doing. It is the concepts and ideas to 

which she has most recently been exposed that she relates 
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to the classroom setting, for example, the use of 

computers. In the summer of 1990 she was involved in the 

NAPIER Program; the computer component of that program 

advanced her knowledge of this aspect of teaching 

mathematics. She relates returning to the classroom with 

computers in hand and having the feeling that she was once 

again on a level footing with the students. She found that 

her work at the university improved her relations with her 

own students because she could relate to them better 

through a common understanding of the use of computers. 

For the most part, however, Beatrice relates the 

interactions she has had with university mathematics 

professors to her changing beliefs about mathematics and 

its teaching. She does not take back to her classroom a 

methodology she has seen modelled at the university. 

Rather, she mulls it over and reflects upon its usefulness, 

not necessarily in the context in which she saw it 

modelled. Returning to the influence of the exploratory 

problems as an example, Beatrice recalls at first wondering 

why the professor did not seem to be doing anything during 

the problem-solving sessions. After time and reflection, 

however, she realized just how much he had done for them as 

teachers and as students. "He has guided you, he has 

turned your direction, he has extended what you're doing" 

is how she thinks about it now. As for her own canons 
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about problem solving, she believes in "getting the kids 

involved, giving them a starting point rather than a set of 

rules to follow." She says she would advise them to .. 

just do anything, grab some points, make a table, discuss 

it out, draw pictures. • • • The more the person is 

involved, the better the work." She believes that the 

continued interaction with university professors over a 

long period of time has changed her beliefs about how to 

teach mathematics in general, and how to go about problem 

solving in particular. 

Along with the problem-solving techniques that she has 

adopted in her practice, Beatrice has developed beliefs 

about the foundations and skills necessary for the learning 

of mathematics. She believes in "organizing your work, 

being methodical in some fashion, drawing conclusions, 

reaching goals." She goes on to say, "I believe that math 

needs to stay a lot more concrete a lot longer. I've 

learned a lot of that here (at the university), but not 

directly." This last remark relates to the fact that she 

has had to think about what she has encountered at the 

university and has come to think about mathematics for 

herself rather than being taught or told everything about 

the subject. She has taken ownership of her learning, 

something she had not done as a young person who studied 

mathematics to prove herself to her father. 
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Along with her changed style of teaching, Beatrice has 

had to rethink her evaluation methods. She now evaluates 

according to how a person participates in the situation, 

rather than on what is produced: being a "thought" person 

and an "effort maker" is indicative of learning taking 

place. In relation to the broader problem-solving arena, 

that of solving life's problems, Beatrice feels that pencil 

and paper solutions are irrelevant. What she focusses on 

are the techniques of problem solving in general and the 

ability to "think it out." 

In summary then, Beatrice still relates what she 

encounters at the university to her own classroom, but over 

the long term her beliefs about teaching have changed, and 

she has taken ownership of her own learning of mathematics. 

The in-service leader. After graduation in 1971, 

Illana took a teaching position in a small remote town in 

the southwestern united States. She recalls having a 

wonderful experience, but soon boredom took over and she 

moved to the city in which Glendowie University is located. 

The position she accepted involved teaching at the junior 

high school level. In her first few years of teaching she 

concentrated on learning how to teach and learning about 

the curriculum. Her desire to do something different was 

manifested in an enrichment program she put together for 

seventh graders. This caught the attention of Professor 
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Krang at Glendowie University and he subsequently invited 

Illana to become one of the original members of the Copper 

Math Project, the project instigated by the university and 

which involved people from many constituencies. 

In addition to the enrichment program that Illana had 

promoted at the junior high school level, she had taken a 

course at a prestigious Californian university, which 

eventually led to her writing a grant proposal to train 

teachers in the district on the material that she had 

gathered from the course. The proposal was successful and 

Illana was out of the classroom on special assignment for 

one year. 

Following her special assignment Illana served as a 

resource teacher for Chapter One Mathematics. When the 

focus of that program changed to concentrate solely on 

elementary schools, she returned to the classroom as a 

full-time mathematics teacher in a high school setting, a 

position she still holds today. Over the years Illana has 

had an ongoing relationship with Glendowie University as 

grant writer, instructor, and associate on various 

projects. 

Illana's perspective on the interactions she has 

experienced with the university faculty are quite different 

from those of the other two teachers interviewed. Her 

focus is not on the teaching in her own classroom as it was 
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for Beatrice and Eric. Rather it is on the part she has 

played in in-service programs for teachers and the ways 

those programs promoted and supported change in mathematics 

education and growth for teachers in general. She does 

recognize, however, that her perspective comes through her 

own personal drive and the opportunities she has been 

afforded at the University. 

People from the university made a big difference in my 
career. • . • I guess some people are happy in the 
classroom for 30 or 40 years but I find myself having 
to do different things in the classroom and having to 
do things on the side in the education field. I think 
there are people who do well and concentrate totally 
on the classroom, but I am just not one of those 
people. 

Because of her long association with the University 

and because she was one of the founding members of the 

Copper Math Project, Illana perceives herself as one of the 

team of teacher educators within the department of 

mathematics at Glendowie University. She recalls that the 

Copper Math Project was "really the beginning and really 

from then on it has just been one thing after another as 

far as being tied to the university and the different 

opportunities." 

For Illana, interactions between university professors 

and high school teachers in the field of mathematics all 

center around the notion of support. She believes that 

support is the key to improved teaching both from 
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colleagues inside the school and from external sources. 

She talks about the support that she has had personally and 

the support that she has been able to give to others. She 

acknowledges that, in both situations, the support has been 

through the university. Her thoughts are typified in the 

following remarks: 

Teaching is a kind of isolated situation and I think 
that there is a whole lot that you can learn on your 
own, but there's a whole lot more that people can help 
you with. I believe that there is a whole lot to be 
gained and a whole lot is necessary by having a sense 
of community within a school and with departments. 
You know you can support each other. And I think that 
you have to go outside your classroom. The University 
has given me so many opportunities to do that; doing 
mathematics; better teaching of mathematics. 

As a postscript to these remarks, Illana does concede that 

teachers must want to do something in the summers, and that 

her contacts and support have come from people who care 

about kids, all kids. "They are caring about education and 

about the masses. You know, people who have to go through 

mathematics for whatever reason." Thus while she perceives 

support, contact, and communication among educators as 

important, she concedes that teachers must to want to 

participate in in-service programs. 

Refinement through reflection is another focus that 

Illana highlights in her thoughts about interactions 

between mathematics educators. She recognizes that 

reflection with a view to refinement is one of her own 
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characteristics. "I have always been a teacher who has sat 

back at the end of the day of teaching and said if I am 

going to do this (again) I am going to do it this way. 

Refinement comes the next time around." Remarks such 

as this do bear a relation to her own classroom, but 

continued discussion led to theorization. An example is 

afforded in a conversation about evaluation where the 

Curriculum and Evaluation Standards for School Mathematics 

published by the NCTM (1989) were being discussed. In 

commenting about the notion of getting away from right or 

wrong answers and becoming more involved in the process, 

she said, III do a lot of oral interaction ... the kinds of 

things like finding out the strategies they used, or how 

they were thinking." In the next sentence, however, she 

switched her focus to the strategies that teachers should 

think about in considering changes they might make in the 

way they evaluate students and expressed her own positive 

feeling about the proposed NCTM evaluation methods. Thus, 

although she began with an excerpt from her own classroom, 

she quickly looked through a wider lens, that of the 

educator of teachers. 

Because she is more experienced in interactions with 

university personnel than either Eric or Beatrice, her 

perspective on mathematics is concerned with the discipline 

as a whole and the wide spectrum of schooling, not with a 
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collection of fragmented parts. In summing up her year as 

a teacher in the Collaborative Teacher Program she says, 

"The major accomplishment for me was to get a handle on the 

entire mathematics curriculum." She was referring to the 

fact that she had now experienced, first-hand, working with 

elementary teachers through involvement in Chapter One 

Mathematics, teaching in a junior high, teaching in a high 

school, and teaching at the university. "I have had a 

wonderful time," she concluded. 

Summary. The degree to which teachers have interacted 

with mathematics professors varies considerably, and 

consec~ently the perspectives vary. From thinking about 

how to implement new knowledge into one's own classroom to 

thinking about how the knowledge gleaned can be passed on 

to other teachers is an example of how different the 

perspective can be from one teacher to the next. 

The teachers interviewed have a strong focus on their 

work in classrooms. They think about how students learn 

mathematics and what tools and methods can be used to 

greatest effect in teaching their students. Perhaps the 

most noteworthy characteristic of all three is the positive 

attitude they all have about their interactions within the 

university environment. They are all interested in 

becoming better teachers through changing their practice 

and they view their association with the university as a 
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very real way in which they can accomplish this goal. By a 

reflective process they have formulated ideas about the 

applicability of their newfound knowledge and have 

formalized, to varying degrees, their beliefs about 

teaching. 

Contextual Conditions 

Because in-service education programs for mathematics 

teachers have been in existence for some time at Glendowie 

University, the contextual conditions that emerged from the 

data as being important all had a positive connotation. 

Neither professors nor teachers mentioned any context 

conditions that they felt were a negative influence upon 

the relations that existed or were promoted through the 

interactions. Considering all the data collected, there 

were four distinct conditions thought to be important. 

Funding and support. There is a high level of 

external funding for the programs in existence at Glendowie 

University. This translates into monies being available to 

give the teachers a form of support that makes them feel 

very professional about the work that they are able to do 

at the university. In the longer term it has other 

professional overtones, because in many programs, one of 

the conditions a teacher agrees to as a part of being 

involved is that he or she will conduct in-service sessions 
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for other teachers. This carries with it a sense of worth 

that the teachers take away with them. 

In addition to financial rewards such as stipends and 

meals, teachers have assurances of hardware and software 

support from their school districts when they return to the 

classroom. This support comes as the result of 

negotiations between the university and the school 

districts. Another service that the university is able to 

offer the teachers is secretarial help during their time on 

campus. There are support personnel in the department of 

mathematics to take care of the teachers' needs as they 

arise, and the teachers are treated as professionals 

working in a professional environment. Some of the 

teachers said that the level of support was a very welcome 

change for them. 

Another very real support system felt throughout the 

mathematics education programs by all involved is that 

given by the faculty members of the mathematics department. 

The support is often in the form of endorsement of the work 

that is being undertaken. This support, however, has not 

come easily or readily. Generally speaking, the professors 

involved in mathematics education account for this 

endorsement as a consequence of the grants that mathematics 

education has been able to secure in recent years. There 

was a stage, prior to the mid-eighties, when professors 
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looked somewhat skeptically on mathematics education within 

the mathematics department. The possibility of monies 

being diverted away from other mathematics research 

interests could have been a factor contributing to this 

skepticism. The tables have turned, however, and currently 

some professors outside of the group of mathematics 

educators most commonly associated with interactive 

projects are now working on education projects; this carne 

about because of a change in their attitudes and by virtue 

of their expertise. 

Professor Davidson commented about the slow process of 

building a creditable program in mathematics education: 

Money was corning into the department and money is 
always important. So I believe that that had a lot to 
do with it. They (the mathematics professors) had to 
recognize it. . . . still there was no way that I 
could hire a math educator. • • • We had applicants 
corne and go, but they were never hired. They were 
rejected it seems to me on the basis of the talk that 
they gave. The staff in listening to the talk were 
either not impressed or did not know what they (the 
applicants) were talking about. 

He adds that it was through hard work and persistence 

that the climate changed to allow the hiring of an 

experienced mathematics educator in the late eighties. It 

is noted that the educator who was hired carne with a grant 

and a strong reputation, both factors being those that the 

professors in the mathematics department found easy to 

accommodate. 
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Energy and commitment. The second context condition 

to emerge from the data is the concept of energy and 

commitment. Ten years ago a small group of mathematics 

professors worked extremely hard, often against the 

expressed preferences of their colleagues, to do something 

about the standard of mathematics exhibited by first year 

students at Glendowie University. They identified the 

problem, then began the process of doing something about 

it. They found this frustrating, and often time and effort 

were spent to little or no avail. Progress was slow, but 

progress was made. "It was very frustrating," said 

Professor Adams, who took a strong stand for mathematics 

education. He believed that the mathematics department 

would benefit from embracing teacher education as an entity 

within the department. 

In the fledgling days, the fund-raising part of the 

operation took a lot of time. At first the professors 

approached local manufacturing and industrial 

organizations, and while these forays were often 

successful, the amount of money generated often limited the 

type of programs that could be floated. In the mid

eighties however, the department of mathematics experienced 

success in securing funding from outside agencies. The 

sustained effort paid off and the professors concede that 

the time and energy they spent earlier has made today's 
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programs possible. Professor Krang said: "We've been at it 

now for 10 years and I think now you can see programs like 

NAPIER. Today you are observing the fruit of many years 

work. We have had a sustaining effort from the beginning." 

Both professors and teachers see the university as 

committed to mathematics education in the long term. The 

current interest on the part of the university is not 

viewed as a fly-by-night operation nor as a series of 

programs that the university is involved in for its own 

purposes. Rather they see the programs as part of a plan 

to improve mathematics education in general. While the 

focus up to this point in time has been on pre-university 

mathematics, there is some evidence that the teachers are 

beginning to see themselves as able to give the university 

something in terms of pedagogical expertise and that the 

university professors are receptive to this change of 

roles. 

Credibility and trust. The third context condition, 

credibility and trust, was achieved through the hard work 

and commitment referred to in the above section. This 

characteristic of the interactions is seen as very 

influential in the participation of the teachers. Anxiety 

towards the subject of mathematics was not found in any of 

the data, although it is recognized that the teachers 

involved were all experienced mathematics teachers. The 
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fact that the professors "really care about mathematics 

education" was forwarded as a reason for the trust that 

teachers exhibited in their relationships with professors. 

Additionally, teachers feel that the university has kept 

faith with the schools. The professors have not backed 

away from problems or blamed the schools for them. The 

university has been proactive in raising the standards of 

mathematics education in the schools that act as feeders to 

its programs. 

Another reason for the credibility of the programs is 

good teaching. The teachers say they have observed and are 

exposed to good teaching. They are appreciative of the 

pedagogical content knowledge they see modelled and talk of 

implementation in their own classrooms albeit with 

appropriate changes. 

The following is an excerpt from one professor: 

In a vector geometry class for example we were looking 
at a proof in a book and we didn't think much of it so 
I asked them (the teachers) if they could think of a 
better proof. After about 20 minutes we came up with 
a much better proof and one of the heads of department 
of a local school came up to me afterwards and said 
"You know, that was one of the best examples of good 
teaching that I have ever seen." So what was? I 
wasn't the teacher. They were. 

Both the teacher's statement and the professor's response 

are indicative of the mutual respect that had built up 

between these two people in relation to their perception of 

good teaching. 
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As for the type of programs currently in place at 

Glendowie University, both the professors and the teachers 

involved think of them as being on the cutting edge of 

mathematics education. without being self-satisfied, the 

participants feel good about their involvement. In the 

past this feeling may have resulted from the fact that many 

of the programs were of a national nature; institutes were 

designed in Washington. Today, however, the programs are 

designed locally, with pride. 

Vision. The fourth and final context condition found 

present at Glendowie University was vision. Initially the 

professors became involved in talking to high school 

students and teachers because of problems the students were 

experiencing at the university level. Professor Krang 

acknowledges that "the university at the time was not 

seeing very much down the road." Now the picture is 

different. In looking at the freshman mathematics courses, 

professors are considering different ways of approaching 

the teaching and evaluation of topics contained in these 

freshmen courses, and this divergent thinking is having an 

effect on the directions that the in-service programs are 

taking. For example, the use of computers in high school 

mathematics classes is directly affecting the types of 

approaches employed in solving problems both at the pre

university and university levels. The university is now 
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first-year students. 
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The programs offered to teachers as in-service carry 

two strands that highlight the visionary attitude the 

university has towards mathematics education. The two 

strands are computers and problem solving. Both strands 

receive accolades from teachers in terms of their own 

knowledge growth and the applicability to the classroom. 

From a contextual perspective, there are two points that 

are noteworthy; first, that the university has the vision 

to consider these elements as important for educators and 

second, that they have been proactive in including them as 

part of programs offered to teachers. 

The professors at Glendowie University are interested 

in innovation and over the years have demonstrated their 

willingness to develop ideas, to try new things, and to 

talk to teachers. Professor Adams thought that one of the 

reasons he was asked to take part in the teacher education 

programs was his interest and experience in innovative 

studies. Of his earlier work he said, "I did some things 

on my own, which was risky." 

Thus to summarize, the conditions that are highlighted 

above, namely funding and support, energy and commitment, 

credibility and trust, and vision, are the main contextual 

conditions that contribute to making the interactions among 
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mathematics educators at Glendowie University unique. Both 

professors and teachers consider these factors important. 

Outcomes of Interactions 

There is considerable evidence in the data collected 

pointing to the development of collegial relations among 

educators. These relations are manifested in notions of 

sharing and the formation of networks. In addition, 

teacher change and professor change are evident, and these 

changes in the minds of participants lead to an impact on 

students in mathematics classrooms. Finally, a renewed and 

expanded interest in teaching as a discipline is a theme 

that underlies the changes teachers and professors have 

experienced and are experiencing. 

Development of collegial relations. As with any group 

of people who come together under a common cause, close 

relations have developed among mathematics educators during 

the times they have spent together. Much sharing of 

information and co-operative learning took place. "We all 

share information. It's such a wonderful thing," and "the 

problems are common" were remarks heard one day when the 

NAPIER Program was in session. The following are a 

teacher's remarks as she presented the solution her group 

found to the exploratory problem they had been assigned. 

At first we wanted to know how to do it (the problem), 
to be brainwashed. I went home that night determined 
to master it myself. The next day we returned and 
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began to define the problem, and to redefine it. We 
changed the problem each day. The best part was 
supporting each other, brainstorming together. By 
having time we took ownership of the problem. I will 
go back to my classroom with co-operative learning in 
my mind, much more so than by attending a workshop. 
It was powerful working together, a dynamic situation 
with three people working together. 

This teacher's experience working with two other people in 

a co-operative manner made an impression on her in relation 

to methodology that she might use in her own classroom. 

She experienced problem solving in a manner that put her 

into a situation where she did not know an algorithm to be 

followed. As a consequence she came to confront the 

problem under consideration and, I would conjecture, 

problem solving in general. 

In general, sharing was found to be valued across and 

between all members present, teachers and professors alike. 

Another important characteristic of the various 

programs held at Glendowie university is that follow-up 

occurs. This varies from one program to another and can 

involve the teachers attending winter sessions or giving 

workshops to other teachers. In addition there is a weekly 

colloquium held at the university that is aimed at the 

teachers in the surrounding area. They are invited to come 

to listen to the presentations and to share in the 

discussions. One teacher said, "I like to attend to make 

contact with people," so the colloquia may be serving the 
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function of a place of contact for teachers as well as a 

place where presentations are made on topics related to the 

teaching of mathematics. 

Some of the teachers who take part in interactions at 

the university have been around the campus for some years 

in varying roles. Because of this, there is a perception 

of ongoingness that teachers new to the scene translate 

into a form of anchorage of the relations that are forming 

between individuals. In Illana's words, as a result of 

interactions "teachers feel closer to the university." 

Teacher change. To break down the changes that 

teachers underwent into components is somewhat difficult 

because the changes were all intertwined. The elements, 

however, are not hard to identify. They are belief 

changes, and changes in knowledge base, which may translate 

into change in practice. The remarks following are 

confined to the NAPIER Program as more comprehensive data 

were collected on this program. 

In the NAPIER Program, teachers were exposed to a 

variety of hands-on work with calculators and computers. 

They had the opportunity to work with the machines and to 

think about the use of these aids in their classrooms. It 

was observed that after four weeks of working with hand

held programmable calculators, teachers turned to them 

quite naturally when a problem arose that lent itself to 
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calculator use. In the simulated lessons that teachers 

prepared, they used the programmable aspect of the 

calculators in front of their colleagues. In this way they 

modelling the use and applicability of programmable 

calculators to classroom mathematics. No observations were 

made in classrooms with students and therefore whether the 

practice of teachers changed in relation to the increase in 

knowledge that they experienced cannot be reported. 

As for computers, teachers were observed and heard to 

comment about the increase in knowledge they experienced as 

a result of exposure to various software packages. The 

teachers had many opportunities to work and experiment with 

different software packages and became comfortable with the 

computer as a tool. Teachers interviewed concurred that 

they had changed, but change in knowledge base is the only 

definite change that can be reported. "All of a sudden I'm 

walking around like I'm some sort of computer wizard. 

There's a lot more I need to know, but I feel good about 

that," said Eric. In these remarks Eric is acknowledging 

that his knowledge base has increased, but it is not clear 

whether his practice will change, or whether his beliefs 

had changed at the time that he made these remarks. At a 

different time, however, Eric did remark that he thought it 

was wonderful that the district was going to supply him 

with hardware for his classroom and that he was looking 
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forward to using it. So at least his intent was to change 

his practice. 

For the other main focus of change, problem solving, 

the data build a clearer picture. By exposure and working 

on problems for which there were no standard algorithms to 

follow, teachers got to think seriously about their own 

problem-solving techniques and approaches. One teacher was 

heard to remark, "Making math teachers do problems 

themselves for which there is not a pat solution: it's like 

a new way." 

The work that Beatrice has done in her classroom of 

late gives an indication of changes that can occur after, 

or as a result of, interactions with university professors. 

She has been involved in interactions for some 10 years and 

early on she was exposed to the exploratory problem-solving 

sessions and techniques of Professor Hubble. Since that 

time she has conducted calculus classes that are strongly 

focussed on co-operative problem solving, and at the same 

time she has developed her own ideas and beliefs about 

problem solving in general. Of strategies she says, "My 

favorite is still the table of guesses." Another change 

that she has undergone as a result of the interactions is a 

belief about what predominant stance a teacher should 

project in front of a class. She used to believe in 

authoritarianism. She first went into teaching because she 
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liked to "take charge" and to be the "authority figure." 

Of the calculus classes that she now teaches, she says that 

she does not want to stand up in front of the class and say 

"I'm a calculus expert." Her approach is to work alongside 

the students in a co-operative learning environment. She 

herself directly attributes this change in beliefs about 

teaching to her interactions with the professors at 

Glendowie University. 

Comments relating to actual teaching practice are 

based on oral descriptions rather than observation. 

Teachers related being more focussed on the students as a 

result of their work at the university in the mathematics 

department. In most of the university programs for 

teachers, working in groups of four is a pattern that is 

followed. This has translated into the teachers having 

their students do more classroom work in co-operative group 

settings. 

To summarize, teachers talk about the change that they 

are undergoing and professors observe changes in the 

teachers that they think will translate into changes in 

teacher practice. It is not a finite quantity, nor is it 

complete at anyone time. The sense of continual 

refinement of practice through reflection is accompanied by 

development of the teacher's own knowledge and by the 

thoughts that teachers have about teaching mathematics. 



Professorial change. Change is a two-way street. 

Professors who have been involved in interactions have 

found that the teachers have influenced them in ways 

related to practice. Professor Krang remarked: 
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I observe what the teachers do. Whenever there is a 
presentation I go in and I have tried to change my 
teaching style in the lecture. Teachers do not 
lecture. And I have seen, for example, how well they 
use their time, how much they get out of their time, 
which I don't feel I get in my lectures. I feel that 
they get the students involved in the learning process 
more than we do. 

Although Professor Krang does not acknowledge whether 

he is any better as a teacher as a result of interactions 

he has had with teachers, he has become aware of different 

approaches to teaching mathematics. He still refers to his 

classes as lectures, however, so one could assume that his 

beliefs are still rooted in a formalist paradigm. 

Professors who interact with teachers acknowledge that 

they talk more about teaching as a result of their work 

with teachers. They talk about content and the 

relationships between courses, and they also talk about 

teaching. One course that is undergoing a change at the 

Glendowie university is first year calculus. The entire 

approach to teaching this course is being altered to an 

emphasis on student interaction with the material. The 

graphing calculator is being used as a teaching tool and a 

new book, reflecting the methodological changes envisioned, 
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is being piloted. It is not coincidental that some of the 

professors involved in this change are also active in the 

work with teachers. 

The teachers see the professors changing in the way 

they think about the teaching of mathematics. They observe 

that the approaches professors use in the courses for 

teachers have shifted from a theoretical perspective to a 

concrete base. They also observe more of a focus on how 

students learn. Teachers have a sense that they influence 

professors in keeping them away from abstract 

presentations. 

Thus while the programs that are operated by the 

university are intended for teachers, there are changes 

that the professors embrace as a result of the interactions 

they have with teachers. 

Impact on students. In thinking about the impact of 

programs on students, most of the people involved in the 

interactions tend first to think of the impact on the 

teachers of high school students. On second thought, 

however, they reflect upon the impact on university 

students. It is worth remembering that the initial drive 

in starting a dialogue between teachers and university 

professors was the perceived difficulty that first-year 

students were having at the university level. 



Both teachers and students report effects upon high 

school students. Programs with an emphasis on minority 
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students, for example, were seen to be effective. Many of 

the students involved in the various tutoring programs 

initiated by the university and the teachers have been 

observed to stay in school. One teacher remarked about a 

program that he had been involved with that took students 

and tutored them and then put them through a summer 

institute: 

The students who were involved in that program (the 
summer and the tutoring program) have gone on, they 
have since graduated • . • they've since gone on to 
college and done very, very well. We did in fact have 
a lasting effect on their career goals. 

students from Beatrice's calculus classes expressed 

the feeling that they had an excellent start when they 

entered college compared to other students who experienced 

difficulties in mathematics. 

The Entry-Level Program and the Collaborative Teacher 

Program are both considered to be having an effect on 

first-year students at the university. The teachers and 

the university professors believe that the standard of 

teaching is better than it was when university professors 

taught the courses. The programs have also brought with 

them reduced class size (no class is larger than 40) and, 

as a consequence, students can interact with the teachers 



and the material in a more beneficial way than when the 

teaching was straight lecture. 
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Impact on the university. The tension between 

teaching and research is still a factor that is 

contemplated by the professors involved in teacher 

education. Those with tenure express a sense of being able 

to embrace this work because they have the academic freedom 

to do so. For the one member of the faculty involved in 

mathematics education who does not have tenure there is 

still a question. While the acceptance of teacher 

education programs in the department of mathematics is 

wider today than it was in the past, there is still 

somewhat of a cloud over the operation. This may be 

resolved in the near future as there are moves afoot, 

within the department, to establish ground rules for tenure 

and promotion for faculty members involved in mathematics 

education as a field unto itself. 

concluding Remarks 

There is much going on at Glendowie University in 

terms of mathematics education. Teachers and professors 

are working together in a collegial environment that is 

fostering close ties between the university and the schools 

for the benefit of students, teachers, and professors. The 

interactions have been fostered by a core of dedicated 

professors who have made it their business to be proactive 
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in improving the readiness of high school stUdents for what 

they might encounter at the university level. The 

enthusiasm they have displayed over a period of more than 

10 years has influenced many teachers both within the 

proximity of the Glendowie University and beyond. As a 

result, there is a group of teachers who have developed an 

interest in serving other teachers to help them improve 

their practice. 

The Eastern site 

The setting 

The University of st Heliers is located in a 

moderately sized city in eastern Canada. The surrounding 

area is quite densely populated and there is a second 

public university less than one mile away. Altogether 

there are a total of seven public universities located 

within a 90-mile radius of the University of st Heliers. 

The enrollment of the university stands at 26,000 

students with 950 faculty members. There are two 

characteristics of the university that are particularly 

noteworthy. First, it was founded upon a Co-operative 

Program (Co-op Program) where stUdents alternate work 

experience with academic studies throughout the pursuit of 

their degrees. Initially the Co-op Program was offered 

only in engineering, but it now spans all faculties and 

involves approximately 9,500 stUdents annually: this makes 
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it the largest university co-operative program in the 

world. The second characteristic of note is the 

correspondence program. with over 5,000 students enrolled 

in 300 correspondence courses, it is one of the largest 

correspondence programs in North America. 

An unusual characteristic of the University of st 

Heliers is that one of the six academic faculties is a 

Faculty of Mathematics, the only Faculty of Mathematics in 

North America and one of the few throughout the world. 

with 165 full-time faculty members and about 4,000 

students, the vast majority being full-time undergraduates, 

the Faculty of Mathematics offers Bachelor of Mathematics, 

Master of Mathematics, Master of Philosophy, and Doctor of 

Philosophy degrees. These degrees are awarded by the five 

departments of the faculty, namely Applied Mathematics, 

Combinatorics and optimization, Computer Science, Pure 

Mathematics, and statistics and Actuarial Science. 

The academic calendar of the university is organized 

on a trimester system to accommodate the co-op students. 

The academic year spans a 12-month period beginning in mid

September. Each of the three terms runs for approximately 

14 weeks, there being a pause for about three weeks between 

terms. Laid over this schedule is a six-week summer 

session beginning in early July. Through the extensive 

correspondence program that the university operates, 
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teachers can access university courses throughout the year, 

but essentially the only time they can come to classes on 

campus is during the six-week summer session. 

While there is no mathematics education department at 

the university per se, several mathematics faculty members 

take part in activities that are directed towards 

mathematics teachers and students at the high school level. 

There are four faculty members in particular who devote a 

sUbstantial part of their time to working in areas that 

relate to school mathematics. 

Historical Overview 

The university itself is just 35 years old and, as a 

means of attracting students in its early days, various 

faculty members were involved in a schools liaison program 

to inform prospective students about courses that the 

university was offering. In 1963 Professor Webb, who was 

active in the schools liaison program, heard that four 

educators had been discussing the possibility of a 

mathematics contest for high school students. Thinking 

that the university might be able to raise its profile by 

becoming involved and in so doing attract more students, he 

contacted one of the teachers who had been involved in the 

contest discussion. That conversation led to the formation 

of what is now a large network of contests run by the 

University of st Heliers for stUdents of many ages. 
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To this day there is still a large commitment to high 

school liaison and the liaison takes various forms. In 

addition to the formal programs that the university 

sponsors, which are detailed below in the section on 

current programs, there is still an outreach to schools. 

Visitations are arranged and workshops are given as 

requested by teachers. These workshops and talks are 

mainly directed towards students and they serve two 

purposes. The first is to give students information about 

the mathematics courses at the university of st Heliers; 

the second is to conduct workshops for students on problem 

solving. The Faculty of Mathematics educators feel that 

they are supportive of the efforts of teachers in schools 

by giving workshops and sessions, in that both high school 

educators and university educators are working towards the 

same end: to prepare students in mathematics. Through this 

liaison process, the university takes an active stance in 

its quest to maintain contact with teachers and students. 

In the fall of 1991, for example, the Associate Dean 

of the Faculty of Mathematics, Mr Opler, wrote to high 

school mathematics department heads in his province. In 

his letter he reminisced about the close relationship that 

the Faculty of Mathematics has maintained with teachers and 

informed them of the university belief in the strength of 

the mathematics teachers practicing in the province. In 
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the body of his letter he outlined two "observations on the 

current state of affairs." The first topic was the 

declining work ethic of students, and he asked teachers to 

join him in doing "as much as we can to have them direct 

their energies towards their studies." The second topic of 

observation was the inability of students to present 

mathematical arguments in a clear and logical manner. The 

Associate Dean suggested that "too much of what they have 

done has been algorithmic in nature," and that "the 

transition to university would be eased greatly if there 

was an increase in the number of non-routine problems 

assigned which require some analytic thinking and 

descriptive writing." 

In closing his letter the Associate Dean talked of the 

upcoming contests, and reminded teachers of the similarity 

of format between the Graduating Year contest questions and 

those found on university mathematics papers. Attached to 

the letter were two forms for department heads to complete. 

One was a "Request for Visit Form" and the other was an 

information sheet asking for a list of the school's current 

mathematics teachers. Both forms were part of the effort 

to maintain contact with teachers and to facilitate 

liaison. 

During the first 10 years that the university was in 

existence, the department of mathematics operated through 
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both the Faculty of Arts and the Faculty of Science. It 

was in 1967 that the Faculty of Mathematics came into 

being. The competitions had by that time become firmly 

rooted, with the university providing support for the 

teachers who were running them. One development that 

evolved out of the competitions was a June Seminar. During 

this week-long seminar for high-scoring contest writers, 

talk among the teachers and professors running the contests 

turned to the act of teaching and to the ways one actually 

becomes a teacher. This talk led to further discussions 

among educators and with university personnel. Eventually 

a program for prospective teachers was developed. The 

Co-op Mathematics Teaching option is the program that 

evolved; it is still currently offered by the University of 

st Heliers. 

Coupled with the development of the contests and the 

beginning of the teacher education program, the profile of 

the mathematics department of the University of st Heliers 

was rising as a star in the eyes of mathematics teachers 

from nearby districts. Many were attracted to some form of 

interaction. The university sensed a need for courses that 

teachers could access and offered Saturday morning classes 

in a limited number of courses. Simultaneously the number 

of mathematics courses offered through the correspondence 

program grew. These correspondence programs were unique in 
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that printed notes supplied by the professor were 

supplemented by a lecture on audio tape. The students then 

completed an assignment related to the material of the 

lecture which was marked by the professor who gave the 

lecture. When the assignment was returned to the student 

there were notes about the solutions and an audio tape 

containing comments about the way the assignment had been 

answered and graded. 

Another response of the university to the perceived 

need of teachers for coursework was a special masters 

degree program set up to enable teachers to access courses 

and complete degrees par~-time, something that had 

previously not been possible. This program, initiated in 

the early seventies, lasted about eight years; nothing has 

followed it in the way of a credit program designed 

specially for practicing teachers. 

Speculation as to what caused this program to be 

canceled is interesting. Mr statton, who teaches at the 

University of st Heliers and is a graduate of the program, 

thinks that teachers turned to Master of Education degrees 

for their graduate programs because they opened up more 

possibilities for promotion to positions such as those of 

principal and superintendent. On the other hand, Professor 

Bryant, a recently retired professor, thinks that the 

program died because teachers came to the university to 
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ta]ce this program with the wrong attitude. Teachers who 

signed up for the course he offered as part of the program 

expected to do very little work and did not want the work 

to be too difficult. The data that pertain to this 

program, however, hint of the possibility that the 

university did not target its audience effectively. If the 

needs of the teachers had been analyzed carefully, the 

university might have been able to develop courses and a 

program that would have been pertinent for teachers wishing 

to pursue an advanced degree in mathematics and at the same 

time would have accommodated the teachers desires for 

promotion. 

In the late sixties and early seventies, mathematics 

education was undergoing a period of change in eastern 

Canada. In the province in which the University of st 

Heliers is located, province-wide final examinations were 

being phased out (the government cited finances as a 

reason), and schools were being given more autonomy to 

develop their own programs in mathematics and other 

disciplines. At about the same time, the number of 

compulsory credits required for a secondary school diploma 

was sharply reduced to nine credits, two of which were 

mathematics courses. 

These changes brought the Ministry of Education to the 

point where it was producing documents to help teachers in 
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their deliberations. Teachers in the vicinity of the 

University of st Heliers felt a need to talk about these 

documents. In discussing this need with professors who 

were involved in school liaison work, they, the teachers 

and the professors, decided to hold a series of meetings. 

This was the beginning of a new association which has grown 

into a professional organization now known as the Blue 

Ridge Mathematics Consortium (BRMC). The consortium 

provides professional development for teachers and 

publishes resource materials for use in the teaching of 

mathematics. 

In the first 15 years of its existence, members of the 

Faculty of Mathematics at the University of st Heliers 

formed an outreach and developed patterns of interaction 

with mathematics teachers in a wide geographic area 

surrounding the university. The initial liaison with the 

schools had been for the express purpose of letting people 

know that the University of st Heliers existed. The 

outreach developed quickly and through it four separate 

interactive programs emerged. The four main programs were 

the contests for students, the Co-op Program for 

prospective teachers, the BRMC professional organization, 

and mathematics courses that teachers could take. Each of 

these four thrusts is still in existence today in varying 

forms. 
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Current Programs 

Professors were initially interested in talking to, 

and about, stUdents who were considering university study. 

The interactive programs currently in operation, shown 

diagrammatically in Figure 3, are now broader in scope with 

efforts being spread to all secondary school grades (see 

Appendix C). 

The Eastern Mathematics Contests. The University of 

st Heliers has developed an enormous network of contests, 

collectively known as the Eastern Mathematics Contests, 

that are written by stUdents from all provinces in Canada 

and some foreign countries. As mentioned in the overview 

above, these contests started as the result of a discussion 

among four mathematics educators. The discussion centered 

around students who were writing a contest sponsored by the 

Society of Actuaries without any preparation. The 

Actuaries examination was aimed at students in their 

graduating year who had exceptional talent in mathematics. 

The discussants were of the opinion that something should 

be done about the lack of preparation. One of the original 

four recalls a conversation that went like this: 

If you don't get a kid involved until grade 12 it's 
too late, and if you try to get a kid involved in 
grade 10, that test is ridiculous. So what we need is 
something else. It would be great to have a contest 
for grades 9, 10, and 11. 
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Thus the original idea of developing a contest came from 

teachers who were concerned that they were not able to 

deliver, to their best students, a learning experience 

befitting their talents. 

The initial development was very localized with 

teachers in one particular school district organizing, for 

their students in grades 9, 10, and 11, a contest called 

the Premier Math Contest. Professor Green of the 

University of st Heliers wrote the questions for the paper, 

and in its first year about 120 students wrote the contest. 

Interest soon spread to other districts and in subsequent 

years Mr Opler, a high school mathematics teacher, ran the 

contest for a wider selection of schools. As the contest 

continued to grow, Mr Opler asked for, and got, university 

support in the way of secretarial help, office space, and 

computer time for marking. In 1967 the University of st 

Heliers took over the Premier Math Contest and at the same 

time hired Mr Opler into a full-time position, one of his 

responsibilities being the running of the contest. Mr 

Opler (now Associate Dean Opler) recalls the early 

development and his move to the university: 

The thing (contest) just went kind of topsy-turvy as 
it went. We got up to about 5,000, 6,000, 7,000 kids, 
maybe even 10,000 ... I can't remember the numbers. 
The first year (after the contest expanded beyond the 
founding district) I said to Professor Green, "We 
can't handle this amount of people." "That's ok," he 
said, "we'll just go get us a computer." He got me a 
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woman technician they had here (at the university) and 
all the stuff (papers) came in here and was all 
transcribed onto readable sheets and it (the computer) 
generated the results. Then when the thing got bigger 
I said to Professor Green, "I can no longer handle 
this thing out of the school." So then he got me an 
office over here (at the university) that I shared 
with one of his Ph.D students and got me some 
secretarial help and we started doing it (the whole 
operation of the contest) over here. I was coming 
over here (to the university) once per term and 
getting the stuff done then. 

In the fall of 1967 with the contest continuing 
to grow, Professor Green approached me saying, "You're 
becoming a relatively big fish here in the high 
schools, would you be interested in becoming a 
relatively small fish in the university?" 

His answer was yes and, as a consequence, in 1967 the 

university assumed responsibility for the contest that had 

been developed by teachers and hired the organizing 

teacher. It was the beginning of the hiring of many high 

school teachers into the employ of the university to assist 

in the management aspects of the developing programs 

associated with school mathematics. 

The single contest of the sixties has expanded into a 

current program of six distinct contests for secondary 

school students. Details of the contests are given below: 

1. Intermediate Contest for students in grades 7 and 

8 --65,000 participants annually. 

2. Grade 9 Contest--26,000 participants annually. 

3. Grade 10 Contest--20,000 participants annually. 

4. Grade 11 Contest--16,000 participants annually. 



197 

5. Grade 12 Contest--10,OOO participants annually. 

6. Graduating Year contest1--6,OOO participants 

annually. 

Teachers in schools register the students for all 

contests. Early in the academic year the university 

corresponds with secondary schools in its province and with 

those from outside the province who have previously 

registered for the contests. This mailing, which is 

personalized between the contest organizers at the 

university and contest organizers in the schools, contains 

dates, contest rules, and registration forms. Any work 

that teachers do for their students in the way of 

preparation for the contests is entirely up to them 

although professors at the university make themselves 

available to meet with teachers and/or students if asked to 

do so. 

Following registration, materials for the contests are 

sent to organizing teachers. The Intermediate contest for 

grades 7 and 8 is administered entirely within the schools 

with teachers being sent a kit containing contest papers, 

answer sheets, and marking schemes. Students writing the 

other contests do so in their own schools, but papers are 

marked at the University of st Heliers. The contests for 

1 Some Canadian provinces graduate students from high 
school out of grade 13. 
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grades 9, 10, and 11 are entirely multiple choice and are 

marked by computer. The Grade 12 Contest and the 

Graduating Year Contest have hand-marked components. This 

hand marking is done on site at the university. 

The hand-marked portions of the contests for grade 12 

and for graduating students are graded by a team of 

mathematics educators. It is a two-and-one-half day 

activity taking up a Thursday evening, a Friday, and a 

Saturday, with teachers being released from their school 

responsibilities on the Friday. In 1992 there were a total 

of 119 people on the marking team, the breakdown being as 

follows: 

15 university personnel, including some students whose 

jobs were mainly administrative; 

1 community college teacher; 

3 retired teachers; 

3 school district personnel; 

4 people associated with learning centers; 

91 school teachers, the vast majority of whom taught 

only high school grades. 

Prior to arriving on campus markers receive a package 

of information about the marking sessions including maps of 

the campus, details of the marking procedure, and the 

marking schemes for the contests. The Thursday night 

marking session lasts about two hours and is a 
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familiarization session where the solutions are discussed 

and alternative approaches are tabled and discussed. For 

the actual marking sessions, markers work in classrooms 

with about 20 people per room. 

Markers corne from a wide geographic region and those 

who do not live locally, in relation to the University of 

st Heliers, are housed on campus for two nights. The 

university provides all accommodations, meals, and 

refreshments. On both Thursday and Friday nights there is 

a reception hosted by the university. 

After the contests have been marked, results are 

tabulated by computer and sent to competing schools. Each 

school receives a printout of its students' scores, a 

ranking of high scoring students for each contest, and a 

ranking of high-scoring school team scores (three members 

per team). The Graduating Year Contest carries awards in 

the form of scholarships to the University of st Heliers. 

High-scoring students from the contests are invited to 

the university for the June Seminar, a week of intensive 

mathematics. Students work alongside other high-scoring 

students in problem-solving sessions, in discussions, and 

in talks related to mathematics. The aim of the seminar is 

to provide very able mathematics students with a forum in 

which they can talk about mathematics, learn about some 
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topics they will not be exposed to in high school, and meet 

other students who have interests similar to their own. 

From the grade 7 & 8 contest to the June Seminar, the 

main purpose of the Eastern Mathematics Contests is, to 

quote from the advertising literature, to "encourage extra 

study in mathematics for fun and to provide a healthy 

competition for students." 

The Co-op Teaching Option. The University of st 

Heliers was founded upon a co-operative program in 

engineering, and today there are co-operative programs in 

many departments of the university. The Co-op Mathematics 

Teaching option emerged as a plan through the belief, held 

by Professor Green and Mr Opler, that three-week practice 

teaching sessions were inadequate (the norm in teacher 

preparation programs at nearby colleges of education). 

Further, they thought that the co-op model used by the 

Faculty of Engineering would suit a teaching degree very 

well. One of the responsibilities of Mr Opler, when he 

came to the university in 1967, was to develop the co-op 

model and apply it to teaching. Professor Green thought 

that it would be astute to have an experienced and 

provincially qualified teacher working on the development 

in view of the fact that eventual approval and the awarding 

of a teaching certificate would come from the Ministry of 

Education. 
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The program became a reality in the early seventies. 

In recent years between 25 and 30 students have been 

admitted per year. Practicing teachers are involved with 

this program by virtue of their associate teacher role, a 

role that is very extensive in its nature under the co-op 

teaching model. First, however, a little more about the 

program itself. 

The University of st Heliers operates on a trimester 

system that spans a 12-month period to accommodate co-op 

programs. The philosophy of the co-op system is that 

students learn theory and practice as close to each other 

in time as possible. The trimester system allows students 

to alternate a working term in the field with academic 

studies at the university. The Co-op Teaching option is a 

program that combines two work terms in business or 

industry with three work terms in schools. The terms in 

schools are considered to be practice teaching sessions, 

but students are paid by the school districts and are thus 

expected to do more than that which is normally required of 

student teachers during practice teaching sessions. 

students have no university coursework to complete during 

these work terms and are considered to be full-time 

teachers. Their responsibilities for the 14-week terms 

range from classroom observation, to classroom teaching, to 

coaching, to marking, to tutoring. In fact any work that 
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is expected of teachers during the course of their daily 

work could be assigned to co-op teachers during their work 

terms. 

During the academic terms students take courses 

leading to an undergraduate degree in mathematics. There 

are some restrictions on coursework that can be taken under 

the Co-op Program, but students may chose to be in anyone 

of the divisions of the Faculty of Mathematics. All the 

academic terms are spent at the University of st Heliers 

with the exception of one which is spent at Crawford 

College, an education degree-granting college attached to a 

different, neighboring university. It is during this 

academic term that co-op candidates receive the pedagogical 

component of their program. Graduates of the Co-op 

Mathematics Teaching option are granted a Bachelor of 

Education degree from Crawford College and a Bachelor of 

Mathematics degree from the University of st Heliers and 

are awarded a provincial teaching certificate that 

qualifies them to teach in secondary schools. 

The role of schools and teachers in the Co-op Program 

begins in the initial interview stage when students first 

apply for the program. Two interviews are conducted for 

each applicant. A practicing high school educator conducts 

one interview and university people conduct the other. 

These interviews are key elements in the decision as to 
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which candidates will be accepted. Teachers are next 

involved in this program when the students prepare for 

their teaching work terms. The university negotiates with 

school districts for the hiring of co-op teachers. Once 

the number and the salary has been determined, the school 

districts determine which schools will be allocated co-op 

teachers. The university then organizes a hiring process 

with "placements," as the openings are called, being posted 

in the same way that job openings are posted at career 

centers. Co-op teachers apply for positions that are 

attractive to them in much the same way as for any job. 

The applications are sent to the participating schools 

which then form a hiring team that may include the teacher 

to whom the co-op teacher is to be assigned. This hiring 

team selects which candidates it wishes to interview and 

the university sets up an interview schedule. 

When all schools and all candidates have completed 

their interviews, both parties rank their choices. School 

hiring teams rank the candidates in terms of their 

suitability for the position that they are offering and 

candidates rank the schools on the basis of personal 

preference. When this process is complete the university 

matches candidates to schools to the best of its ability. 

Once at a school, a co-op teacher may be assigned any 

number of duties, but there will be one person responsible 
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for his or her overall development, namely the associate 

teacher. The duties of the associate teacher are thus more 

extensive than those related to classroom observations and 

teaching. The role is more akin to that of a mentor to the 

co-op teacher. 

The work terms in schools in the Co-op Program are 

intended to give student teachers a broad range of 

experiences in the teaching of mathematics and a divergent 

set of activities in the duties expected of a teacher. 

Mathematics teachers in the schools are the key players in 

providing the opportunities and in making the work term a 

valuable learning experience for prospective teachers. 

The Blue Ridge Mathematics Consortium. As mentioned 

in the historical overview, the BRMC developed in the late 

sixties and early seventies as the result of changing 

ministry expectations of teachers in classrooms. It has 

its roots in the same group of mathematics faculty and 

mathematics teachers involved in the early outreach to 

schools, the development of the contests, and the 

development of the Co-op Mathematics Teaching option. 

Together these people determined that there was a need for 

opportunities in which mathematics educators could talk 

about issues in mathematics education. At first, sessions 

were informal and were held at the university. Mr statton, 
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who at the time was a high school teacher in a local school 

district, recalls the beginnings in the following way: 

These meetings became very popular, two a year maybe. 
Guest speakers, debates, nice fellowship, sandwiches 
and beer, and stuff like this. So we said we've got 
to give this thing some kind of structure. Well it 
was loose, but it was called The Nameless Association. 
There was no name. And it became quite evident that 
because of the support from the university, 
secretarial help, mailing help, and so on, and getting 
mailing lists, that this group was becoming very 
influential in math education. And so we talked about 
formalizing the structure somewhat and giving it 
another name and I suppose I was responsible for the 
name in that, looking at, well, let's pick the Blue 
Ridge . • . lets call it the Blue Ridge Mathematics 
Consortium because the role was to serve the 
surrounding area (in the same way the Blue Ridge 
spans the area). So we formed a council and I guess I 
was the first president. 

By design, the consortium to this day has no 

constitution and is run by a council made up of members 

representing the various districts of the area surrounding 

the University of st Heliers. In addition, one 

representative of the University of st Heliers sits on the 

council. The goal of the consortium is, in Mr statton's 

words, "the betterment of mathematics." 

There are two functions to the organization as it 

operates today, one being the semi-annual conferences held 

in the fall and spring of each academic year. Workshops 

are arranged and speakers are invited to make up an after-

school program of staff development. Concurrent sessions 

are held before dinner and an after-dinner speaker 
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250-300 range with teachers driving up to 120 miles to 

attend. The conferences are now usually held at schools 

located geographically close to the university. 
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The second function of the consortium is publication 

of resource materials for mathematics teachers in the form 

of booklets focussing on particular topics in mathematics 

or on an issue of concern such as co-operative learning or 

examinations. The materials for these publications are 

supplied and put together by members of the organization. 

Overall, the BRMC figures significantly in geographic 

areas surrounding the University of st Heliers in that it 

brings issues in mathematics education to the forefront. 

On the provincial scene it also has an impact through its 

publications which are widely sought by teachers. 

Course work for teachers. In relation to the 

coursework thrust referred to in the historical overview, 

the university recognizes that it is providing a service to 

teachers through its correspondence program offerings and 

other courses that teachers may be able to access through 

the regular programs and through the summer program. For 

Mathematics professors, however, that is as far as the 

liaison goes. They do not have any direct contact or 

involvement with the teachers who take these courses unless 

they are the lecturer or professor who conducts the course. 
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Teachers taking correspondence courses are treated no 

differently from other correspondence students. Mr statton 

sees it this way: 

There are teachers who are doing it (correspondence 
courses), but they tend to be the teachers that we do 
not know very well. They tend to be the teachers who 
would likely not have been math specialists, and be 
upgrading. Our liaison tends to be with the heads of 
departments and the more senior people who likely have 
•.. the (specialist) qualifications ..•. There's 
no doubt that every activity that goes out of the 
university is valuable liaison. We must look on it 
that way. That is public relations. • . . From our 
point of view, the way the Math Faculty looks at it, 
that (the teachers who take correspondence courses) is 
(are) not a high priority item in the liaison because 
we don't think it has the impact that the other 
programs we do, have. 

Thus while the correspondence program is a service that 

both practicing and potential mathematics teachers access, 

it is not a program that the Faculty of Mathematics regards 

as an important link in the interactive process. The data 

collected from teachers indicate that they do not sense any 

particular interaction either, except in the usual 

professor-student way. Many teachers who take 

correspondence courses do so to upgrade their mathematics 

standing. Often they upgrade to gain admission to Ministry 

of Education courses that subsequently provide additional 

teaching qualifications. The teachers who take these 

courses feel no allegiance to the University of st Heliers 

nor do they feel that they know any more about teaching or 
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know the professors better than they did before taking the 

courses. 

Thus while this program is an integral part of the 

university and provides a forum for interaction between a 

particular group of mathematics teachers and professors in 

a particular way, it is not considered an important 

component of any long-term association among mathematics 

educators. 

Summary. These four programs all have the effect of 

bringing mathematics educators together. Essentially they 

each target different populations of teachers, but by and 

large involve the same group of university mathematics 

educators. Together the programs form a network of 

interactive exercises in which mathematics education is the 

core item of interest. In the sections that follow, the 

first three programs detailed above will be referred to as 

the "Liaison Programs," for it is these three that are seen 

to be important in the interactive work that takes place 

among mathematics educators in the areas surrounding the 

University of st Heliers. 

The University Educators 

In the first 10 years that the university operated, 

two faculty members, Professors Green and Webb, took a 

particular interest in high school mathematics. Together 

they were responsible for the initial outreach to schools 
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and the beginning interactions with teachers. They were 

also the professors responsible for encouraging the early 

development of the contests and for establishing the 

university as the home for the contests. In addition they 

played a significant role in the initiation of the Co-op 

Mathematics Teaching option. 

with the growth of the contests and the actual 

establishment of the Co-op Mathematics Teaching option, the 

need for more staff increased. High school teachers were 

recruited into full-time positions, at the rank of 

lecturer, to help with the management and operation of 

these emerging endeavors of the Faculty of Mathematics. To 

this day there are high school teachers in these full-time 

positions. They teach some undergraduate courses, as well 

as perform the duties assigned to them relating to one or 

more of the programs outlined above. 

Professors Green and Webb, the two professors referred 

to above who initiated the Liaison Programs, are no longer 

at the university. While there are many professors in the 

mathematics faculty who take part in the interactive 

programs that operate at the university of st Heliers for 

the benefit of mathematics educators, there are no 

Mathematics Education Professors on the faculty, and there 

is not anyone mathematics professor involved in any of the 

Liaison Programs in a major way. The whole operation is 
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managed by four teachers who have been recruited to perform 

these specific functions. 

Profiles. Two teachers who became involved in taking 

coursework at the university, later became permanent 

employees of the University of st Heliers. Both had taught 

high school for several years prior to going to the 

university on sabbatical leave to complete a masters 

degrees in mathematics. Upon completion of their degrees, 

they were hired by the university into the Faculty of 

Mathematics and became associated with many activities that 

involved mathematics educators. The actual work they were 

hired to do, however, was quite different. Both were 

interviewed for this study. 

One of the sabbatical leave teachers referred to above 

was to become Professor Bryant. He recently retired from 

the university of st Heliers. His work was in the area of 

problem solving and he taught and developed many courses 

taken by teachers and co-op teaching students. To many 

students he was a brilliant teacher and was, and is, often 

asked to be the quest speaker at gatherings and conferences 

where teachers are in attendance. For example, he was one 

of the before-dinner speakers at the 1992 contest marking 

session. 

The second sabbatical teacher mentioned above is Mr 

statton, now the Director of the Teaching Option in 
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Mathematics at the University of st Heliers. He was 

recruited by the university to help in the development of 

the Liaison Programs. At the time of being recruited he 

was teaching in a local high school, he was involved with 

the contests, and he was on the executive of the BRMC. His 

responsibilities today are the teaching option, the 

contests, and the co-ordination of liaison efforts with 

high schools. 

The third university educator interviewed for this 

study was Associate Dean Opler. He was one of the teachers 

instrumental in beginning the Premier Math Contest and was 

later recruited to the university by Professor Green. His 

initial assignments at the university were to take over the 

running of the contests, which had moved to the university 

as their base, and to help develop the Co-op Mathematics 

Teaching option. He now holds an administrative post at 

the university of st Heliersi this is unusual on two 

counts. First, at the time he carne to the university, he 

turned down an offer to become a Vice-Principal of a high 

school because, as he himself said, "They were not 

accepting my model (of what a vice-principal should be)." 

It was soon after turning away from school administration 

that he was invited to the university to be "a relatively 

small fish in the university," a concept that he wrestled 

with at the time, asking himself "What am I in mathematics 
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in a university?" The answer, he has found out of late, 

is, "I've become the Associate Dean. That could never, 

never happen anywhere else." In making this last remark, 

Associate Dean Opler is referring to the fact that he has 

become an Associate Dean of a faculty of some repute and 

his only academic degree is a Bachelor of Arts. 

Perspectives and beliefs. From the data related to 

the university educator's perspectives, two dominant nuclei 

emerge. The first, problem solving, is found primarily in 

the contest program. The second nucleus is teachers, and 

they are the central core in each of the other three 

programs. This part is thus divided along the lines of 

these two nuclei along with a summary to collate the ideas. 

1. The problem solving nucleus. It must be pointed 

out that the biggest program, by far, that the University 

of st Heliers operates in which teachers and university 

educators interact is the Eastern Mathematics contests 

program. Compared to the other programs, there are more 

people involved both at the university level and in 

schools, there are more students involved, there is a 

larger budget involved, and the program is more widespread. 

The contests are entered by students in a number of foreign 

countries, and recently the university educators have been 

to England to help set up a series of contests based on the 

University of st Heliers model. At least two other 
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countries have expressed a similar interest in adopting the 

st Heliers model for contests. 

The contests program reflects various beliefs and 

spawns a number of interactive activities, all having 

problem solving at their core. The belief that problem 

solving provides the opportunity for "a more disciplined 

approach to the study of mathematics" is one of the 

underlying factors in the university promotion of the 

contests. An associated factor is the belief that problem

solving skills can be developed in students and that 

teachers are a key factor in this development. A third 

factor is the belief that students' ability in mathematics 

can be determined by the level of expertise they exhibit in 

solving problems. 

The whole concept of problem solving is one that 

teachers have considerable difficulty coming to grips with 

because many teachers themselves went through processes of 

problem solving which were very algorithmic in nature. 

Many remember their student days and posters stating 

"Methods of solving rate problems" and the "Three basic 

problems of percent." The university educators have quite 

a different notion of problem solving. In Mr statton's 

words, they want to "get away from memorization • • • 

formulas, recipes" and move towards a thinking process that 

involves scribbling down ideas, investigating different 
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approaches, and looking at problems from different 

perspectives. All in all, the thinking process involves 

students taking ownership of the problem at hand and 

developing a sense of trusting one's own intuition. 

The university educators believe that by beginning 

this thinking approach to problem solving at the grade 

seven level, students will ultimately benefit in that their 

ability to do mathematics will improve. Through the 

Intermediate Contest, teachers can be introduced to 

questions that do not have algorithmic type solutions; in 

so doing the university educators hope to encourage in 

classrooms, on a day-to-day basis, more problem-solving 

activity of the thinking type. The emphasis is on 

expanding the perspectives of teachers and students to 

include mathematics as an enjoyable, challenging, and 

rewarding activity. 

An associated hope is that students will become less 

anxious about mathematics. Mr statton believes that 

students are not naturally anxious but that the teachers 

create anxiety. He says: 

It's not something that a youngster brings or has 
naturally, but math teachers create it. And we have, 
unfortunately, a lot of math teachers who don't 
understand what mathematics is. They think their job 
is to make sure that the kid knows this formula, this 
formula, the quadratic formula, whatever. That's not 
true at all. And by approaching math that way, to me, 
math anxiety is the fear of not being able to remember 
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something you think you're going to need when you sit 
down to write this test. 

Thus by having a contest aimed at the grade seven level and 

having a focus not on hard problems but on interesting and 

different problems, the university educators hope to 

influence, starting in grade seven, how students and 

teachers think about and do mathematics. 

Another belief about problem solving, mentioned above, 

is that students' ability in mathematics may be measured by 

their problem-solving expertise. This belief has its roots 

in the development of the contests as a whole. 

At the outset, the university got involved because it 

saw contests as a way of promoting itself and of attracting 

students. with the increase in the number of people 

involved (students, teachers, and university educators), 

the university perspective began to change. To attract 

talented mathematics students became a central focus. The 

philosophy behind this direction in relation to recruitment 

is worthy of note. Dean Opler reports it this way: 

This university recognizes that if you do nothing (to 
attract talented students), you get some bright 
students. Anyone (any university) who's good will get 
some; even if you aren't any good you'll get some 
bright students. But Professor Green set the policy 
here, that he didn't only want to have (some) bright 
students, he wanted to have them all. Not most, all. 

Attracting talented students, from the perspective of the 

University of st Heliers, is a dominant factor of the 
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contest program as a whole. Consider as an example the 

contest for graduating students. The 10 questions that 

make up the contest are, for the most part, related to the 

provincial school curri~ulum. Of the 6,000 students who 

wrote the contest in 1992, merely 1.5 percent achieved a 

grade of more than 70 percent, and those who wrote would be 

considered, by their teachers, to be the better mathematics 

students. The contest is not a medium through which 

average students measure their ability. It is intended for 

talented mathematics students. The university uses this 

contest to determine which students it believes are best at 

mathematics and in turn offers them scholarships to attend 

the University of st Heliers. 

Through the sequence of contests, starting with the 

Intermediate Math Contest, students and teachers have their 

attention drawn to the University of st Heliers as an 

institution that cares about mathematics. In Associate 

Dean Opler's words, "Our goal is to try to achieve one 

major thing: that we get as many bright kids as we can." 

That the contests for students in the two highest grades 

contain other than multiple choice questions is no 

accident. Questions soliciting essay type answers are 

included because, to the university educators, they more 

realistically demonstrate a student's true ability to solve 

problems and indicate "whether the kid could explain the 
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answer to somebody else." The questions are designed to be 

more like university mathematics questions and therefore, 

to the university educators, give a more reliable reading 

of a student in relation to whether he or she would succeed 

at university level mathematics. 

The liaison program that the university now offers is 

other evidence of this drift towards catering to talented 

students. with reference again to the beginning years of 

the university, professors would go out to schools and talk 

to all students interested in considering a university 

program. Today the interaction in the schools is with 

students who have already been identified as talented. 

University personnel suggest that their time is better 

spent with, according to Mr statton: 

. . . a special group of students who have already 
been identified as being interested, motivated • 
. . . There's very little value in us talking about 
studying university mathematics to a group of 
students where they may not have the ability to be 
able to do it anyway. 

Tied into the notion of helping teachers with concepts 

of problem solving and focussing on talented students are 

the interactions through the contests that the university 

has with the teachers. First, it is often the specialist 

teacher with considerable mathematics content knowledge who 

takes an interest in the contests and the students who 

write them. The university interacts with these people 
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directly through correspondence relating to the contests 

and indirectly through the problem solving that goes on in 

preparing students for the contests. The university thus 

focusses its interaction on teachers who are already 

committed, at least in theory, to a model of problem 

solving similar to that of the university. 

In the contest marking sessions, to which some 100 

teachers are invited annually, the more able teachers and 

the more interested teachers, in terms of mathematics, are 

those for whom the interaction is tailored. The university 

educators believe that interaction with this group of 

teachers makes the best use of available resources in that 

they can indirectly reach more students who will ultimately 

benefit. 

The programs expose teachers to problems, and the 

university educators ensure that teachers leave the 

university feeling good about the institution. Through the 

belief that "the number one influence on high school aged 

children and what they're going to study at university is 

the teachers," to quote Mr statton, the university 

educators then believe that it is through the teachers that 

they can reach the students. Students get exposed to more 

problem solving and become aware of the University of st 

Heliers as a good place to go for post-secondary study 
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through the interactions that they have with their 

teachers. 

2. The teacher as a nucleus. One of the reasons for 

starting a Co-op Mathematics Teaching option was a belief 

that existing programs for pre-service education of 

teachers did not adequately prepare students for the jobs 

that awaited them. Associate Dean Opler, who helped launch 

the teaching option, has very definite ideas about teacher 

education. He disagrees with the philosophy of teacher 

training in colleges of education saying, "They start off 

with the philosophy that they're going to teach people how 

to teach." He went on to say that at the University of st 

Heliers the philosophy is to "talk about teaching." He 

thinks that unless a person has more than one possible 

method of approach to explore when embarking upon a problem 

or a topic, he is not interested in that person's being "in 

the classroom." He wants to see four characteristics in a 

prospective teacher: 

I want a two-sided head, a heart and a gut. If you 
give me those four things, if I can encourage you to 
use those four things, then you can be a teacher, and 
if you can't, then nothing I do will ever make you 
one. The one side of your head has got to know your 
subject; the other one's got to be intelligent enough 
to make decisions, right decisions about kids. You 
need heart because you've got to have love, and you 
need guts because there's times when you've got to be 
tough. If you've got those four things you can be, I 
won't say will be, but you can be a good teacher. If 
you don't have those four things then nothing will 
make you a good teacher. 
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The Co-op Program has graduated hundreds of 

mathematics teachers since its inception, and the graduates 

have permeated the teaching ranks. The university 

educators believe that through this program they have made 

an impact on the teaching of mathematics. That many of 

these same teachers keep in contact with the university 

through its other programs attests to their loyalty and 

points to a growing network of mathematics educators who do 

actively talk about mathematics and mathematics education. 

While the BRMC began at a grass roots level among 

teachers in schools, and the university at this time has no 

direct influence on what the consortium does, there are 

many teachers loyal to the university who participate as 

members of the consortium. The university educators see 

their role in the consortium as supportive in that they 

provide speakers and workshop leaders as requested and give 

input in terms of ideas for programs. 

3. Summary. The two nuclei discussed in this part 

are powerful in their formation of a baseline for 

interactions that take place among educators in the 

community surrounding the University of st Heliers. That 

the contests form an umbrella under which much interaction 

takes place is noteworthy, especially in light of the fact 

that talented students are targeted and specialist teachers 

are involved. The co-op program is providing the teacher 
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ranks with qualified mathematics teachers who then 

participate in the activities promoted by the university. 

The whole process is somewhat self-supporting and therefore 

somewhat closed to outsiders. 

The High School Teachers 

There are many hundreds of teachers involved in some 

form of interaction with the educators at the University of 

st Heliers. For many the interaction is not on a personal 

level as it occurs through the contests that come out of 

the university. For others it is a more direct involvement 

with educators from the university and schools coming 

together for specific purposes. 

The teachers interviewed for this study were all 

involved with contests, both as sponsors in their 

respective schools and as markers invited to come to the 

university to mark the essay type questions of the two 

senior contests. In addition, each of the teachers 

interviewed was active in one or more of the other programs 

that incorporate university involvement. 

In terms of a common focus or perspective on the 

interactions among educators, it can be said that the 

university itself is a centerpiece for their thoughts and 

discussions. All three have very positive feelings towards 

the university and have a sort of father figure image of 

the institution as a whole. They like what the university 
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is doing both as an institution of higher learning in 

general, and in particular as a supporter of high school 

mathematics and of the teachers of mathematics. What 

follows in this four-part section is three parts containing 

detailed accounts of the perspectives of each of the three 

teachers interviewed and a fourth part embellishing the 

common thoughts. 

The active in-service teacher. Zena has a global 

perspective on in-service activities for mathematics 

teachers. She takes part in many programs offered by the 

university of st Heliers and elsewhere, and is planning a 

year-long sabbatical two years from now when she will 

pursue studies related to teaching. In her thoughts about 

professional activities, she has a focus on the classroom 

and feels that her active participation over the years has 

led her to changing her beliefs about mathematics, about 

mathematics teaching, and about education in general. 

Graduating from a high school near the University of 

st Heliers and being interested in mathematics teaching as 

a result of having two female teachers in her sophomore and 

junior years, Zena attended the University of st Heliers 

for her undergraduate degree. She had been informed about 

the Co-op Mathematics Teaching option prior to enrolling at 

the University of st Heliers, and after her first year she 

applied for and was accepted into the program. Graduating 



223 

five years later in 1978, she did not find a full-time 

position in her first year. She did, however, secure a 

part-time mathematics teaching appointment in one of the 

high schools near the University of st Heliers. Since that 

time she has taught full-time in local high schools. 

Zena is proactive in her attention to in-service 

activities. In addition to being on the contest marking 

team, she is a member of the BRMC and attends its 

conferences on a regular basis. She also attends 

provincial mathematics association meetings and 

conferences. Her rationale for her active participation is 

to "keep in touch" with mathematics and with current trends 

in the teaching of her discipline. Through her 

professional activities she has developed a network of 

colleagues whom she enjoys meeting on these occasions. She 

likes the discussions that take place and believes that 

these help her in her classroom work. It is interesting to 

note that she does not attend for the camaraderie; in fact 

it was observed during the contest marking sessions that 

she did not attend some of the social functions associated 

with this program. It must be pointed out, however, that 

she does live in the vicinity of the university and has 

young children at home; this may account for her non

attendance at social functions. 
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An interesting facet of her activities is that she 

instigated most of them herself rather than being invited 

to attend. She believes that teachers must be self

motivated to participate in in-service activities. She 

does not know how her own self-motivation carne about; she 

just knows that she is interested in teaching. Related to 

this concept of professional growth and self-motivation is 

her pursuit of a promotion to Assistant Head of 

Mathematics. 

Zena does not recall any mention being made of the 

BRMC or of professional development during her 

undergraduate years. She became aware of the BRMC 

organization through her department head when she began to 

teach and as a result started to attend its conferences. 

For the contest marking, where current practice is to 

invite past markers first, she wrote to the university 

educators and asked to be placed on the marking team. Her 

phraseology is interesting as she said that "she wrote to 

the guys up there." 

She did speak about gender issues somewhat, but her 

views were not adamant. She noted, for example, that there 

was a fairly even mix of male and female students in her 

undergraduate class, then added her observation that the 

ratio of male to female markers was heavily in favor of 

males. She also mentioned the fact that there were no 
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females at the university involved in the mathematics 

education programs but at the same time expressed her 

sincere admiration for educators at the university, 

particularly Associate Dean Opler, Mr statton, and 

Professor Bryant. One could not say that Zena has any 

strong feelings towards gender issues as they relate to the 

teaching of mathematics, but one could say that she is 

alert to them. 

One factor that Zena thinks is important in relation 

to professional activities is funding. She feels 

particularly lucky that the school district that employs 

her, views professional development favorably and supports 

professional activities for teachers both in terms of time 

off from school and financial reimbursement for expenses 

incurred. She expressed the feeling that if she worked for 

a different district, she might not be able to participate 

to the extent that she does and might not have the 

opportunity to take a sabbatical leave. 

Zena feels that she has been influenced in her 

practice by the educators at the University of st Heliers 

by virtue of the fact that she took her undergraduate 

degree there. That she still lives in the vicinity of the 

university is also a factor. While she refers to the 

university as being "up there," she feels comfortable with 

the university personnel and said that, if the occasion 



arose where she had a question that she could not solve, 

she would not hesitate to contact one of the university 

educators for advice or help. 
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In conversations, Zena she mentioned that her beliefs 

and practice had changed over the years. She could not 

say, however, that those changes had been the result of any 

one person or one professional activity. There is one 

aspect of her practice, however, that she does recognize as 

being different now compared to when she started teaching. 

That one aspect is her focus on students. She is no longer 

as concerned with the subject matter that she is supposed 

to teach according to the curriculum. she thinks about 

students' needs and reflects upon their past 

accomplishments. She believes, for example, that students 

need to be able to get along socially before she can teach 

them any mathematics. She says, "I will get to the 

mathematics when they can get along." In tandem with this 

socialization perspective is her interest in mathematics 

teaching in the elementary grades. She admits that she 

knows little about it but says that she intends to become 

knowledgeable in the field. One of the interests she 

intends to pursue during her sabbatical leave is the 

teaching of elementary mathematics. 

In summary, Zena has positive relations with the 

university educators and thinks highly of them. Her 
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involvement in the many professional activities in which 

she indulges has had an effect upon her practice and her 

beliefs in relation to education. Her focus is 

mathematics, but her vision is wide. In evaluation, for 

example, she is more likely to think about the philosophy 

of evaluation rather than the specifics of how to evaluate 

a section of work on exponential functions. 

The teacher with a long record of in-service. As a 

teacher who joined the profession when there was a teacher 

shortage, Petra, after having graduated from university 

with a Bachelor of Arts degree in Mathematics, attended a 

college of education over two summer sessions to obtain her 

teaching credentials. She remembers her times at the 

college of education as lIa highlight of my experience. II 

Her first teaching assignment was in a small northern 

community. She describes her induction into teaching as lIa 

really interesting breaking in period" where lIeverybody 

else on the staff, with one exception, was a first-year 

teacher and we all taught all the grades of our subject 

(from grade 9 to grade 13).11 

Her next move, after two years in the northern school, 

was to a large metropolitan area in eastern Canada where 

she taught at City Collegiate, a well-respected high school 

situated in an affluent neighborhood. This, in essence, 

was the beginning of her post-induction professional 
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development. Being in a large metropolitan area Petra had 

access to district-run activities and conferences. In 

addition, she found the faculty at her new school 

"absolutely amazing" and believes that she "really 

developed professionally" through her association with 

them. Her four year experience at city Collegiate was 

quite a contrast to her previous posting where she was the 

only mathematics teacher in the school. 

It was at City Collegiate that Petra started to think 

about standards, about the preparation of students for 

examinations, and about precision in mathematics. It is 

interesting to note that concerns about standards and 

precision are still with her today in her classroom 

teaching practice. 

After an interlude to have children, Petra took a 

teaching position in a suburban high school where she 

taught for 12 years. Recently she accepted a position in a 

university laboratory school for gifted and talented 

students. Her assignment can now range anywhere from grade 

seven to senior mathematics. Extracurricularly she takes a 

large part in the preparation of students for the contests 

run by the University of st Heliers. She has approximately 

50 percent of the 450 strong student body writing these 

mathematics contests. 
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Petra's personal interest in mathematics has, over the 

years, shifted from the applied end of the mathematics 

spectrum to the pure end. She recalls taking delight, when 

she first graduated, in "solving triangles and calculating 

compound interest and calculating heights of parabolic 

arches." She now says, "I prefer problems and topics 

without any obvious practical applications." She loves 

problem solving and gets great satisfaction through the 

interactions she has with her student problem solvers. She 

says: 

I really like doing the problems. I like doing them 
with the kids. I like personally to accept the 
challenges of problems that they are working on and I 
can hardly get the ones they are having difficulty 
with out of my mind. I like doing them and they know 
that and they like showing me their solutions. I 
think I am a good listener for their problem-solving 
attempts. 

In her classroom Petra likes to conduct problem-

solving sessions as part of her teaching practice. She 

believes that students should leave school with good 

problem-solving skills as part of their repertoire. 

From the time she moved to city Collegiate, 

professional development has been a feature of Petra's work 

as a teacher. In addition to active participation in 

conferences and workshops, she has been part of the marking 

team of the contest program at the university of st Heliers 

for the past 14 years. She has twice been invited to take 
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a participative role in the university's June Seminar for 

high-scoring students. 

In relation to the marking of contests, Petra feels 

that the interaction with other mathematics teachers is the 

benefit of the activity. 

I think it provides a wonderful opportunity for 
meeting with other math teachers. . . . I think that 
the social aspect, hanging around with other math 
teachers that you see once a year, hearing what 
they're up to, is very good and very interesting. In 
terms of the actual sitting in the classrooms doing 
the marking, I think there is a lot to be learned 
out of the discussion on what is acceptable form and 
what isn't, and I've noticed over the years that tends 
to change a little. 

She believes that her practice is influenced by these 

interactions in that it makes her think about current 

issues. As the flagship of standards in the province, the 

University of st Heliers, through its mathematics 

educators, draws attention to items of concern, current 

issues, and standards, relating them to the teaching of 

mathematics across the province. Teachers like Petra then 

relate these items to their own classrooms. Petra feels 

that her work as a marker is beneficial to her, both as a 

classroom teacher and as a coach. Her coaching ability, 

she believes, is improved by the fact that she is aware of 

what markers look for. Although Petra did not make any 

statements alluding to any feeling of being part of a 



standard-setting group, all participants in the contest 

marking are, in fact, setting standards. 
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The professional relationship Petra maintains with the 

University of st Heliers is one she personally holds in 

high regard. She is proud to be associated with the 

institution and finds the activities inspirational and 

enriching. Her personal interest in problem solving is 

fed, to a certain extent, by the contests and by the 

students she now teaches. In 1991, for example, she 

coached the winning team of the Graduating Year Contest, 

and in 1992, she coached the winning team of the Grade 12 

Contest. 

The in-service leader. Tim has taught in the vicinity 

of the University of st Heliers for 24 years. His teaching 

experience is all in mathematics and computer science at 

the high school level and he has been in a total of three 

different schools, all within the same school district. He 

has moved schools, basically for a change, and is currently 

teaching both mathematics and computer science. 

His introduction to the educators at the University of 

st Heliers came about through an opening on the executive 

of the BRMC. He put his name forward as a contender for the 

position when a vacancy arose and ultimately sat on the 

executive committee. He sits on the same executive 

committee today and is responsible for membership records 
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(which he keeps filed on his own computer) and registration 

for conferences; he is also the treasurer for the 

organization. 

His perspective on relations with other educators is 

entirely focussed on the activities of the BRMC. His work 

with this organization, in a volunteer capacity, occupies a 

great deal of his personal time. He feels that through 

this work he is making a real contribution to the 

advancement of the teaching of mathematics in that he 

believes that the products the consortium delivers to 

educators are of benefit to them. He does express 

recognition of the part the university plays in supporting 

the BRMC by providing speakers and producing ideas for 

programs. 

Tim's drive, or his attraction to this work, is the 

strong personal belief that all is not well in the 

education business. During the years that he has taught, 

there have been several shifts in the direction education 

has taken in eastern Canada. In the late sixties there was 

a shift to a more liberal approach; then, in the mid 

eighties, a more prescriptive model took over, especially 

at the high school level. He perceives the Ministry of 

Education as handing out the prescription and teachers as 

often unprepared for such edicts. One result of these 

directional changes, as Tim sees it, is that universities 
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have become overly prescriptive in their expectations of 

what courses students should have upon entry to university 

programs. He talks of being frustrated: 

I see faculties other than math demanding math, and 
they require senior math courses more and more. 
. . . My favorite example is that Grey (University) 
requires calculus to get into Early Childhood 
Education and for the life of me I can't figure out 
why. 

Tim thinks that something should be done to help teachers 

as they face dilemmas surrounding these ministry 

directives. The BRMC is a vehicle he believes capable of 

performing this helping role. In thinking about the 

dilemmas in relation to his own classroom, Tim does not 

feel he is doing as good a job with students as he perhaps 

should be, particularly with the more talented students. 

Talking about senior classes he says: 

In the last three years that I taught calculus, I 
found that I couldn't deal with the bright kids and 
challenge them and get them as prepared as I had 
earlier. I would be embarrassed to show the exam I 
gave last year to the kids I taught even five years 
earlier. They would say, "wait a minute Sir, you made 
us do so much and we were so prepared, why have you 
changed your view?" You're blackmailed into it 
really. 

He thinks that he is selling his current students short yet 

does not know how to get around the problem. When 

universities demand more mathematics from more students the 

resul't is a greater range of students in terms of 

mathematical ability in any particular senior mathematics 
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class. Tim believes that the BRMe may be able to help 

teachers like him. 

Another factor that Tim is grappling with is societal 

change that is evolving about him. "I have great 

difficulty with what's happening in society," he says. "I 

don't know that my beliefs about mathematics are important 

anymore." He seeks solace in his colleagues on the 

executive of the BRMe and finds the meetings stimulating 

and helpful to him personally. He talks of being "excited 

about the work" and enjoying the time he spends with other 

math educators at BRMe meetings and conferences. 

If I'm tired after a given day here (at school), all I 
have to do is go to one of those meetings and pretty 
soon we're all excited, talking about math, and 
teaching, and all kinds of things, and pretty soon it 
just brings you back to life. There's a strong sense 
of community. 

Through his interactions Tim is able to talk out his 

frustrations and contribute to the resolution of dilemmas 

that others of his colleagues face. He enjoys sessions 

that are "basically brainstorming" and he finds enjoyable 

and appealing such general topics of discussion as "Where 

are we going in math?" 

Being on the executive of the consortium, Tim finds he 

is able to contribute to the professional development of 

mathematics teachers and to mathematics education in 

general. He says: 
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virtually every conference we run, and we run two per 
year, we will run a session on how to teach a topic a 
different way than is normally done. So I think there 
is a lot of influence in what is going on in the 
classroom. 

That the consortium is successful in its operation, both in 

the number of members it attracts to conferences and in the 

work that it does for teachers, is like a reward for Tim. 

He speaks proudly of the accomplishments of the BRMC: 

We used to evaluate our conferences. We'd hand out 
evaluation forms. We stopped doing this, and this is 
going to sound a little pompous, because so many 
people . . . all they said was "fabulous, wonderful, 
looking forward to the next one." They could not 
criticize what we were doing. Finally we just said 
this is a waste of paper. Everything we seem to do, 
they like. When you have that kind of feedback it's 
pretty easy to stay excited. 

At this stage in the history of the BRMC the 

University of st Heliers does not playa large role in the 

organization. Tim, however, recognizes the benefits to the 

organization of association with the University of st 

Heliers with its strong trans-Canada mathematics 

reputation. He views the interaction between the 

organization and the university as a healthy one, and one 

that bears some weight on the direction the consortium 

takes on certain issues. There is also the added advantage 

that the university is willing to provide speakers, at no 

charge, for speaker panels, workshops, and presentations. 

In summary, Tim finds his interactions with 

mathematics educators through the BRMC to be extremely 
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valuable personally. He thinks that the association of the 

organization with the University of st Heliers enhances the 

image of the BRMC and contributes to its success. He 

relates its success to the benefits that teachers and 

students in schools get from the work the organization does 

for mathematics education. 

Summary. The three teachers interviewed represent 

different perspectives on the interactions that result from 

the mathematics education programs associated with the 

University of st Heliers. The two more experienced 

teachers show a focus in their perspective that is not 

evident in the younger teacher. The reasons for their 

foci, however, are entirely different. For Petra, 

professional activities are somewhat self satisfying. Her 

students are successful in competition and she likes doing 

problems. In addition she finds satisfaction in knowing 

that standards are being set. For Tim, an uncertainty is 

dispelled through interactions with colleagues, and 

personal satisfaction is gained through the feeling that a 

contribution is being made to education in general. Zena 

uses the process of reflection in her practice and one of 

the outcomes is changing practice. She finds professional 

activities, including those that she undertakes through the 

University of st Heliers, to be a way of bringing 
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educational issues to her attention and of keeping up-to

date with current trends in education. 

For all three teachers interviewed, the interactions 

that result from their activities with University of st 

Heliers programs are an integral part of their professional 

lives. They acknowledge the part the educators from the 

university play in making this aspect of their careers 

meaningful. 

contextual Conditions 

Considering all of the University of st Heliers' 

programs through which interaction among mathematics 

educators occurs, there are four contextual characteristics 

that prevail. They are respect, equality, support, and 

open discussion. Both high school teachers and university 

educators see these characteristics as important in the 

development and continuation of interactions. The sections 

that follow will consider the four characteristics in 

detail. 

Respect. In an analysis of the data, one term that 

recurs is the term "respect." Mathematics teachers respect 

the university mathematics educators. University 

mathematics educators respect the high school mathematics 

teachers. The university in general is thought to respect 

the work that is accomplished by this collective group of 

educators. Associated with this respect is the notion that 
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the work being done is valuable. This in turn has 

generated respect from those in authority, the Dean of the 

Faculty of Mathematics in particular. Mathematics faculty 

also have a positive feeling towards the work of the 

educators associated with these programs. That many 

professors have volunteered their time to speak at 

conferences and to help with marking attests to their 

allegiance to the programs in mathematics education. 

Among reasons for the growth of respect, consistency 

of effort by participants is striking. People have been 

willing, over a period of 20 years, to expend extra time to 

make sure that activities run smoothly and that they meet 

the current needs of educators. Another factor is that 

there has been stability in the personnel involved at the 

university level. These educators are known to a wide 

community of teachers and they still, to this day, go out 

of their way to become known. 

Equality. The hierarchical structure of institutions 

is in place at this location, but, in the way that 

mathematics educators interact, it is in diminished form. 

There is a sense that the university needs the teachers to 

be able to accomplish their tasks, as indeed they do. This 

need then generates a feeling of importance in the teachers 

to the point where there is a perceived equality of status. 

The teachers have quite a lot of say in some of the 
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programs, the BRMC for example. In others, the university 

educators are the directors. Overall, there is a sense 

that all involved have the same goal--to strengthen the 

teaching of mathematics. This common goal binds relations. 

In the marking sessions, for example, teachers and 

university educators were observed discussing and arguing 

points of contention. The teachers did not demonstrate any 

position of inferiority nor did the university educators 

demonstrate any position of superiority. Another example 

comes from Zena, who remarked that, if she had a question 

relating to the teaching of mathematics, she would be just 

as likely to call one of the university educators to 

discuss the matter as she would be to call one of her 

colleagues at the school where she teaches. 

Any further diminution of the hierarchical structure 

would be well nigh impossible. It is the aim of the 

educators in the Faculty of Mathematics at the University 

of st Heliers to treat high school teachers as equals; the 

evidence points to the fact that they are succeeding. 

Associate Dean Opler's remarks are representative of data 

collected: 

I think that we treat high school people . . . as 
equals, and I think that they feel that we treat them 
as equals. That's our goal. If I were to say one 
thing about other universities, it is that they don't 
have that goal. When people say to me what is the 
difference between other people and what you do or 
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factor. 
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When we go out visiting, we often try to get a 
group of teachers together (and) sit down and have a 
beer. I think that by and large it's not a case of 
equals because you are coming from different fields, 
but you are equals as human beings. We have something 
to offer them, and I always learn something from 
them. If they learn something from me and I learn 
something from them, well that's all you can hope for. 

Support. A third contextual condition that surfaces 

from the data as important is that of support. Again the 

support is not unidirectional; in fact it is circular in 

form. The university supports the mathematics educators in 

its employ. The university educators support the teachers 

and the teachers support the university. Support, it is 

noted, is tied to concepts of respect and equality. 

As an example of this circular support, consider the 

liaison program that the university runs with schools. The 

university supports a pool of professors who participate in 

liaison work. They ensure that these professors are given 

adequate time to participate in these endeavors. The 

university educators believe that their main role in 

liaison activities is to support the teachers. The 

teachers, as a result of the support they are afforded, 

have positive feelings towards the University of st Heliers 

and support the institution by talking about the available 

courses and generally acting as ambassadors. 
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This mutual support is one of the strengths of the 

mathematics education programs. It creates an environment 

that is constructive in an educational way and at the same 

time one that is socially appealing. The grass roots 

orientation is one of the ways that this mutual support is 

maintained. 

Open discussion. This condition, unlike the other 

three above, is related to how interactions occur. The 

environments in which interactions occur are those 

characterized by the following conditions: where all input 

is valuable, where all can contribute, and where no one 

person or body has the correct solution. One can relate 

this environmental scenario to the problem-solving 

philosophy espoused at the University of st Heliers. That 

there is no one right way to do something and that all 

methods and solutions are worthy of consideration could in 

fact apply to the forum for discussion or to the 

presentation of a solution to a problem. In both 

situations, the forum is open. 

within each of the mathematics education programs 

there is a place for open discussion. Even outside of 

formal meetings, discussions continue in an open way. That 

teachers are given a place to think out loud and to reflect 

on their own practice are benefits of such an open format 

for discussion. Teachers view opportunities for discussion 
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of current issues as a particularly valuable aspect of the 

interactions. 

Petra recalls a situation where the use of calculators 

was discussed at a marking session: 

I just remember a particular question that was asked 
last year that didn't exactly invite a calculator use, 
but the kids who blatantly used calculators (as it 
turned out) lost two marks because they (the markers) 
were looking for exact values and they were not 
looking for decimal approximations. So I thought it 
was very interesting and worthwhile to listen and 
participate in the discussion of whether or not that 
was OK. Had the kids been set up; that sort of thing. 

She went on to say that this sort of discussion impacts on 

the way she teaches and the way she thinks about matters 

related to mathematics such as calculator use. 

Summary. These four contextual conditions run across 

the programs that are the basis for interactions among 

mathematics educators at this eastern Canadian site. No 

one could be said to be more influential or important than 

the other; in fact they are all related. An open forum for 

discussion exists because there is respect between 

participants. Respect has been nurtured through a feeling 

of equality and, because of a feeling of equality, 

participants support each other in their quest to improve 

mathematics education. 

outcomes of Interactions 

Three particular outcomes emerge from the data 

collected. The dominant one is related to a concern that 
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educators and the public (Walker, 1992) have expressed 

about the state of mathematics education in this eastern 

Canadian province. The second most significant outcome is 

related to problem solving, and the third is the benefit to 

students. 

Standards and problem solving. The concern about 

education has to do with standards. People feel the 

standards in mathematics (and reading) are deteriorating. 

One mathematics critic claims that the "grim performance" 

of students on a recent national survey was "even worse 

than the results indicated" (Walker, 1992). Standards, as 

a theme, emerges as a dominant issue from all the data 

sources used in this study. Mathematics educators believe 

that, through the work and effort they put into the 

programs run by the University of st Heliers, they are 

helping to promote higher standards. Three of the programs 

in particular address this problem, each in its own way. 

For the BRMC, one of the most successful pUblications 

in recent years has been the set of sample mathematics 

examination papers. The demand for this publication 

attests to the fact that teachers are looking for guidance. 

The teachers involved in the examination publication 

express satisfaction in knowing that they have done the 

profession a service through the pUblication of these 

papers. At the same time, these educators suggest that 
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they have a better perspective on standards as a whole and 

on what students can expect as they enter college. 

One of the greatest assets of the contests is the 

output of problems. Quite apart from the problems that 

appear on contests, which are then used by teachers in 

subsequent years, there is the generation of problems by 

the teachers themselves as they prepare students for 

contests. In addition, any heightened awareness of problem 

solving that arises as a result of the contests is thought 

to be of benefit to students. This focus on problem 

solving is very much in line with the directions that the 

NCTM (1989) proposes. 

Another aspect of the contests that is an outcome of 

the process, as a whole, is the establishment of 

benchmarks. To quote Petra, "The contests have become a 

measure for our students' success." Like other teachers in 

this eastern province, she has no other standard against 

which to measure her students' success. While attempts at 

some form of standards setting have been made by the 

Ministry of Education and by local school districts, there 

are no province-wide standardized tests, nor are there any 

province-wide school leaving examinations. Universities 

rely on marks from individual schools in making their 

decisions as to whom to offer places of admission. 



245 

The Co-op Mathematics Teaching option is a more 

fertile ground upon which seeds of teaching are cast. The 

program does, albeit in an indirect way, playa part in 

establishing a set of standards for mathematics in schools 

and in promoting problem solving as an intrinsic part of 

mathematics education. Mr statton best tells the story: 

So the teaching option provides graduates from here 
who already have a story to tell. Hopefully their 
undergraduate years were enjoyable, worthwhile. That 
they got the stimulation, the challenge, and the 
rewards that a math program will give you. That while 
they were on industrial work terms, they have a feel 
for what math is doing and where it's going and what 
you can do with it. And that can be shared with the 
students in the classroom. And just to emphasize the 
impact that that can have, at this most recent meeting 
of, the BRMC fall meeting, of the 270 people there, in 
just my quick perusal, I must have bumped into about 
70 graduates of this teaching option. 

Benefit to mathematics education. It is interesting 

to note that the teachers interviewed who participate in 

activities at this site do so for the benefit of 

mathematics education in general. There is a focus on 

students but it is indirect. When asked about the benefits 

of their efforts, educators who were interviewed said they 

thought that their teaching improved and that the products 

of the activities helped teachers, but they did not speak 

directly of the benefits to any particular group. 

Associate Dean Opler's words captured the thrust of this 

feeling when he said, "If you, say, come down and mark and 

you go back and teach differently than you would have 
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otherwise, then you've won, and we've won and your students 

have won." This notion is related to the concept of mutual 

respect, support, and equality. There is a quiet 

atmosphere of understanding that participation in these 

ventures is for the benefit of mathematics education. 

Conclusion 

The activities at this site engage participants from 

pre-service student teachers to teachers who have retired. 

There is an atmosphere of mutual trust and understanding 

that has built up through long associations and admiration 

for the work that has been accomplished by various people, 

most notably Associate Dean Opler and Mr statton. That the 

work could not have been undertaken without the support of 

the university is an understatement. The Faculty of 

Mathematics has been a never-ending source of strength for 

the programs and activities of mathematics educators within 

its walls, in the institutions throughout its jurisdiction, 

and beyond. That the University of st Heliers has 

developed such a strong reputation for mathematics in its 

short history is a tribute to those who have nurtured it. 

Through efforts to maintain and set standards, to promote 

problem solving, and generally to aim for better 

mathematics teaching, the university mathematics educators 

have played their part in enhancing the reputation of the 

Faculty of Mathematics of the University of st Heliers. 
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The Two sites: Common strands 

In considering both sites together there are, of 

course, similarities and differences to be noted. The 

intent of this part of the chapter is to draw out the 

similarities and to look at the data as a whole for trends 

and patterns both in the interactions among mathematics 

educators and in mathematics education itself. 

The University Educators 

Professors or not, the university educators in this 

study have clearly defined goals for the programs and the 

students they are targeting. They also keep teachers at 

the forefront in their thoughts about interactive 

endeavors. 

At both sites there is a small team of dedicated 

people who are energetic and committed to their goals and 

to mathematics education. The activities for teachers and 

the in-service education programs at the two universities 

are a direct result of their efforts. 

An interesting similarity in the two sites is the 

focus on problem solving. Problem solving is, today, one 

of the major platforms of reform in mathematics education 

(NCTM, 1989). The educators at both sites form the 

vanguard in this regard as they have concentrated on 

problem solving for over 20 years and provide insight as to 
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the positive effects it can have on teachers and, in turn, 

students. 

While it is not the intent of this analysis to dwell 

on differences at the two sites, there is one difference 

that is pivotal in determining the types of programs 

instigated. That difference is the focus on all students 

and all teachers at the southwestern site whereas at the 

eastern site the focus is on talented mathematics students 

and specialist mathematics teachers. It is interesting to 

recall that innovations in mathematics have often been at 

the expense of the average mathematics student (Fey, 1978). 

From this perspective the Glendowie programs are going 

against the trend. Even though there is this difference in 

focus, the context characteristics and outcomes of the 

interactive work have many common elements. 

The Teachers 

As a group, the six teachers interviewed provide an 

interesting set to be an~lyzed. Hubermann's career cycles 

(cited in Fullan, 1991) seem to be verified to a certain 

extent. His cycles are surviving and discovering for the 

first three years, stabilizing practice in years four to 

six, experimenting and diversifying in years seven to 

eighteen, and winding down after 19 years in practice. 

These six teachers were all involved in some form of 

in-service activity and therefore could not be said to be 
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typical of a random group of teachers. They did, however, 

verify that the first part of their careers was spent in 

the surviving and discovering mode and that elements of 

stabilizing practice, experimentation and diversification 

followed the inductive cycle. For the teachers involved in 

this study, reflection, as a component of practice, 

developed with experience. Reflection in turn was 

accompanied by elements of ownership, both of the 

mathematical content being taught and of the pedagogy. The 

fourth cycle, winding down, was not found in this study 

although it must be pointed out that the design of the 

study called for interviews with teachers who demonstrated 

leadership. It so happened that the leadership teachers 

interviewed were very experienced in terms of years of 

service. 

The two teachers in leadership roles in this study do, 

however, draw one's attention to the fact that there are 

extremely valuable roles and functions for experienced 

teachers. They believe that they contribute to the field 

of mathematics education through the work they do in in

service education. They themselves still very much relate 

to classroom practice and talked about things that were 

bothering them individually and things they have done 

differently as a result of recent in-service activities and 

interactions with other mathematics educators. 
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One could say then that a career cycle does seem to be 

followed by mathematics teachers, but this cycle might be 

quite different from that suggested by Hubermann. For 

teachers who participate in interactive endeavors with 

mathematics educators where a university is involved as 

part of the process, the latter years in particular might 

become more fruitful for them in their own classrooms, in 

in-service activities, and in their contribution to 

education in general. 

The context 

Support is the number one common element. At both 

sites many references were made to support. The university 

supports the educators and the educators support the 

university. Trust and respect are part of this pattern and 

they extend to persons and institutions outside those 

directly involved in the mathematics education programs. 

The support referred to comes in many forms. First 

there is funding. Adequate funding is a key to the 

programs offered. At the southwestern site much of the 

funding is external, whereas at the eastern site much is 

internal to the university. Notwithstanding, attention to 

this aspect of the programs is central to their success. 

Moral support and respect offered to mathematics educators 

by mathematics professors is also an element at both sites. 

The work in mathematics education is an integral and 
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legitimate part of each organization. Legitimacy seems to 

have been gained through, again, the dedication and 

commitment of a small band of people over a number of 

years. 

Another contextual characteristic that appears in a 

different way at each site but is nevertheless present is 

openness. At the southwestern site, openness comes in the 

form of openness to new ideas, practice, and beliefs. At 

the eastern site, openness is manifested in the open 

discussions that are an integral part of the interactions. 

In both, receptivity to other people's views is seen as a 

significant part of the context of interactions. 

The Outcomes 

Increased interaction is seen to instill elements of 

change in the practice and beliefs of educators. Teachers 

talk of being invigorated and excited and of reflecting on 

their practice after involvement with other educators. The 

changes in practice are individual; this is seen as a 

positive sign that the programs are not producing clones of 

the instigators or leaders of the activities. 

The impact on students is another strong outcome at 

both sites. The educators have not lost sight of the 

students who are, after all, the reason for education and 

the reason for the initiation of mathematics educations 

programs. The variety of programs at the two sites 
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occurred for an equally large variety of reasons, but all 

programs had to do with students, and the educators 

involved see student benefit as an outcome even though, for 

some programs, the actual benefit may occur at some point 

in the future. 

On a final note, it is appropriate to suggest that the 

mathematics educators involved in interactive ventures at 

the two sites of this study believe that their work is of 

benefit to the mathematics education community generally 

and to students of mathematics specifically. 
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Through descriptions of interactions among mathematics 

educators at two specific university sites, this study has 

featured a particular type of professional development for 

teachers, namely that which involves university educators 

in a university setting. At both sites there were forums 

for interactions among mathematics educators. The 

educators believed in the possibility of improving the 

performance of students, and considered the interactions 

they experienced, through their association with other. 

educators in university programs, to be of help in their 

own teaching. These findings directly support the findings 

of Desforges and Cockburn (1987) who reported that 

mathematics educators are convinced that schools can 

improve current performance. 

That a forum for discussion was a component of the 

interactions at both sites is a positive sign that 

educators are talking. It supports the NCTM (1989) 

position that collaboration among all mathematics educators 

is one way to successfully meet the challenges of school 

mathematics. The subjects in this study did talk to and 

with each other in a collaborative way. They were facing 

problems as a group of mathematics educators, not as 
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independent persons nor as representatives of 

organizations. There was a common interest, a necessary 

component according to Goodlad (1988), that provided a 

framework for discussions. The common ground in this study 

was students, but at different sites other concerns such as 

local issues could well become the focus in need of 

resolution. 

Discussion Related to the Research Questions 

At the outset of this study four research questions 

were asked. The first related to the purpose of the 

interactions. While asking this question of individuals 

brought forth many different answers, collectively there is 

one definitive answer and that is to help students. As it 

turns out, the particular target group of students was 

different at the different sites; nonetheless helping 

students with their study of mathematics did emerge as the 

purpose of the interactions. 

The second research question was "How did the 

interactions begin?" Again the definitive answer relates to 

students in that concern for students was how the 

interactions began. At one site the concern was the 

preparation of students as they entered university, while 

at the other site it was a concern that not enough was 

being done for talented students. Either way, concern for 
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a target group of students was the reason for beginning the 

interactive programs. 

The third question asked at the outset of this 

research concerned the outcomes, effects, and consequences 

of interactions, and the ways the interactions related to 

secondary school students. To answer the latter part of 

the question first there is no doubt that teachers and 

university educators at the two sites under study indulged 

in processes of interactions with students front and center 

in their minds. Discussions centered around activities in 

classrooms. Teachers continually talked about how they 

would do certain things in their classrooms, what questions 

they would pose for their students, and how they would 

evaluate their students. Thus the interactions did relate 

to students and would likely affect students through 

changes that the teachers underwent in their thinking about 

classrooms. 

In terms of the actual outcomes, effects, and 

consequences, each participant interviewed had a different 

perspective. Many of the differences can be related to 

years of experience in that teachers in their first decade 

of teaching were more inclined to relate their professional 

development to the classroom whereas more experienced 

teachers talked of the benefits of professional development 

to education in general. 
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Participants experienced personal gain from the 

interactions and took ideas and increased expertise back to 

their classrooms. In addition, many believe that their new 

knowledge will, in due course, be of benefit to other 

teachers and, in turn, other students. Consequently they 

reason they are benefitting mathematics education in ways 

that extend beyond their own classrooms. 

The fourth and final question raised as this study 

began related to the context conditions of the environments 

where interactions take place. The simple answer is 

support. At both sites, strength and diversification of 

support were key elements in the success of the programs. 

The support took many forms including external and internal 

funding and support from the participant's employers. 

special arrangements in terms of time off from classes and 

money for materials were forthcoming from both the 

universities and the school districts involved. Support in 

the form of mutual respect among participants was also a 

factor. Respect from the greater educational community, 

including mathematics professors not involved in the 

programs, was seen by participants as support for what they 

were doing. 

Associated with the various forms of support was a 

condition of equity. Participants in the various programs 

took part under conditions in which they were considered as 
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equals. All believed that they had been able to help 

someone else and that they in turn got helped. Both the 

university educators and the high school teachers expressed 

these thoughts. Although participants recognized the 

hierarchial structure of secondary and tertiary education, 

the environment in which they participated was open, non

threatening, and thought of as mutually beneficial. 

Sessions in the various programs were open to the extent 

that discussions were encouraged and that there were no 

right or wrong answers to questions posed. The concept of 

open discussion is a condition that emerged as contextually 

important to the personal relations and the learning that 

took place. Related to the notion of equality is the 

notion of sharing and collegiality. By sharing their 

expertise, participants made the sessions a beneficial 

experience for all. 

A final but very important component of the 

interactions was a small group of dedicated, energetic, and 

enthusiastic university educators. At both sites there was 

actually a core of educators including both teachers and 

university personnel who together formed the unifying body 

for the interactions. It is, however, the university 

educators who were the central cogs in the wheels that kept 

the activities moving forward. 



258 

Relating the study to the Literature 

In the review of literature in chapter two, three 

major sets of factors were considered. The discussion will 

now return to those sets of factors and will relate the 

findings of this study to the relevant literature. 

curriculum and Instruction 

Jackson and Archilles (1990) suggest that determining 

the problems is a part of the process of educational 

reform. Determining the problems in mathematics education 

would also be a logical step in the process of in-service 

education for mathematics teachers. Several topics 

(perceived problems) were broached by the educators 

interviewed for this study, but indications of how to go 

about reform were not forthcoming. The concept of social 

change was flagged as something to be aware of, but comment 

went no further than that. The educators were aware of 

social change and thought that it must be addressed by the 

community of educators, but they have not formulated any 

processes to deal with even a consideration of the changes. 

It is all very well to say that with computers we are 

entering the technological era, but what people will do 

differently as a result has not been well documented in 

terms to which teachers can relate. Hence there is no 

clear path for teachers to follow in preparing themselves 

or their students for societal changes that are occurring. 
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The teachers are asking "how" to use computers in their 

classrooms, as Yvon (1987) said they would, but as yet 

there is little curriculum change transpiring. That the 

educators in this study were involved in forums where 

discussions were encouraged and that they talked about 

their practice, suggests that their practice would not be 

static and bounded as the NRC (1989) suggested it might be. 

The direction of the changes with regard to computers, 

however, is not clearly demarcated. 

In talking about curriculum one cannot avoid 

discussing standards. standards was definitely one topic 

that came under discussion at both sites. At the eastern 

site, the participants saw themselves as the standards 

setters in the absence of other measures. At the 

southwestern site, the discussions did focus on measures of 

standards currently in place, but the discussions were 

constructive and not overly critical. Tucker's (1991) 

suggestion that schools and universities collaborate on 

standards is legitimized by this study in view of the fact 

that participants did benefit and that students would 

likely benefit from the discussions that educators had 

about standards. 

Related to standards is evaluation. Some of the 

participants in this study talked about evaluation in ways 

different from pencil and paper testing; this points to 



260 

possible changes in the way teachers will think about 

evaluation in the future. The change is not large, and 

while there were some participants for whom the notion of 

something different was a mere glimmer, there were others 

who are already thinking in terms of group processes and 

written ideas as they ponder the evaluation of problem 

solving as they are now teaching it. The suggestion by 

McLean (1990) that we move away from the pencil and paper 

test is therefore not as remote as one might at first 

think. 

The curriculum question that must be asked is "What is 

it then, that educators see as the package that might be 

called mathematics education?" For the people in this 

study the package is essentially a series of problem

solving exercises, to some degree or another. All 

participants were adherents of problem solving and indulged 

themselves and their students in it on a day-to-day basis 

as part of the mathematics they taught. While there would 

be a variation in emphasis and style from one teacher to 

another, notions of application, conjecture, inquiry, and 

discussion would be found in the classrooms of the 

participants. This prediction is quite the reverse of the 

observation made by Stodolsky, Salk, and Glaessner (1991) 

who found notions of conjecture, inquiry, and discussion to 

be largely ignored in mathematics classrooms. In actual 
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fact the problem solving that was promoted at both sites in 

this study is more than just application; it is more in the 

form of the problem solving envisioned by Bereiter and 

Scardamalia (1992) in that it is a way of learning. It is 

problem solving that uses the techniques of refutation and 

criticism (Lakatos, 1976) in an exploratory mode like that 

suggested by Ruthven (1989). 

Teacher Knowledge and Beliefs 

Educators in this study perceived the student to be 

the central focus in their interactive endeavors. They saw 

problem solving as the critical element in mathematics 

programs. These two factors, students and problem solving, 

strongly support Fenstermacher's (1986) notion that the 

central focus of teaching is enabling the student and 

Cobb's (1987) suggestion that developing meaning in 

mathematics may be a key to overcoming the problems that 

have haunted mathematics teachers in the past. The 

problem-solving activities alluded to by educators in this 

study were not of the simple application type but of the 

thinking type. They focussed on thinking about the 

mathematics involved rather than on the end result of a 

question or problem. The teachers were thinking about 

mathematics in terms of developing meaning and were not 

thinking of mathematics in terms of formulas and 

algorithms. 
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One of the teacher subjects involved has clearly 

changed her beliefs about mathematics and about teaching 

mathematics over the time that she has taught. She has 

moved from a very formalist perspective to one which is 

more constructivist in nature. One of her reasons for 

entering the teaching profession was to be the boss. She 

looked forward to the prospect of telling students what to 

do. Now her whole notion of a classroom is that of a place 

where learners (and she includes herself in this category) 

can talk, interact, and develop meaning. Clearly she has 

changed her beliefs. As such she contradicts the 

suggestion made by Hanson and Herrington (cited in zeichner 

& Tabachnick, 1985) that teachers move from a progressive 

to a traditionalist stance and also contradicts Wood's 

(1990) tenet that beliefs may be impossible to change. 

For the most part the teachers in this study were 

experienced in classroom practice and had academic 

backgrounds in mathematics. They talked about creative 

activities in their classrooms and about their work with 

students. They gave no indication of being slaves to their 

work, a notion suggested by Hollingsworth (1989). In fact 

the teachers spent time talking about placing mathematics 

in contexts to which students could relate. While there 

was no resolve on the issue of suitable contexts, they did 

talk about it and were genuinely concerned about this part 
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of their practice. Generally their notions of practice 

supported the ideas of Steffe (1990) and Glaser (cited in 

Cobb, 1987) in that, by having students as their focus, the 

teachers were treating mathematics more as a human activity 

even though their framework was not necessarily one to 

which students could relate. 

Staff Development 

That interactive processes among educators can impact 

on teacher's thoughts about their practice is without 

question. What is interesting about the programs studied 

for this research is that most were part of an ongoing set 

of professional development exercises. The high school 

teachers and the university educators saw staff development 

as a longitudinal process. This parallels the thinking of 

professionals in other fields who consider in-service 

education to be a part of their work (Cogan, 1975). Other 

views about staff development and its purposes vary from 

the idea that teachers take part in staff development 

programs to acquire new knowledge (Neff, 1990) to the idea 

that the purposes of the programs is to reform instruction 

(Simon & Schifter, 1991) to the idea that staff development 

is a way to remedy weaknesses (Dologos, 1990). The 

interactive programs in this study encompassed all of the 

above factors. 
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One criticism that could be levelled at some of the 

programs studied for this research is that the cultures and 

environments of schools and of students were not addressed 

either in casual discussion or in construed situations 

during the interactions that took place among educators. 

The problem-solving element did take into consideration the 

application of mathematics, but did not necessarily relate 

to the world of the students. Relating mathematics to the 

world of the students is an issue that will likely become a 

greater problem for teachers to both define and resolve. 

In both the united states and Canada, racial tension and 

immigration will likely impact on teachers' thinking about 

how to relate mathematics to the environments and cultures 

of their students. 

What is positive about the programs studied is that 

they do meet the needs of teachers. The survey conducted 

by Melnick, Iwanicki, and Gable (1989) asking teachers to 

rank their professional development needs, found use of 

technology and resources, fostering of thinking and 

communication skills, and evaluation of students to be the 

three top-ranked needs. Although no one program in this 

study met all three, all did meet at least one. 

It is not surprising then that the results of this 

study parallel the findings of Haimo (1991) in that 

teachers involved in these interactive programs felt good 
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about what they were doing and thought of collaborative 

efforts among university educators and high school teachers 

as worthwhile activities. At both sites the initial 

interactions were instigated by the university educators; 

nevertheless a feeling of trust developed and feelings of 

inferiority among the teachers was not a factor. At the 

eastern site, one of the programs has actually been taken 

over by the teachers with the university now assuming a 

minor role. 

It could be suggested that rather than having teachers 

initiate programs of interaction as suggested by Thiessen 

and Kilcher (1991), a model whereby the teachers gradually 

take over the operation of the programs may prove to have 

positive benefits. The university educators do have 

expertise in writing proposals for grants and in securing 

funding, a necessary component of any staff development 

program, so perhaps the best model is to encourage 

universities to begin programs but also to divest 

themselves of their responsibilities, to the teachers, 

slowly over a period of years. 

The need for a common theme (Griffin, 1990) as a focus 

for the interactions is endorsed by this research. There 

was a strong feeling of bonding among the educators that 

was brought about by a common focus. At the eastern site, 

standards was a stronger theme whereas at the southwestern 



site, the notion of math for all was a theme about which 

educators aligned themselves. 
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As Griffin (1983) has suggested, critical factors in 

getting teachers and universities together are trust, 

mutuality of interest, shared governance, and realignment 

of institutional purposes. This study adds weight to those 

precepts. 

Emergent Themes 

The concepts of ownership and ongoingness were not 

focussed upon in the literature review nor were they 

considered during the formation of questions that were 

developed for the study. Both concepts did, however, 

emerge as relevant themes subsequent to the analysis of 

data. 

Development of ownership was noted as a byproduct of 

the interactions although it could not be claimed to have 

resulted solely from the interactions. It could be 

conjectured, however, that the interactions aided the 

process of ownership of mathematics content and of the 

pedagogy associated with the process of learning 

mathematics. 

Ownership of the mathematics that teachers have 

learned is, I believe, a key factor in determining how well 

students learn mathematics. There has been much rhetoric 

about the relationship between mathematical knowledge and 
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success as a teacher of mathematics (e.g., Ball, 1988; 

Post, Harel, Behr, & Lesh, 1988) in that, without 

mathematics content, one cannot expect to teach mathematics 

well. Like Pea (1987), I think that there is another step 

in the process of learning mathematics that teachers need 

to undergo, and that is the step of taking ownership of the 

content that they are to teach. It is only then that 

students will gain the full impact of teachers' knowledge. 

Pea (1987) suggests that in-service programs may be a way 

for teachers to take ownership of the material they teach, 

a view that this study supports. It is recognized, 

however, that the concept of ownership was not defined as 

part of this study: it merely emerged from the data as a 

factor relating to interactions. 

The concept of ongoingness was found to be an inherent 

characteristic of programs at both sites in this study. 

The concept was manifest in continuous support, refining of 

programs over a long period of time, and dedication to 

teacher education. This aspect of professional development 

is considered by both Griffin (1986) and Fullan (1991) to 

be an important characteristic of teacher education 

programs. 

Development of a Theory 

While it is recognized that this study has centered 

upon just two sites, there is evidence to suggest, when 
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considered in light of past research such as the Research 

in Teacher Education program (Hoffman & Edwards, 1986), 

that there are characteristics that influence the 

development and strength of interactions among mathematics 

educators. 

The single most important and overarching component is 

a centrality of interest in students. Whatever takes place 

in the interactions, be it discussion, computer use, or 

curriculum development, interest in students as the 

paramount component will render the interactions meaningful 

to the educators involved. 

with interest in students as a component in place, 

five characteristics that will enhance the interactions 

are: 

1. commitment and ongoingness. This characteristic 

relates to the educators involved being committed to what 

they are doing in staff development or in-service programs 

that are continuous and ongoing. commitment to students, 

to teaching, and to improving education on a continuing 

basis are seen as positive attributes in an environment of 

interaction. 

2. Vision. Vision is a characteristic relating 

specifically to the leaders of the programs. Clear goals 

that all participants can understand and embrace contribute 

to meaningful interaction among educators. 



3. Trust. A sense of mutual trust embedded in a 

collegial atmosphere is a characteristic that, when 

present, forms a bond between educators. This 

characteristic may be the key to the establishment of 

longitudinal relations. 
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4. Support. Support takes many forms. Individuals 

supporting one another, institutions supporting 

individuals, and individuals supporting institutions all 

bear on the success of interactive endeavors. This 

characteristic may grow as a result of increased trust and 

will be enhanced by links formed by individuals, for it is 

individuals who will make the difference. 

5. Openness. For all parties to participate to the 

extent that interaction is mutually beneficial, an 

atmosphere of openness should prevail. Educators sensing 

an equality with other participants will show a willingness 

to take part and will feel that their contribution is 

meaningful and worthy. 

Figure 4 shows the theory in diagrammatic form relating 

the five characteristics to the interest in students when 

interactions among mathematics educators occur in a context 

involving a university setting (see Appendix C). 

The data collected for this study have provided the 

seeds of the ideas for this theory. These seeds have 

germinated in the literature related to the professional 
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development of teachers. Future development will come from 

further thought, and refinement, in light of additional 

evidence from the field. 

Implications 

This study was designed to investigate the patterns of 

interactions among mathematics educators. Programs of in

service education involving high school mathematics 

teachers and university mathematics educators were 

investigated and features have been highlighted. While 

there were many patterns to be accented, there were other 

aspects that were indecisive and created questions that 

could not be answered or discussed in a meaningful way. In 

light of these issues, future research in the field of 

professional development for teachers might address the 

following concerns: 

1. What patterns of interactions are found among 

mathematics educators at the interface between high school 

and junior high school? 

2. Griffin (1987) has suggested that institutional 

linkages may result in the promotion of quality education. 

What then is the effect of the linkage structure upon 

interactions and how do they relate to the promotion of 

quality education? In this context, linkages refers to the 

lines of communication between bodies, be they 

institutional or individual. 
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3. considering beliefs as being on a continuum, how 

does interactive professional development impact on the 

movement of beliefs along the continuum? 

4. McLeod (1987) called for a framework to be 

developed upon which the work on teacher beliefs could be 

based. Could problem solving be expanded and developed 

into such a framework? 

5. How do teachers become motivated to participate in 

professional development? 

6. For educators who have been involved in 

professional development work for some time, what do they 

look for in their continuing efforts to improve their 

practice? 

7. What help is available for teachers as they try to 

relate their work to the cultures and environments of their 

students? 

8. Does exposure to and familiarity with software 

change teachers' ideas and beliefs about teaching 

mathematics? 

Whether future studies are conducted against a backdrop of 

one subject discipline or not, any findings related to the 

above questions would be helpful in adding to the 

literature already assembled. 
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Conclusion 

It is hoped that this study will prove to be of 

interest and benefit to individuals and institutions in 

their thinking about, formulating, beginning, and refining 

interactive programs for mathematics educators. The theory 

that has been proposed is entirely in the embryo stage but 

it is a beginning. Once again it is to be reiterated that 

this study is about two particular sites, and that the 

findings relate only to these sites. The findings have, 

however, been used to suggest directions for the 

development of theory and for future research. 

I do believe that collaborative links and interactions 

among educators in schools and universities can be powerful 

ways to enhance student learning. 

Epilogue 

My initial interest in this study came about through 

thoughts I had about how I would begin a university program 

of in-service education for high school mathematics 

teachers. Now, if asked to begin such a process, I have 

ideas that have a basis in research. First, I would 

involve university mathematics professors who have an 

interest in students and have the respect of their 

university colleagues for teaching ability. Second, I 

would involve a few well-known and respected teachers in 

the planning and development of a program. Third, I would 
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gather the selected personnel and have them talk. I would 

expect them to talk openly about support, about goals, 

about issues, and, most importantly, about students. I do 

believe that high school teachers and university educators 

can work together very effectively and should be encouraged 

to do so. 

That is how I would begin. 
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APPENDIX A 

INTERVIEW PROTOCOL FOR UNIVERSITY EDUCATORS 

This study is about interaction among mathematics 
educators. I am interested particularly in the interaction 
that exists between university mathematics professors and 
high school mathematics teachers. But before we get into a 
discussion of this: 

1. YOURSELF 
Tell me a little about yourself. 

Probes: 

2. ACTIVITIES 

academic preparation 
years of experience 
years at this institution 
years active in mathematics education 
interest in high school mathematics teaching 
knowledge about ---mathematics (what is your 

orientation?) 
---teaching 
---teaching mathematics 
---high school mathematics 

curriculum/evaluation 

What activities are you involved in that include 
aspects of secondary school mathematics? 

Probes: How did you get involved? 
What attracted you to it? 
Is your knowledge in the field fixed? 

(open mind?) 
How does the content of the activities get 
determined? 

3. BELIEFS - INTERACTION 
What do you believe to be the purpose of interaction 
between university personnel and high school teachers? 

Probes: How does interaction come about? 
How is it sustained? 
What does it lead to? 
Have your beliefs altered? 
What do you think is important for 

youngsters to learn from high school 
mathematics? 



4. BENEFITS - SELF 
How do you think you benefit from these activities? 

Probes: What is in it for you? 
Do you think your teaching has changed? 
Who else has benefitted? 

5. EFFECT - STUDENTS 
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What effect do you think these activities have on the 
mathematics education of youngsters in high schools? 

Probes: contacts with schools? 
carryover to freshman math students? 

6. CONTEXT CONDITIONS 
(A) What are the context conditions that are 

supportive of these activities? 
(B) What are the context conditions that are 

detrimental to these activities? 

Probes: 

7. CHANGES 

(For both questions A & B) 
pay 
leadership 
status differences 
follow up 
benefits 

Given the opportunity, what things about these 
interactions would you: 

(i) never change? 
(ii) change tomorrow? 
(iii) would like to think about a bit 

longer? 
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APPENDIX B 

INTERVIEW PROTOCOL FOR HIGH SCHOOL TEACHERS 

This study is about interaction among mathematics 
educators. I am interested particularly in the interaction 
that exists between high school mathematics teachers and 
university mathematics professors. But before we get into 
a discussion of this: 

1. YOURSELF 
Tell me a little about yourself. 

Probes: 

2. ACTIVITIES 

pre-service preparation 
years of experience/ type of experience 
years at current institution/# of other 

institutions 
staff development experiences 
involvement in curriculum development 
evaluation of students--how, what, why? 
knowledge about ---mathematics (What is your 

orientation?) 
---teaching 
---teaching mathematics 

interest in in-service mathematics education 

What activities are you involved in that involve 
interaction with university mathematics faculty? 

Probes: How did you get involved? 
What attracted you to it? 
Is your knowledge in the field fixed? (open 

mind?) 

3. BELIEFS - INTERACTION 
What do you believe to be the purpose of interaction 
between high school teachers and university personnel? 

Probes: How does interaction come about? 
How is it sustained? 
What does it lead to? 
Have your beliefs altered? 
What do you think is important for 

youngsters to learn from high school 
mathematics? 



4. BENEFITS - SELF 
How do you think you benefit from these activities? 

Probes: What is in it for you? 
Do you think your teaching has changed? 
Who else has benefitted? 

5. EFFECT - STUDENTS 
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What effect do you think these activities have on the 
mathematics education of youngsters in high schools? 

Probes: evidence? 

6. CONTEXT CONDITIONS 
(A) What are the context conditions that are 
supportive of these activities? 

(B) What are the context conditions that are 
detrimental to these activities? 

Probes: 

7. CHANGES 

(For both questions A & B) 
pay 
leadership 
status differences 
follow up 
benefits 

Given the opportunity, what things about these 
interactions would you: 

(i) never change? 
(ii) change tomorrow? 
(iii) would like to think about a bit 

longer? 
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