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Science as a body of knowledge holds a highly regarded place in society. In

recent years, science education has been the object of national scrutiny as the result of

assessment data that indicates that the scientific literacy of students in the United States is

marginal as compared to other advanced nations around the world. Students of color have

been especially targeted due to the historical underrepresentation of this group in the

sciences. Specifically access to a rigorous science curriculum and qualified teachers has

been implicated in improving the chances of traditionally underserved students to

participate and achieve in science.

The aim of this study was to explore the perspectives (i.e., the beliefs, knowledge,

and experiences) of prospective secondary science teachers regarding a science for all

reform agenda. Constructivist, critical, and feminist methodologies were used to elicit

prospective teachers’ views of equity in science teaching and learning as they described
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their experiences as science learners and prospective science teachers. The topic of

multicultural science education served as a context for focus group conversations.

Analysis of conversations revealed that participants’ lived experiences as learners

and teachers-in-the-making shape their views of science and science education, their

views of issues of diversity in teaching and learning, and their views of the organizational

features of schooling. A dialogic relational perspective (DRP) model that attends to

biography is proposed as a means for considering the roles of teacher, student, and

science in relationship to the goals of science for all. The model is presented and

discussed in the context of equity pedagogy for science teacher preparation and

development.



viii

TABLE OF CONTENTS

List of Figures x
Chapter One Introduction

Introduction 1
Statement of problem 3
Purpose of study & research questions 5
Philosophical underpinnings 6
Rationale 7
Concepts & definitions 8
Significance of study 11
Tensions & assumptions 11
Limitations of study 13
Overview of chapters 14

Chapter Two Literature Review
Chapter overview 15
Science achievement and participation 15
The state of science teaching – issues and challenges 17
Multicultural teacher education 20
Viewpoints (as beliefs, knowledge, and attitudes) on cultural
diversity and equity in secondary science teacher education 22
The influence of the apprenticeship of observation 25
Teacher beliefs, teacher knowledge 27
Teacher perspectives 30
Exploring the perspectives of prospective teachers regarding
science for all 31
Chapter summary 32

Chapter Three Methodology
Philosophical underpinnings 34
Methodological schemes – from design to enactment 35
The rationale for and structure of focus groups 39
Choosing constructivist, critical, & feminist methodologies 39
Participant selection and recruitment 46
Choosing relevant data for analysis 50
Supplementary data collection 52
Choice of readings for discussion 53
Data analysis 55
Findings and interpretation 61
Chapter summary 62



ix

Chapter Four Results
Chapter overview 64
About the participants 64
Multicultural science education as a context for dialogue 67
Learning “Science” – science vs. science education 70
Teaching “Science” for all? – science learning for diversity 84
Constructing “ability” and “achievement” in science
education – teacher expectations and the structure of
schooling 97
Shaping biography through teacher education 109
Equity moments – missed opportunities? 111
Chapter summary 113

Chapter Five Discussion
Discussion 116
Perspectives about science/science education 118
Perspectives about teachers and diverse learners (within a
particular school environment) 119
Perspectives about science education for diverse learners
(within a particular structure of schooling) 120
Dialogic relational perspective model 122
Equity pedagogy in science teacher education 127
Implications 131
Concluding remarks – personal reflections 133

Notes 134

Appendix A 135

Appendix B 136

Appendix C 137

Bibliography 138

Vita 163



x

LIST OF FIGURES

Figure 1 The development of a perspective 10

Figure 2 Designed methodological scheme 37

Figure 3 Enacted methodological scheme 38

Figure 4 Diagram of analysis process 60

Figure 5 Dialogic relational perspective model 126

Figure 6 Model for equity pedagogy in science teacher education 130



1

CHAPTER ONE
INTRODUCTION

Science as a body of knowledge enjoys a highly regarded place in our society

(Ahlquist & Kailin, 2003). As a way of explaining natural phenomena through

observation and theory, science provides a powerful medium through which we gain

understanding of our “world”.  School science has typically served as the obligatory

bridge over which many students cross as they learn about the world through a scientific

lens. However, some students find it difficult to successfully negotiate and navigate their

experiences in science education. Specifically, students who are of color, are female, live

in poverty, or are English language learners are demographically “at risk” for

achievement and participation in science (Carter, Larke, Singleton-Taylor, & Santos,

2003). At one point in our nation’s history, people of color were systematically barred

from participation in the sciences (Campbell, 2000; Fields, 1998; Pearson, 1985). Today,

however, many of these legal and social barriers have been removed or diminished. Yet,

a persistent gap remains in the achievement, educational attainment, and employment in

the sciences between people of color and Whites and Asians (NSF 1996b; Oakes,

Gamoran, & Page, 1992; Oakes & Wells, 1998; Simpson, 2001, U. S. Census Bureau,

2001). Certainly the lack of representation in the sciences by different groups of people

privileges particular views in science and potentially reproduces the status quo nature of

the field.  Consequently, concerned science educators have implicated the teaching of

science in traditional ways as a factor in perpetuating the marginalization of students of
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color from science (Atwater, 2000; Rodriguez, 1998; Barton & Osborne, 1998; Lee &

Fradd, 1998).

Nearly all teachers, experienced and novice, struggle with how to design effective

instruction that makes science meaningful for diverse groups of learners (Lee, 2003).

Oftentimes, even when encouraged to teaching in more constructivist reform-minded

ways, teachers continue to rely on traditional instructional styles in presenting science

content to students (Tobin, Tippins, & Hook, 1995). Furthermore, traditional science

often emphasizes Western or Eurocentric viewpoints that minimize or exclude alternative

ways of thinking about science. These ideas are often represented in school science

curriculum and instruction as universal and unproblematic. Typically, teachers present

“factual” aspects of scientific knowledge, and students in turn are expected to

indiscriminately absorb and retain this information. The “successful” science learner is

usually characterized as an individual who excels in a learning environment where

abstract and analytical thought and individualistic learning are emphasized (Carter et al.,

2003). Not surprisingly, such learning environments have proven effective for only a

select group of students. For many students, traditional science offers little that is

appealing or relevant to their daily lives. Disengagement in and from school science has

led to a decline in the number of students of all races pursuing science in postsecondary

education (Carter et al., 2003; Fields, 1998; Osborne, Simon, & Collins, 2003).
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Statement of problem

Over the past decade the call for science for all Americans has been transformed

from national rhetoric for increased scientific literacy to a mandated set of goals that are

incorporated into district curricular and instructional standards across the nation.

However, putting good intentions into practice remains the challenge of science

education reform. The goals of science for all have been articulated in a number of highly

visible and influential reform documents.  The National Science Education Standards

(NSES)  (pg. 36) state that teachers should “recognize and respond to student diversity

and encourage all students to participate fully in science learning”  (NRC, 1996).

Furthermore, the Standards “emphatically reject any situation in science education where

some people – for example, members of certain populations – are discouraged from

pursuing science and excluded from opportunities to learn science” (pg. 20).given this

explicit language, what then does science for all mean for the preparation of highly

qualified secondary science teachers?

Standards for science teacher preparation emphasize that teachers must be aware

of a myriad of factors on student behaviors and abilities in order to design effective

learning opportunities in science. These factors include race, gender, ethnicity, and

cultural issues as well as life experiences, learning styles, and social, emotional, and

cognitive developmental stages (NSTA, 1998; pg. 24). Having an awareness of these

factors is often considered requisite knowledge for the successful completion of most

university-based teacher preparation programs (Ladson-Billings, 1999a; Wilson, Floden,
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& Ferrini-Mundy, 2001). Coursework and/or field-based experiences remain the

predominant pedagogical methods used to introduce prospective teachers to the

aforementioned issues regarding culture, diversity, and learning.

In science education these issues take on a special significance, given the history

of systematic exclusion of certain groups of society from science. Although many of the

legal and social barriers have been eliminated, people of color still find that they are

largely underrepresented in the sciences. Some have pointed to the practice of ability

grouping in K-12 science curriculum and instruction in contributing to the persistent

participation and achievement gaps in science by students certain racial ethnic groups

(Hoffer, 1992; NWREL, 1997; Oakes, Gamoran, & Page, 1992; Oakes, Joseph, & Muir,

2004). Blacks and Hispanics have been shown to be overrepresented in lower track

science and are less likely to take more advanced science courses (e.g., Chemistry and

Physics) (NSF, 1996a; Oakes, Joseph, & Muir, 2004). Furthermore, in “low ability”

science classes teachers tended to emphasize the “basics” and the importance of science

in daily life, while teachers in “high-ability” classes were more likely to focus on

developing reasoning and inquiry skills (NSF, 1996a). Therefore, as students of color are

overrepresented in lower track classes, they are more likely to be the recipients of

instruction that emphasizes basic concepts, drill, and rote memorization (NSF, 1996a,

2002). This type of instruction diminishes opportunities to engage in science learning in

constructivist oriented ways.
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In light of the explicit emphasis in the aforementioned national documents

regarding student diversity and instruction, it is appropriate to consider more carefully the

role of science teacher preparation in developing effective teachers for all learners of

science. The goal of an inclusive science education admittedly conjures up varying

images of teaching and learning. However, two fundamental premises are essential to

actualizing this lofty ambition: 1) a recognition of the experiences, cultures, knowledge,

and contributions of diverse groups to the scientific endeavor, incorporating an awareness

of the historical, social, and cultural contextual influences on the development of

scientific knowledge; and 2) a belief that all children are capable of, and subsequently,

deserving of an opportunity that allows for crossing the border into the [sub]culture of

science (Aikenhead, 1996; Atwater, 2000). These two premises underlie the basis for the

reform efforts that are focused on providing equitable opportunities for students who

have been historically underserved in science education.

Purpose of study & research questions

The purpose of this study was to engage in dialogue with prospective secondary

science teachers to explore influences on beliefs and knowledge about issues of equity in

science education. I contend that the practical implication of realizing a science for all

vision means a paradigmatic shift in the agenda of those who teach science in the

classrooms of the 21st century. This agenda should reflect a commitment to providing

opportunities for all students to participate and achieve in science. In addition, teachers
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must take into account the diverse cultural views that may influence how science is

perceived by groups traditionally marginalized in science curriculum and instruction.

The following research questions are delineated to consider how future science

teachers perceive their roles in a science for all agenda.

1. How do future science teachers view an agenda of science for all in terms

of curriculum and instruction?

2. How do future science teachers envision their own instructional practices

and goals in relationship to a science for all reform agenda?

3. How have their personal experiences as science students influenced these

views?

Philosophical underpinnings

The philosophical and theoretical underpinnings for this study are set within a

critical multicultural and social reconstructionist vision of science and science teacher

education Proponents of this view assert that multiculturalism in education can promote a

“cultural emancipation”, fostering a universal respect for the histories, cultures, and

languages of diverse ethnic groups (Benne, 1995; Rugg, 1947, 1963; Sleeter & Grant,

1987; Suzuki, 1984). Given the extensive documentation of persistent disparities in

opportunities to learn for different groups of students, schools play a significant role in

mediating achievement as it pertains to future career options (NSF, 2002; Oakes, Joseph,

& Muir, 2004). Critical perspectives on the nature of schooling, specifically as it pertains

to science education, suggest that institutional structures and practices (e.g., curricular
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tracking) determine who can choose science as a viable career option. Knowledge of such

aspects of schooling is essential to helping key actors (e.g., teachers) to address issues

related to differential educational opportunities. A multicultural and social

reconstructionist approach enables a consideration of each individual’s role in reshaping

the marginalized status of historically underrepresented students in science. Mary

Monroe Atwater (2000) wrote that “cultural diversity [should be] appreciated in science

classrooms because it enhances rather than detracts from the richness and effectiveness of

science learning”. This attitude goes well beyond an additive approach in science

education, in which the contributions of diverse groups are highlighted as “special.”

Rather, a consideration of diverse “ways of knowing and doing” can facilitate a

recognition and an appreciation of the multifaceted nature of science as a body of

knowledge that advances civilization and improves in many ways the quality of life for

the human race.

Rationale

While the literature suggests a number of “best” or “culturally appropriate”

practices for teaching students of color who are typically characterized as

“disadvantaged”, “at-risk”, and “underachieving” (Annual Editions, 2003/2004; Banks,

1999; Hollins, 1996; Kuykendall, 1991; Ladson-Billings, 1994; NSTA, 2001), the reality

is that many beginning and experienced teachers continue to struggle daily with creating

learning environments in which these students consistently achieve and prosper (Delpit &

White-Bradley, 2003; Ladson-Billings, 1999a; Lee, 2003).
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This issue is of special significance and concern in the sciences where students of

color and those from low socioeconomic backgrounds are underrepresented in the field.

Studies that highlight “diversity training”, multicultural curriculum and instruction, and

field experience show that changes in and sustaining of equitable beliefs and actions

about teaching "other people's children" remain a challenge to the field of teacher

education (Delpit, 1995; Sleeter, 2001). Science teacher education is no exception

(Bullock, 1997; Rodriguez, 1998; Luft, 1999). Therefore, an understanding of the

perspectives of prospective secondary teachers about inclusive science and science for

all, informed by their own learning experiences, is necessary in elucidating and

developing their expectations for science learning and achievement for diverse learners.

Concepts & definitions

The term perspective, rather than belief or attitude, is used in this study to

describe the views of prospective teachers regarding a philosophy of science for all. The

literature suggests that there are important distinctions between beliefs and knowledge.

Beliefs are considered to have a more subjective and interpretive, while knowledge is

believed to be semantically stored and retrieved (Abelson, 1979). However, both beliefs

and knowledge have been found to have an episodic quality (Abelson, 1979; Shank &

Abelson, 1977). That is, recall or memory of experiences seems to be invoked when an

individual applies what they believe or know in a particular situation or context.

In view of the commonality of experience informing both beliefs and knowledge, a

relationship between experiences, beliefs, and knowledge is proposed in Figure 1.  The
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case will be made that the interplay between beliefs, experiences, and knowledge results

in the development of a perspective, which can be elicited and articulated within

conversational interactions.
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FIGURE 1: The development of a perspective

PERSPECTIVE

describes
mediate

articulated as

confirm /
contradict

inform

EXPERIENCES

KNOWLEDGE
constrained by

BELIEFS

“an ordered view of one’s world – what is taken for

granted about the attributes of various objects, events,

and human nature. It is an order of things remembered

and expected as well as things actually perceived, an

organized conception of what is plausible and what is

possible; it constitutes the matrix through which one

perceives his environment. …one’s perspective is an

outline scheme which, running ahead of experience,

defines and guides it” (Shibutani, 1955).
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Significance of study

In light of the prevailing achievement and participation gap, a consideration of

sociocultural and equity issues in science teacher education programs is critical to

understanding the goal of science for all in science education. The findings in this study

inform the field of secondary science teacher education, particularly regarding teacher

expectations for an inclusive science education. This study also lays the groundwork to

push forward a genre of research that is in dire need of development, namely that of

teachers’ perspectives regarding issues of diversity and equity in science education.

Bryan and Atwater (2002) put forth a call for research to “awaken dialog[ue] within

science education that exposes and makes explicit those longstanding, implicit

‘assumptions, attitudes, beliefs, and practices’ that serve to undermine a fair and

equitable education, particularly science education, for students who are from culturally

diverse backgrounds” (pg. 823).

Tensions & assumptions

Some interested in teacher education and teacher professional development argue

that expecting teachers to work to eliminate “social, educational, economic, and political

inequalities” is a daunting and unrealistic task for teachers (Fullan, 1993; Weiner, 1999).

Rather, an emphasis on the relationship between teacher and individual students should

be the central focus of teacher education. Fullan (1993) argues that two themes should

undergird reform in teacher education: a reestablishment of the moral purpose of teaching

(defined as making a difference in the lives of students) and the development of a
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knowledge and skill base that will inevitably influence classroom, school, and other

working conditions. While the purpose of teacher education does indeed deserve careful

attention in the articulation of aims and/or mission, the above argument fails to consider

that teaching occurs within the contexts of academic disciplines (e.g. science as subject

matter). And if these disciplines are situated in the structure of schooling so that they

impact the “social, educational, economic, and political” entitlements of certain groups of

people, certainly teacher education is compelled by moral duty to assist teachers in

understanding critiquing particular social “norms.” Furthermore, the knowledge and skill

base necessary to engage in this social critique must be made accessible at all stages of a

teacher’s professional development, from preservice to inservice.

Henry Giroux (1992) drew on the notion of teachers as "transformative

intellectuals" and in this manner, provided a scope to view teaching as a multicultural and

social reconstructionist endeavour.

"...while teachers may not speak as others whose experiences they do not share, they
certainly can speak about and to the experiences of racism, sexism, class discrimination,
and other concerns as historical and contingent issues that affect public life. ...extending
the logic of such a position is to create conditions within particular institutions that allow
both teachers and students to locate themselves and others in histories that mobilize
rather than destroy their hopes for the future. Such a position reconstructs teachers as
intellectuals whose own narratives must be situated and examined as discourses that are
open, partial and subject to ongoing debate and revision." (pg. 35)

The tensions and assumptions as articulated above push forth an agenda of social

justice in science teaching guided by “a set of beliefs that advocates for change in the

prevailing social structure and order” of schooling (Grant & Gomez, 2001). The call for

an emancipatory science education is in keeping with the stance of those science

educators who have implicated the culture of science, both as knowledge and practice, in
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the marginalization of certain groups of people (Aikenhead, 1996; Atwater, 2000; Barton

& Osborne, 1998; Lee, 2003; Rodriguez, 1997).

Limitations of study

This study is exploratory in nature and in that manner is intended to generate

some tentative understandings about prospective teachers’ experiences as they prepare to

teach science in socioculturally diverse urban school settings. The particular setting and

time, background and experiences of the researcher and the participants, and the

participatory nature situate this study in particular contexts that cannot be replicated in an

identical fashion. The design of this study invites prospective teachers with a certain kind

of commitment to developing their ideas about teaching inclusive science. Therefore, the

participants in this study are not assumed to be a representative selection of the general

teaching population.

Finally, the constraints of time and access influenced the study design. To allow

for optimal participation, meeting times were set to the convenience of the participants

and participation was limited to the population of prospective teachers that could be

accessed most easily. Therefore, individuals who were engaged in full-time teaching

were not solicited for participation.

Overview of chapters

The remaining chapters present a review of the existing literature (Chapter Two)

on science education as it relates to the contemporary challenges of a science for all

reform agenda, the research design and methods (Chapter Three) used to explore the
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perspectives of prospective teachers, the findings of the study (Chapter Four) presented in

a narrative format, and finally the discussion of the findings (Chapter Five) with

implications for further research.
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CHAPTER TWO
LITERATURE REVIEW

Chapter overview

This chapter provides an overview of the literature describing the state of science

teacher education as it relates to the goals of teaching science for all. Pertinent topics

include the condition of science education for traditionally underrepresented students, the

role of teacher views and expectations about students, and the influence of science

teacher education in preparing future science teachers in an era of science education

reform. The review presents what we currently know about preparing teachers for science

for all, and what questions remain as yet unanswered.

Science achievement and participation

In describing efforts to foster successful interactions and outcomes in science

education for socioculturally diverse students, an examination of the literature suggests

that more attention is warranted regarding the preparation of science teachers for diverse

learners. While there are several reasons for this, the most pertinent are the persistence of

the achievement gap in school science and the underrepresentation of people of color in

the field of science (Campbell, 2000). For example, test results from the 1996 National

Assessment of Educational Progress (NAEP) show that only 4% of Black students were

found to be proficient in science as compared to 24% of White students (The College

Board, 1999).  White students outperformed their Black and Hispanic peers in science in

all of the age groups (9, 13, and 17 years of age) that were tested. The National Science
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Foundation (NSF, 1996b) reports that while Blacks, Hispanics, and Native Americans

make up 19% of the total labor force in the U. S., they make up only 8% of the science,

mathematics, engineering, and technology work force.

As school curricula and pedagogy tends to favor only those students who

assimilate easily into the traditional science culture (Aikenhead, 1996; Bianchini, 1999),

a call for a more inclusive science education has been put forth. Specifically, an

orientation towards a multicultural science education (MCSE) has been offered as an

approach that can foster such inclusion (Atwater, 2000; Barton & Osborne, 1998; Lee &

Fradd, 1998; Rodriguez, 1998). Concurrently, the phrase science for all has become

standard rhetoric as a part of the national science education reform agenda (AAAS,

1989). Numerous articles, standards documents, and committee reports all point to

science curricula and instruction that tend to marginalize some groups of students while

openly inviting others to participate and excel. In this manner, documents like the

National Science Education Standards (NSES) and Benchmarks for Science Literacy set

forth guidelines for systemic reform that will ensure "scientific literacy for all students"

(AAAS, 1989; NRC, 1996).  It is hoped that when all students receive a high-quality

science education, this will not only increase the numbers of all students, but particularly

underrepresented students, who pursue degrees and careers in science. Although these

documents provide guidelines to enhance science instruction and learning for all students,

ultimately what plays out in the classroom will have the most impact on student
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achievement. In the next section, the current state of science teaching is presented and

discussed in the context of a science for all agenda.

The state of science teaching – issues and challenges

Prospective science teachers will play a key role in preparing the next generation

of scientists, science literate citizens, and, of course, science teachers. In recent years the

preparation of highly qualified science teachers has become part of the national reform

agenda as the results from international and national studies indicate that students’ levels

of proficiency in science content are unacceptably low (Lee, 1998). In terms of student

access to science instruction, teachers are integral in determining the breadth and depth of

information to which students are exposed. However, a survey of the current teacher

workforce reveals that there is currently a shortage of “highly qualified science teachers”,

as defined by subject matter knowledge and expertise (Ingersoll, 1999).  This shortage is

more pronounced in schools where large numbers of students of color are enrolled and in

schools located in impoverished settings (Glenn Commission, 2000; NCES, 1997; NCES,

1999). Also, the Education Trust has shown through its research on science and

mathematics education that even when students from underrepresented racial ethnic

groups meet the criteria for access to advanced courses, teachers and counselors are less

likely to recommend enrollment for these students (Noguera & Akom, 2000). These data

admittedly obscure innovative and successful efforts to increase the participation and

achievement of underrepresented students [e.g. African Americans] in science (Adenika-

Morrow, 1995; Meadows, Settlage, & Allen, 1999; Seiler, 2001; Yerrick, 2000). But
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these efforts are typically undertaken on a case-by-case basis and undoubtedly rely on the

commitment of teachers, researchers, and other academic personnel to enact change.

Therefore, the role of the teacher is one of several key factors in considering how

curriculum and/or instruction may affect participation (e.g., through encouragement,

mentorship, high expectations) and achievement in science (Gibbons, 1992; Ladson-

Billings, 1994).

In urban school systems, where the demographics of the student population can

vary in socioeconomic class and racial ethnicity, the availability of high quality teachers

of science tends to decline as the level of income decreases and the numbers of students

of color increases (Glenn Commission, 2000; Haycock, 2002/2003). Science and

mathematics teacher shortages in schools with large number of students of color

underscore the need for teacher education programs to address issues of equity and

diversity in science education. While efforts are currently underway to recruit and train

more science teachers to staff our nation’s classrooms, there is a still a considerable

amount of concern that most teachers are still not adequately prepared for teaching in

schools with students whose backgrounds differ markedly from their own. The student

population in today’s schools is more diverse racially, ethnically, and economically than

just ten years ago  (Hodgkinson, 2000/2001). Yet, the demographics of the teachers have

changed at a much slower pace. The teaching population continues to be predominantly

female, White, and middle class (Hodgkinson, 2000/2001; Ingersoll, 1999). More than
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likely a student in a middle and/or high school science classroom will have a teacher who

comes from a socioculturally background different than their own.

Efforts to address the teacher shortages have resulted in increased attention to the

possible pathways into the teaching profession for science majors. A number of

postsecondary institutions have given special attention to the recruitment of science

undergraduates into teacher preparation programs (NRC, 2002). In an era of science

education reform, the recruitment of individuals who can be prepared to teach using

standards-based curriculum and instruction is key to improving the state of science

education (Wilson, Floden, & Ferrini-Mundy, 2001). Most secondary science teachers,

prospective and experienced, have never experienced a model of a science instruction

that emphasizes reform-minded practices (e.g., engaging students in of scientific inquiry,

fostering conceptual understanding) (Harcombe, 2001; NRC, 1999). Science teacher

preparation, then, is faced with the challenge of not only preparing teachers to teach in

this manner but also providing opportunities for prospective teachers to experience this

type of instruction in order to combat the “teach as taught” dilemma. In traditional

teacher education programs science majors have little opportunity to experience true

inquiry and independent or small group instruction (Harcombe, 2001). On average, nearly

three quarters of the course work for prospective secondary science teachers is organized

into three areas: general education, subject matter concentration, and pedagogical study

(Baird, Brodie, Bevins, & Christol, 2000). Most teacher preparation programs are based

on a four-year program model consisting of courses in science content, educational
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psychology, and classroom management, all taught separately. As students spend the

majority of their time in their discipline-specific courses, clearly the role models for

instruction are heavily based in the discipline content areas (Harcombe, 2001).

Several innovative programs have developed or transformed their structure to

address some of these programmatic issues in science teacher education. Emphasis on

addressing the teacher shortage and a commitment to preparing teachers for the diverse

classrooms of the twenty-first century are some of the distinctive features of these

contemporary teacher preparation programs (CSMEE, 2000). In addition to courses about

and readings on issues relating to equity and diversity, early, recurring, and /or sustained

field-based experiences have also become an integral part of many teacher education

programs, especially those with a primary focus on addressing teacher shortages in urban

school settings (Ladson-Billings, 1999b). These approaches are discussed in the next

section.

Multicultural teacher education

Teacher education programs have treated issues of sociocultural diversity in a

number of ways. Typically, prospective teachers are required to take specified courses

relating to issues of diversity and multicultural education. The number of courses can

vary from one to several depending on the program. The curriculum and pedagogy in

these courses range from readings, special projects, to reflective and critical inquiry (e.g.,

Milner, 2003). Field experiences have also been employed to provide experiences

working with diverse student populations and learning environments (Ladson-Billings,
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2000). These practices have been examined extensively in the general teacher education

literature but have received less attention in science teacher education. The literature

describing the impact of these experiences (i.e., courses, readings, and field placements)

on the views of teachers regarding issues of diversity and equity is mixed (e.g., Dee &

Henkin, 2002; Haberman, 1996). While several studies have looked at beliefs of teachers

with respect to equity and diversity in science curriculum and instruction, the majority of

these studies have focused primarily on elementary teachers (Barton, 1999; Bryan, 2003;

Howes, 2002; Zahur, Barton, & Upadhyay, 2002). With regard to issues of diversity and

equity in secondary science education, Bryan and Atwater (2002) point out the paucity of

studies that shed light on the beliefs of secondary science teachers. Yet, secondary

science education is a key gatekeeper of potential opportunities for higher education and

career ambitions in science. The quality of science curriculum and instruction at the

middle and high school level arguably influences students’ perception of, achievement in,

and persistence with the subject.  And given that students of color are still dramatically

underrepresented in science majors at the university level (NSF, 2000; U. S. Census

Bureau, 2001) a closer look at secondary science instruction is warranted.

The authors of a recent review of the literature on multicultural teacher education

and teacher beliefs, attitudes, and behaviors posit that a focus on the content, rather than

the process, of cross-cultural learning may be a reason for the mixed results (McAllister

& Irvine, 2000). Christine Sleeter (2001) echoes this critique in a similar review of the

literature on teacher preparation for schools in historically underserved communities.
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Sleeter contends that while much is known about the successes and failures of isolated

cases of multicultural coursework, field-based experiences, and/or other program

restructuring efforts (e.g., community involvement), there is still much that is unknown

about how to consistently prepare teachers who can teach well in challenging school

communities. Science teacher education programs are also faced with the task of

preparing high-quality teachers who can teach science in reform-minded ways for diverse

learners. The current understanding of what views science teachers hold regarding equity

and diversity is presented below.

Viewpoints (as beliefs, knowledge, and attitudes) on cultural diversity and equity in

secondary science teacher education

There is a need to understand the early experiences (e.g. coursework, field

experiences) and views of prospective teachers entering science teacher preparation

programs. Previous literature highlights the experiences and beliefs of beginning and

experienced elementary teachers (e.g., Howes, 2002) and student, beginning, and

experienced secondary teachers who teach science (Bianchini, Cavazos, & Helms, 2000;

Luft, 1999; Rodriguez, 1998). Very little research, however, has been conducted looking

at the entering beliefs and/or views of prospective secondary science teachers during their

teacher education coursework prior to the formal student teaching experience. In an

extensive search of the literature conducted at the beginning of this inquiry, only two

studies were found in which the prior or entering beliefs of prospective secondary science

teachers about issues of culture and diversity in science were examined. McDaniel, Devi,
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Crockett, & Atwater (1998) reported that preservice secondary science teachers were at

various stages of cultural self-awareness, according to Bank’s typology of ethnic identity

development (Banks, 1993). Through participant interviews and instructor observations

during methods and curriculum courses, McDaniel et al. found that participants had only

limited knowledge of the constructs of ethnicity and culture, and this knowledge seemed

to have little impact on their perception of how students learn science. The authors

concluded that the participants seemed ill prepared to meet the challenges of cultural and

ethnic diversity in their science classrooms.  In her study of preservice secondary science

teachers, Barton (2000) employed a service learning approach to address issues of

inclusive science education in the contexts of teacher education. She found that in initial

interviews, the ideas of the participants focused on primarily an additive approach to the

science curricula rather than questions about the nature of science or the nature of

teaching and learning in science. Through the service learning experiences and interviews

participants were able to articulate a more integrated view of inclusive science education

that included consideration of the social and political issues in schooling.

While the two studies provide some information about entering views of

preservice secondary science teachers regarding issues of cultural diversity and equity in

science education, the limitations of the studies refocus the attention to the challenge of

institutionalizing a vision of science for all in science teacher preparation programs. In

the study described by McDaniel et al. there were no reported program interventions or

measures in place to address the limited knowledge of participants regarding issues of
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ethnicity and culture in science education. Indeed the authors pointed to the necessity of

teacher education programs to provide prospective teachers with cultural and ethnic

encounters to assist them in their development as multicultural science teachers. Barton’s

study is an example of how prospective science teachers were able to gain more

awareness of and explore the complexity of science teaching and learning across

diversity. However, the service learning experience was situated in a context outside of

regular schooling – that is, participants were part of an afterschool community service

learning project working with students living in homeless shelters. As Barton aptly noted,

the prospective teachers made distinctions between “regular” science education and

“multicultural” science education. She found this distinction problematic in that it served

to “keep alive” the barriers between regular schooling and the service learning

experience, placing multicultural science education outside of the boundaries of the

everyday schooling experience (Barton, 2000).

Neither of these studies explicitly examined the role of prior experiences and

knowledge that individuals brought with them to their teacher preparation programs.

Given that there is resounding evidence that biography is extremely influential on the

beliefs and actions of teachers throughout their professional career (Britzman, 1986;

Carter & Doyle, 1996; Clandinin & Connelly, 1987; Zeichner & Gore, 1990), it seems ill

advised to engage in a study of prospective teachers’ views of diversity and equity in

science education without some consideration of their prior histories and knowledge.
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The influence of the apprenticeship of observation

Conventional wisdom would suggest that learning to teach begins when one

enrolls in a teacher education or teacher preparation program. However, Dan Lortie

asserts that learning to teach begins early in one’s life, during what he calls the twelve- or

thirteen-year “apprenticeship of observation (Lortie, 1975). He contends that teachers’

images of and views about teaching are in part shaped by their own schooling

experiences and memories of their teachers. And as ideas about teaching and learning are

inextricably linked, it stands to reason that teachers’ views of learning are also shaped by

their own experiences as learners.

The literature base on teacher education suggests that individuals bring with them

their prior knowledge, beliefs, and experiences to teacher education programs (Goodman,

1988; Holt-Reynolds, 1992; Knowles & Holt-Reynolds, 1991; Lortie, 1975). There is

preponderant evidence in the teacher education literature that supports the claim that

“prospective teachers often turn to their own experiences from their pasts for clues on

how to interpret and respond to the contemporary behaviors of the children whom they

teach”  (Gomez, 1993). Therefore, “for teachers to use effectively any information that

they receive about the culture of their students, they must understand their own

biographies and enculturation and how these give direction to their thoughts and actions

regarding the educational information they receive”  (Grant, 1991).

Other studies show that the beliefs of entering teacher candidates often act as a

filter on teacher education coursework and experiences (Goodman, 1988; Hollingsworth,
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1989; Holt-Reynolds, 1992; Zulich, Bean & Herrick, 1992). Holt-Reynolds found that

individuals’ lay theories of good practice interacted with their teacher preparation

experiences. Specifically, she asserted that the “personal histories of preservice teachers

appear to function as prior knowledge of what ‘good’ teaching should look, sound, and

feel like” (pg. 343). In his study of preservice teachers, Jesse Goodman (1988) described

the prior beliefs of preservice teachers as “guiding images” and “intuitive screens”

through which they interpreted their professional education. Zulich et. al. (1992) found

that the preservice teachers’ personal biographies, examined through weekly journals,

both helped and impeded the negotiation of the various stages to becoming a teacher.

Heretofore, the research on teacher education shows that some teachers ascribe

little influence of training programs on their practice (Brousseau, Book, & Byers, 1988;

Feiman-Nemser, 1983; Staton & Hunt, 1992). There are several reasons for why this may

be the case. The two leading, but not necessarily rival, explanations for this phenomenon

point to the powerful role of a) personal experiences and previous schooling (Carter &

Doyle, 1996; Gomez, 1996; Zulich, Bean & Herrick 1992) and b) teacher socialization

(Hawkey, 1996; Kuzmic, 1994; Lortie, 1975). There is in fact evidence in the literature

that suggests that these two aspects continue to work against the likelihood that teachers

will turn to their formal training during their professional careers. Nias (1986) found that

some teachers continued to draw from their prior experiences up to nine years into their

teaching careers.
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 Deborah Britzman (1986) wrote that “the student teacher must try to understand

his or her own institutional biography, as it is evoked by the return to classroom life,

while at the same time educating others and learning the teacher’s world. Throughout

student teaching, the tensions between biography, practice, and structure create a

cacophony of demands” (pg. 443). Nearly twenty years later, it seems that not much has

changed in this regard. Feiman-Nemser (2001) asserted that “conventional programs of

teacher education and professional development are not designed to promote complex

learning by teachers or students. The typical preservice program is a weak intervention

compared with the influence of teachers’ own schooling and their on-the-job experience”.

These statements reiterate the assertions of Lortie and other researchers.

Teacher beliefs, teacher knowledge

As psychological constructs, the role of beliefs and attitudes in learning to teach

have been the focus of much research over the latter half of the previous century

(Richardson, 1996). Despite the proliferation of research findings there is still little

consensus on what explicit connections link beliefs to actions in teaching and learning.

Educational beliefs have been characterized as belonging within a broader set of belief or

belief systems that influence individual’s stated intentions and observed behavior and

actions (Munby, 1982; Pajares, 1992). Inconsistencies between beliefs and actions in

teacher research studies may lie in naïve conceptions about the nature of beliefs/belief

systems (Fang, 1996; Kagan, 1992). Based on his review of the literature on teacher

beliefs in educational research, Pajares (1992) suggests that there are a number of
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fundamental assumptions that may be reasonably made when considering a study of

teacher beliefs. One of those assumptions provides the premise upon which this inquiry

into the perspectives of prospective secondary science teachers is founded. In

distinguishing between knowledge and beliefs, a number of studies point to the “episodic

nature of beliefs” (e.g., Calderhead & Robson, 1991; Goodman, 1988; Nespor, 1987).

Nespor (1987), drawing on Abelson’s (1979) categorical distinctions between

knowledge and beliefs, described episodic aspects of beliefs about teaching played a role

in the classroom practice of middle school teachers. During stimulated-recall interviews,

several of the teachers explained that their teaching practices were often based on critical

episodes or experiences gained earlier in their teaching careers. In the frequently cited

studies by Goodman (1988) and Calderhead and Robson (1991) pointed to the

considerable influence of prior experiences as students on the views of prospective

teachers regarding teaching and learning. These findings are supported by Abelson’s

earlier assertions that beliefs have an episodic quality as they are often grounded in

memories of specific events.

However, Abelson (1979) contended that knowledge as socially constructed also

consists of “episodic material”. This is particularly evident in research on teacher

learning and practice. van Driel, Beijaard, & Verloop (2001) presented teacher practical

knowledge as an integrated milieu of “experiential knowledge, formal knowledge, and

personal beliefs”. Fenstermacher (1994) pointed out in his review on teacher knowledge

research that out that the concept of practical knowledge arises out of actions or
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experience in teaching. Despite numerous published articles and books on teacher

experiential or practical knowledge (e. g., Clandinin & Connelly, 1987; Clandinin, 1992;

Elbaz, 1983; Zahorik, 1980), some researchers have found that this type of knowledge

has often been marginalized and devalued as a legitimate site for teacher development

(Cochran-Smith & Lytle, 1990; Gitlin, Peck, Aposhian, Hadley, & Porter, 2002). Formal

knowledge (e.g., content knowledge, pedagogical content knowledge) has often been one

of the foci of systemic reform efforts (e. g., Gess-Newsome & Lederman, 1999). While

the nature and substance of teacher beliefs and knowledge have proven to be fertile

ground for research on teacher learning, little progress has been made on describing

effective strategies for shaping teacher beliefs and knowledge in ways that consistently

promote desirable instructional practice and learning outcomes (Fenstermacher, 1994;

Richardson, 1996). Pajares (1992) contends that one of the difficulties in studying

teachers’ beliefs arises from definitional problems, poor conceptualizations, and differing

understandings of beliefs and belief structures. Teacher knowledge, as described in a

review by Kathy Carter (1990), is “complex, diverse, idiosyncratic, rich, holistic, [and]

personal.” This complexity and diversity has proven to be difficult to unravel in a

systematic fashion in research on teaching and learning to teach.

The findings from research on teacher beliefs and knowledge suggest that

attempting to study these constructs in an either/or framework leads to only part of the

story. However, utilizing a framework that encompasses both may be fruitful in acquiring

a more holistic understanding of how one learns to teach. In the next section, the notion
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of “teacher perspectives” is presented as an approach to explore the views of prospective

teachers specifically as it relates to issues of equity and diversity in science teaching and

learning.

Teacher perspectives

Goodman (1988) wrote that the student teachers in his study “verbally expressed

similar beliefs about teaching, but in reality had differing perspectives”. The concept of

teacher perspective was first applied in a study by Tabachnick, Popekewitz, & Zeichner

(1979-80) to define the ways in which teachers thought about their work and meanings

they gave to these beliefs by their behavior in the classrooms. While Tabachnick et al.

were influenced by the concept of perspectives as presented in Boys in White (Becker,

Geer, Hughes & Strauss, 1961), Becker and his colleagues referenced an earlier use of

the word in the writings of sociologist Tamotsu Shibutani. In his work on reference

groups, Shibutani (1955) defined “perspective” as

“an ordered view of one’s world – what is taken for granted about the attributes of
various objects, events, and human nature. It is an order of things remembered and
expected as well as things actually perceived, an organized conception of what is
plausible and what is possible; it constitutes the matrix through which one perceives his
environment. …one’s perspective is an outline scheme which, running ahead of
experience, defines and guides it.” (Shibutani, 1955).

The rationale for describing teacher practice in terms of perspectives, as presented

by Tabachnick and Zeichner (1984) and Goodman (1988), emphasized the distinction

between an individual’s beliefs and actions in a particular context and a general

disposition to act. In other words, perspectives account for teacher behavior situated in a

particular place and time.
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Exploring the perspectives of prospective teachers regarding science for all

An exploratory paradigm is appropriate as I recognize that the prospective

teachers in whom I am interested are in the initial stages of their career. As they are still

gaining an understanding of their future profession, their views of teaching and learning

can be regarded as tentative and evolving. The lack of a solid literature base describing a

systematic study of prospective secondary science teachers and their entering beliefs

about cultural diversity and equity raise several initial but pointed questions that shape

the focus of this inquiry. How does biography, in the shape of prior beliefs, knowledge,

& experiences, inform the views of prospective secondary science teachers about

teaching and learning science for all? Specifically, how are traditionally prepared science

learners learning to become teachers in a reform oriented teacher education program with

an explicit emphasis on preparing teachers for diverse groups of learners? To explore

these questions, I was particularly interested in how prospective teachers would compare

and contrast their own learning experiences – i. e., their biographies as science learners -

with their experiences with the students and learning contexts they would encounter

during their field experiences. Secondly, I wanted to examine how prospective teachers

connected their experiences in classrooms where they made observations, taught lessons,

and engaged in reflective critique of their practice back to their course assignments or

discussions in their teacher preparation program. Again, the focus of this inquiry was to

explore specific perspectives regarding a philosophy of science for all, as outlined in the

previous chapter.
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Given the structure of the science teacher education program in which prospective

secondary science teachers were enrolled, I chose to focus on the possible interplay

between past and present science schooling experience and teacher education. As

prospective teachers concurrently enrolled in or recently graduated from an

undergraduate science program, I ascertained that these individuals would have a rich and

developing biography, both as science learners and as science teachers-in-the-making.

The process of eliciting their perspectives on issues of diversity and equity in science

education would be facilitated by their ongoing experiences within the contexts of their

teacher preparation program. The reliance on individuals’ “self-report” of their views and

actions acknowledges the previous work of researchers who found that observed

instructional practice can be inconsistent with the values and beliefs articulated by the

teacher under observation (Richardson, Anders, Tidwell, & Lloyd, 1991).  Furthermore,

the concept of teacher perspectives emphasizes the sense-making of the teacher with

regard to his/her beliefs about teaching and learning and corresponding actions.

Chapter summary

This chapter presents what is currently known about how prospective teachers are

developing their understanding of teaching and learning during their formative teacher

preparation experiences. The chapter also presents the dearth of literature addressing how

prospective secondary science teachers develop their understandings of an inclusive

science education. Therefore, the subsequent chapters describe the methodology and

findings of this study that aim to address the following questions:
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1. How do future science teachers view an agenda of science for all in terms

of curriculum and instruction?

2. How do future science teachers envision their own instructional practices

and goals in relationship to a science for all reform agenda?

3. How have their personal experiences as science students influenced these

views?
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CHAPTER THREE
METHODOLOGY

Philosophical underpinnings

As noted by Denzin and Lincoln (1994), qualitative research is the “site of

multiple methodologies and research practices” (pg. 3).  Accordingly, several

epistemological standpoints inform the design of this research study. Specifically, I draw

upon paradigms of constructivism and critical and feminist theories to frame the

methodological aims of this inquiry. Across the three paradigms is an emphasis on the

dialogic relationship between and among researcher and participants. A consideration of

multiple “realities” is implied throughout the research process as the voices of the

researcher and participants are construed as being involved in a type of useful and

necessary debate. Burbules (1993) offers a rationale for engaging with participants in a

“dialogue as debate” for the purpose of generating knowledge.

…The primary potential benefit of such an exchange, for the participants
[involved in the dialogue], is in seeing their respective positions receive
the most difficult challenge possible, in being pressed to articulate and
defend those positions as clearly and thoroughly as they can… [I]f the
purposes of debate are the generation of new information, better
arguments, and a clearer general understanding of the issues at stake,
[then] even dialogue as debate can have a cooperative and respectful
spirit in the sense that each partner…agrees to play by certain common
rules for the sake of the overall pleasure and benefit of the game. (pgs.
119-120)

The emphasis on this interpersonal feature of constructivism and critical and feminist

theories adds to the distinctive strengths of each paradigm. Social constructivism

highlights the personal construction and social mediation of written and spoken
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knowledge (Tobin, 1993; Schwandt, 1994). A critical theoretical stance provides tools,

namely those of subjectivity, social critique, and empowerment, which can be applied to

these (re)constructions of knowledge in an attempt to further examine taken-for-granted

assumptions and experiences (Kincheloe & McLaren, 1998). Finally, feminist

perspectives allow for a broader consideration of the role of interviewer and interviewee

during the “interview”. Rather than confine the interview process to a conventional

question-answer monologic discourse, feminist interviewing techniques open up the

possibilities for “true dialogue” (Bristow & Esper, 1988), in which researcher self-

disclosure and reflexivity can occur (Reinharz, 1992). This multiparadigmatic approach

to human inquiry is deemed as useful in exploring the influence of lived experiences on

the understandings of prospective teachers regarding science for all.

Methodological schemes - from design to enactment

The designed methodological scheme is depicted in Figure 2. The alignment of

philosophical orientations to methodological structure to methods of data collection and

analysis to interpretive renderings represents the process of this research study in its

entirety. In addition, I include the enacted methodological scheme (see Figure 3) to

illuminate the development and complexity of the research process in esse. I assert that

human inquiry focused on dialogue or conversation is composed of two basic elements:

a) the content of the conversation and b) the process or dynamics of conversation. A

consideration of both content and process informs more fully the grounded interpretations

that are developed in this study. The presentation of both designed and enacted schemes
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emphasizes the emergent nature of the data collection and analysis within this study.

Specifically, the process evolved such that the roles of the actors (researcher and

participants) and the interviews (i.e., conversations) are further characterized, not

changed, to provide more clarity to the group dynamics in terms of the products of the

conversations, i.e. narratives and biographies and the interactions (constructivist and

dialogic) that shape these products. Furthermore, in order to account for the richness of

the data in a way that more fully considers its storied and biographical nature, an

analytical scheme is adapted to allow for a presentation of the data in a narrative

interpretive manner (Coffey & Atkinson, 1996).
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The rationale for and structure of focus groups

…the friendliness of focus groups can be a major advantage. This
friendliness extends to both the participants, who typically enjoy their
interactions together, and to the end users of the research, who believe
that they get a much better understanding of others’ points of view
through listening to their discussions. From the researcher’s point of view,
a successful focus groups project can help to forge a human connection
between those who commission a project and those who serve as the
subjects of their investigations. And, whether this helps to reduce tensions
in troubled settings or simply makes people feel good about their
experiences in the research process, it is a valuable end in itself. (Morgan
& Krueger, 1993, pg. 18)

The choice of focus groups captures my desire for a humanistic inquiry into how

prospective teachers understand the phenomenon of science teaching and learning for

diverse students. The focus group format is especially recommended for studying

attitudes and opinions (Morgan & Spanish, 1984). Furthermore, when group dynamics

work well, the interactive nature can act synergistically to allow people an opportunity to

“explore and clarify their views in ways that would be less easily accessible in a one to

one interview” (Kitzinger, 1995, pg. 299). As the teacher education program in which

participants are enrolled is structured using a cohort model and emphasizes the

preparation, development, and collaboration of reflective teaching professionals (from

program website), I find this to be a model format for the focus group inquiry.

Choosing constructivist, critical, & feminist methodologies

In conceptualizing the focus group structure, I briefly introduce the work of

Barbara Rogoff and her research on the community of learning model in the teaching and



40

learning interactions between caregivers and toddlers from Guatemalan Mayan and

middle-class European-American families. She asserted that in a COL framework, all

members of the community are active in and share the responsibility for the learning

process (Rogoff, 1994). She also found that roles were “seldom equal” in any particular

community, ranging from complementary to directive, with participants supporting or

actively observing during the activity (Rogoff, 1994, pg. 213).

The COL framework has also been described as a promising tool in instruction

and teacher professional development and is based upon three key principles (Palincsar,

Magnusson, Marana, Ford, & Brown, 1998; Thomas, Wineburg, Grossman, Myhre, &

Woolworth, 1998). The first is that members of a community share common interests

and/or goals; next, interactivity or joint deliberation is essential to nurturing common

interests or accomplishing shared goals; and lastly, diverse or distributed expertise

emphasizes the collective knowledge development of the community (Palincsar,

Magnusson, Marana, Ford, & Brown, 1998; Thomas, Wineburg, Grossman, Myhre, &

Woolworth, 1998). Palincsar and her colleagues (1998), preferring the term “community

of practice” originally introduced by Lave and Wenger (1991), describe the “birth” or

creation of a professional community involving teachers. In an effort to include diverse

voices in the production of formal knowledge for the educational community of teachers,

the authors invited a group of teachers to participate in a collective effort geared towards

the improvement of science instruction in their classrooms (i.e., shared interest). Teachers

committed to meeting several times over the course of year and were involved in the
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intellectual activities of planning, enacting, and reflecting upon the practice of inquiry-

based science teaching for elementary age students (i.e., joint deliberation). The

“community” was composed of school-based educators (grades K-5 teachers) and

university-based educators (i.e., diverse & distributed expertise) who worked

collaboratively to develop and enact inquiry-based science instruction as mutually

conceptualized by the “community”. The work by Guy Thomas and his colleagues

describes their professional development efforts, based on the community of learners

model, with high school teachers and staff. Their community included teachers at various

points in their careers (e.g., student teachers, department chairs) and teachers with

specialized pedagogical knowledge and skills (e.g., ESL, Special Education). The

researchers were particularly interested in the intellectual output generated and fostered

by the formation of the teacher community. They described the tensions present in

reforming the professional culture of teaching, where opportunities for collaboration and

collective intellectual activity and growth are rare or altogether absent in the typical

American high school (McLaughlin, 1993). On a similar note and relevant to the

undertaking of this research study, the formation and sustainability of the community rely

in part on identifying a common commitment. Like Thomas and his colleagues, I assert

that meaningful dialogue depends upon establishing a discussion forum where

prospective teachers can feel that, as a group, “we all [have] something to learn, we all

[have] something to share with the rest of the group and we all [want] what [is] best for

students” (Thomas et al., 1998, pg. 23).
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In that manner, participatory (action) research adds a desirable dimension to the

focus group structure and format. As described by Richardson (2002), “participatory

research is typically characterized by a concern for equity and dialogue between

(emphasis added) researcher and co-researcher subjects.” Furthermore, the researcher and

participants both share in formulating the issues for inquiry and may also be involved in

the data collection and analysis (Gitlin & Russell, 1994; Reason & Heron, 1995;

Richardson, 2002). The epistemological premises of participatory research – namely,

critical theory and feminism - allow for an empowering approach to humanistic inquiry

by disrupting and challenging the structure of power and knowledge between researcher

and the researched (Joyappa & Martin, 1996).

Alice McIntyre (1995, 1997a, 1997b) described her work with middle to upper

middle class female student teachers enrolled at a private university using the PAR

approach. Her aim was to combine education, research, and action in an effort to promote

individual and social change. Participatory action research also framed her research with

youth living in communities plagued by violence and poverty (McIntyre, 2000a, 2000b).

In both cases, she relied on the following three principles of PAR to guide and shape the

development and design of the research:

ß the collective investigation of a problem,

ß the reliance on indigenous knowledge to better understand that problem, and

ß  the desire to take individual and/or collective action to deal with the stated

problem.
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McIntyre (1997a, 2000a) pointed to the “self-reconstruction” of the researcher and

positioning of participants as “agents of change, as constructors of knowledge, actively

involved in the dialectical process of action and reflection aimed at individual and

collective change” as outcomes of the research projects. In many respects, how PAR is

carried out is as much a focus of the investigation as the research questions that are

addressed using such an approach. McIntyre (1995) and Maguire (1987) are two studies

that illustrate this point. Both projects were carried out as dissertation projects, and in that

regard speak to the challenges and contradictions of participation when it may be the

researcher who does much of the “participating”, especially in the initial phases of

“organizing, educating, and researching” (Maguire, 1993, pg. 162). Even more

problematic was the issue of how to deal with participatory “non-action”, not due to lack

of participant motivation, but instead due to the time constraints imposed by the

“academic” nature of the project. It is instructive to consider that the notions of

“participation”, “action”, and “research” need to be given more than cursory attention.

 As the cohort model of the teacher education program supports the notion of

community in the teaching profession (from program interim evaluation report) the

concepts of community of learners (COL) and community of practice (COP) fit well with

my perception of who the prospective teachers were as a collective group. In addition,

reflecting on what I hoped the group dialogue would achieve, participatory action

research (PAR or PR) seems to correspond with my acknowledged and, at that point, tacit

expectations for transformative learning. Providing space and opportunity to talk about
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cultural diversity and science teaching and learning in an environment free from

academic accountability is a primary objective. I also consider that individuals who

choose to take part in the study might feel empowered to act on the knowledge gained

from the discussions. The aim is to acknowledge each person’s knowledge as valid and

educative and create a collaborative environment that will foster the exchange of ideas

and experiences. In combining the two approaches in a complementary fashion, I expect

that participants will feel encouraged to present and challenge not only their own

knowledge and assumptions, but also the knowledge and assumptions of other

participants, myself included (Montell, 1999; Morgan, 1996). Having situated the

research process within the constructivist paradigm of COL and critical and feminist

oriented paradigms of PAR, the role of the researcher and participants within the

interview process requires articulation. Discussions are intended to engender an

atmosphere of collaboration and mutual respect to encourage participants to share views

about and experiences in science in an effort to educate and learn from each other. An

atmosphere of reciprocal trust and understanding between and among the researcher and

study participants is essential in fostering participants’ comfort in sharing their views

within the group.

As the process unfolds, the roles of the actors (myself and the participants) and

conversational interactions are constructed and re-constructed in ways that warrant

further characterization of these aspects of the study design. I choose to position myself

as an “active” participant in the conversation, offering views of my own in response to
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participant statements, answering questions posed to me by participants, interrogating and

at times openly challenging participant statements. My preference for this “active” as

opposed to a “passive” traditional interviewer role stems largely from my commitment to

achieving an open and honest dialogue with participants. The literature describing

feminist interviewing practices is useful in this regard (DeVault, 1999; Oakley, 1984). In

my opinion, conventional interviewing techniques, well described in the focus group

literature (Merton, Fiske, & Kendall, 1990; Stewart & Shamdasani, 1990; Vaughn,

Schumm, Sinagub, 1996) do not complement my desire for a humanistic approach to

explore the views and knowledge of prospective teachers regarding issues of diversity

and equity in science education. I also recognize that my own beliefs, knowledge, and

experiences bias my receptivity, understanding, and interpretation of participant

statements (Reay, 1996). My views, in addition to my position as the researcher,

potentially place the participants in a situation fraught with unequal power dynamics. In

an effort to alleviate this power imbalance I consider that my beliefs and knowledge are

not above examination and warrant consideration and critique by participants.1  On the

one hand, this level of participation by the interviewer can easily be criticized as intrusive

and arrogant, potentially shutting down the very voices that are the focus of the inquiry.

On other hand, the tradition of conventional interviewing has been critiqued for its

tendency to create an unnatural and imposing distance between the researcher and the

researched, leading critics to suggest that the contrived nature of traditional interviewing

often exploits the subject in the name of scientific and objective inquiry (Wilkinson,
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1998). While I cannot fully diminish the power imbalance between the participants and

me, I believe that an open and honest interaction lends itself to a more engaging dialogue,

yielding more authentic and useful data.

Establishing a conversational atmosphere that encourages a high level of

engagement and self-disclosure from the participants (Zeller, 1993) is essential. As the

nature of the dialogue is varied throughout the process, I am prompted to consider more

carefully the different narratives that frame the content of the conversations. A simple

content analysis does not adequately convey the complexity of conversational data. In

addition to the content of the dialogue, representing “voice” as questioning or consenting,

tentative or assertive, requires some attention to the multifaceted nature of everyday

speech and language. Intonations, often taken for granted in verbal interactions, play an

important part in dialogue, as they indicate whether a speaker is simply making a

statement, posing a question, or utilizing irony or humor to support their position or

belief. Therefore, because of the prominence given to what participants had to say about

their knowledge and experiences, how they say what they say also deserves some

deliberation.

Participant selection and recruitment

Participant selection was based on a purposive and convenience sampling

technique (Goodson & Sikes 2001) – purposive in that a specific population of

prospective teachers enrolled in courses in a secondary science, mathematics, and

computer science teacher preparation program2 were recruited, and convenience based on
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participant interest and availability. Prospective teachers who had not begun a formal

teaching internship were sought to participate in conversation focus groups. During the

Fall 2002 semester, I conducted classroom observations in two of the professional

development sequence courses and one of the supporting courses prior to the recruitment

of participants. After getting permission from the instructor, participants were verbally

invited during the first or last five minutes of a class meeting to participate in the study

(see Appendix A for a written summary of the invitation).  Typically a sign-up sheet that

included a list of various times for the information session and the focus group meetings

(see Appendix B) was passed around the classroom. Interested students signed up to

attend a lunch information session which was designed to provide additional information

about the study and address any concerns or questions. On the day of sign-up or at the

lunch information session, students indicated which set of focus group meetings they

would like to attend. During the lunch session, I restated the purpose and goals of the

study, emphasizing that the study had no bearing on their relationship with the teacher

education program or the university and answered questions posed to me by participants.

Generally questions or concerns were related to scheduling and attendance issues.  For

example, one participant indicated that she might not be able to make it one of the

meetings. All participants received a copy of the consent form by electronic mail to

review prior to attending the information session.  At the conclusion of each information

session, participants were given a paper copy of the consent form to read, sign and submit

to me.
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This recruitment process was used in all three courses during the fall semester.

Initially eight students, all females, expressed interest in participation. I observed that all

of the students, except for one, appeared to be European American. Therefore, at the

conclusion of one of the class periods in which I had done the invitation, I approached a

male and female student who appeared to be Hispanic or Latin American and invited

them to the informational lunch session. However, these students along with three from

the original eight did not attend the lunch session. Due to scheduling availability, four of

the five ladies (Allison, Cassandra, Terri, and Ruth) were able to meet at a mutually

agreed upon time; the fifth participant (Jackie) was not able to meet at that time, but was

eager to be part of the study. Therefore we agreed that I would conduct three individual

interviews with her.

During the Spring 2003 semester, I had planned to conduct two more sets of focus

group interviews. I intended to conduct one set during the first part of the semester, and

conclude with a second set of interviews after the mid-semester break. However due to

time constraints, both groups were conducted concurrently during the latter half of the

semester. Recruitment was carried out in the two course sections of one of the

professional development courses. A week before the mid-semester break, with instructor

approval, I posted an email message to one of the sections. The following day I

introduced myself formally to the class and re-presented the purpose of the study and

asked students to email me if they were interested in participation. It appears that

“personal appeal” was key in persuading at least one student to participate in the study.
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“Magnia, Hello again.  I am promoting your program to some of my friends in [one of

her classes]… Your visit to the classroom is what made me want to help you.  You can not

beat the personsal [sic] appeal when recruiting help.” [email response from student

regarding study invitation]

The extra effort by this student resulted in a type of unsolicited “snowball sampling”

(Morgan & Spanish, 1984; Warren, 2002) effect in participant recruitment. Two more

students were recruited to the focus group (Spring I).

Students in the second course section were solicited for the third focus group

(Spring II) in a manner similar to that of the Fall focus group. After several classroom

observations, I verbally introduced myself, presented the purpose of the study, and passed

around a sign-up sheet to attend the lunch information session. This sign-up sheet was

only for the information session, and interested participants were told that the discussions

would be held on a day mutually decided by the group. Of the three students who signed

on the sheet, two attended the lunch information session. All three signees showed up for

the first meeting (Patricia, Daniel, and Rudy); in addition, Patricia had “recruited”

another class member (Larry) who was absent on the day of the in-class invitation and

Rudy brought an “interested” friend.  Another student (Linda) who had heard the in-class

invitation came as well, resulting in a total of six participants. However, due to other

scheduling commitments, Linda, Rudy, and his friend could not continue to participate.

All three of these students left the first meeting after about thirty minutes and did not

return for the subsequent two meetings.
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Choosing relevant data for analysis

A total of nine student focus group interviews, three individual student interviews,

and 5 individual faculty/staff interviews and one group faculty/staff interview were

conducted. In an effort to adhere to the aims of the focus group paradigm, I decided to

exclude the data obtained from conversations with Jackie. Over the course of our three

meetings, I learned that Jackie had extensive teaching experience prior to enrolling in the

teacher education program as an undergraduate and graduate student. Secondly, she was

enrolled in coursework in both the teacher education program and the science education

graduate program. For these reasons, her profile was not representative of the “typical”

undergraduate science, mathematics, or computer science student who had little to no

formal teaching experience.

Data from the Spring II focus group was also excluded for similar but more

complex reasons. Having conducted three sets of focus group interviews, I was able to

reflect on and make an assessment, albeit subjective, of the process as a whole. While the

combined approach of COL/PAR was attentive to group dynamics, such an approach

may obscure the essential elements of an effective focus group. The voluntary

assemblage3 of individuals with diverse enough experiences and viewpoints enables them

to consider, compare, and contrast them with those of others; concomitantly, a mutual

frame of reference provides the catalyst for meaningful dialogue that has the potential for

transformative learning. If experiences are too diverse or mutual frames of reference are

not salient or robust enough, conversational dialogue might seem forced, one-sided, and
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lack the intended “focus”.  During the Spring II sessions, I found myself in conflict when

I reflected on how the process was going. While I wanted participants to highlight their

own biographies in the discussion on science and cultural diversity, it became apparent

that the conversations seemed to be “heading nowhere” in particular.  One participant

spent a significant amount of time recounting some of her early school experiences, but

much of this had little to do with science in particular. While by itself this was a natural

outcome given my prompting of the participants to talk a little about their schooling prior

to college, her experiences contrasted sharply with the other two participants. I offer

some brief insight into why this might be the case. Given the fact that the participant was

considerably older than either of the other two participants, or any of the other

participants, she had a more detailed life history from which to reflect upon. In addition

she was a parent, had significant teaching experience, and had come back to school

simply “to get certified”. Therefore, prior experience and knowledge were a concern for

me in terms of the group dynamics. During the periods when I listened to the tape

recordings, I found that the interactions (e.g. speaking turns and building on ideas of

other participant) during the conversations felt somewhat forced and disjointed. I worried

that the other two participants, who were younger with less teaching experience, were not

able to contribute as much to a conversation about experiences with which they had very

little in common. It is important to note that Richardson (1996) found in a review of the

literature regarding entering beliefs of preservice teachers that there appear to be

important differences between traditional and nontraditional (e.g., second career)
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students. For these reasons, I elected to exclude this focus group data from the analysis.

Supplementary data collection

Classroom observations were conducted throughout the duration of the study.

Course instructors were contacted for approval prior to initiating the observations, and

syllabi were requested to facilitate planning of the observation schedule.  Instructors were

also asked to consent to interviews to be conducted at the end of the semester. During the

fall, all instructors (n-4) I contacted consented to classroom observation and interviews.

During the spring semester, all instructors (n=5) except for one agreed to classroom

observation - of the three contacted for interviews, one consented but an email problem4

prevented the scheduling of the interview. Two of the program staff were contacted and

interviewed, one in person, the other by email. The number of possible classroom

observations was limited in the spring semester due to course scheduling and my own

availability. In the fall, using the course syllabi, I generally chose to observe class periods

in which the scheduled topic was of some interest to me or that I thought might be

relevant to the aims of the research study. In the spring, due to time constraints, I

conducted classroom observations when course topics or activities were deemed relevant.

As the classroom observation data mainly served as contextual data for both data

collection and discussion purposes, I collected this data in an opportune and judicious

fashion. Similarly, faculty and staff interview data were conducted within the time period

reasonably available to me as the researcher.
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This contextual information was useful in describing how teacher education

coursework and field experiences influenced participants’ evolving perspectives as they

considered issues related to science teaching and learning for culturally diverse students.

As the findings from this study are to be made available to the faculty and staff of the

program from which participants were recruited, I recognize that an opportunity for

feedback and elaboration will be possible.

Choice of readings for discussion

Prior to beginning the meetings, I identified several articles that I thought would

be useful for the group discussions. In order to get a better sense of the dominant ideas

and issues as presented by participants, I decided to have the first meeting before making

any final decisions. So based on the salient themes that developed in the first and second

conversations, I selected four readings that I hoped would stimulate the discussion. The

articles were chosen primarily for their conciseness (< four pages) and readability for

teachers and practitioners. The first two readings were emailed to the participants during

the interval between the first and second meetings. A one-page excerpt from Atwater and

Brown’s 1999 article in The Science Teacher chronicled the history of science education

reform and the lack of historical impact that reform has had for students of color. Atwater

and Brown assert that the dilemmas of “science for all” have only recently been

addressed in the latter part of the 20th century to the present. The authors suggest how

science literacy for all can be accomplished and state “if science learning is perceived

solely as memorization of facts by a few capable and gifted students, then few new
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[emphasis added] groups of students will benefit from the current science reform”

(Atwater and Brown, 1999). The second reading, a one-page commentary from the

March 2002 issue of The Science Teacher, presents the statistics of underrepresentation

in science and likens the phenomenon to an “apartheid”. The author Randy Moore calls

for increased efforts to include the issues, new theories, and ideas that have come about

when “traditionally excluded groups have been given opportunities to excel in science”.

Both of these articles were written for science teachers and were chosen for the study

because they emphasized inclusive science education and its relevance to the

marginalized science learner.

The second set of articles provided an example of a high school science

curriculum that had been “untracked” and the other providing a rationale for promoting

science literacy for all students, even those who are considered to “low-achieving”, “slow

learners”, and limited English proficient. In “Narrowing the Achievement Gap”, the first

year of a two-year curriculum untracking project targeting the science achievement of

students of color in an inner-city school is described (Koba, 1996). The author, a science

teacher involved in the project, notes that “multicultural and science education literature”

informed the modifications that were proposed and implemented during the first project

year. These modifications included heterogeneous grouping, integrated science content,

cooperative learning, the infusion of technology, and constructive methodologies that

build on students’ knowledge, connected curriculum to students’ lives, and established

student-centered classrooms. Observations of student behavior and work show learning
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occurring in an environment of collaboration and cooperation, with students of varying

academic abilities and teachers working together to enact a project-based science

curriculum. The last article was a commentary that highlighted the paradox of achieving

science literacy for students who struggle to attain requisite literacy skills necessary for

school achievement in general. Janet Gerking writes that “to develop a scientifically

literate population we must teach science K-12 and include all students, whether they are

good readers or not.” Again, the role of science in the broader context of schooling was

the main focus of the article. As these readings were relevant to topics introduced to the

conversation by the participants, the role they played in the discussions will be presented

in the analysis chapter.

Data analysis

In adopting the focus group as a “self-contained” method (Morgan & Spanish,

1984; Morgan, 1996), I elected to concentrate my analysis efforts on the data produced in

the group conversations. The nature and content of the dialogue was both an individual

and collective statement of the roles, relationships, and interactions established in the

conversation groups. As data, these statements are comprised of narratives and

biographies offered by the researcher and the participants and provide insight to the

perspectives of the participants involved in the study. Moreover, as recommended in the

recent literature the perspectives of the researcher are considered in a reflexive manner

throughout the analysis (Hall & Callery, 2001; Mauthner & Doucet, 2003; Speer, 2002).

This process allows the researcher to frame the analysis in the social context of the
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interview process, strengthening the validity of interpretations and implications garnered

from the research process (Angen, 2000; Atkinson & Coffey, 2002).

A grounded theory approach was used to guide the analysis and interpretation of

the data. I found this approach offered a way to represent participants’ lived worlds in the

context of learning science, learning to teaching science, and teaching science to

culturally diverse learners. Specifically, grounded theory, as proposed by Strauss and

Corbin (1998), gives voice to the researched by representing them as accurately as

possible and discovering and acknowledging how their views differ from those of the

researcher’s. Kathy Charmaz (2000) elaborates this aim further by suggesting a

constructivist viewpoint of grounded theory methodology. She contends that the

historical traditions of grounded theory described by Glaser, Strauss, and Corbin are

essentially positivist in their stances regarding the researcher and his/her relationship to

data as it pertains to analysis and interpretation. Since the revolutionary conception of

grounded theory (Glaser & Straus, 1967), the fundamentals of the paradigm have been

substantially elaborated and revised to provide rigor and systematic objectivity to the

technique. In critique of some of these efforts, Charmaz (2000) summarizes the

challenges to objectivist grounded theory, as presented in recent debates about the

methodology.

…criticisms assume that the [objectivist] grounded theory method (a)
limits entry into subjects’ worlds, and thus reduces understanding of their
experience; (b) curtails representation of both the social world and
subjective experience; (c) relies upon the viewer’s authority as expert
observer; and (d) posits a set of objectivist procedures on which the
analysis rest. (pg. 521).
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 Constructivist grounded theory acknowledges the interplay between data

collection and analysis. What distinguishes it from objectivist grounded theory is

its attention to the influence of the researcher on the data production, analysis, and

interpretation. The researcher and researched are co-producers of the data and, in

that manner, the analysis and resultant interpretations are subject to “multiple

realities and viewpoints” (Charmaz, 2000, pg. 523). In addressing my role in the

research process, Charmaz’s constructivist approach purposefully considers both

my positionality as a dual-class5 African American female and my perspectives

(i.e., experiences, knowledge, and beliefs) as a developing science

educator/researcher in relationship to participant statements regarding culture,

teacher education, and science education. Charmaz proffers that the constructivist

approach is both realist and pragmatist, addressing human realities in real worlds

as perceived by research participants. Adopting a more reflexive stance

throughout the research process examines and clarifies both the experiences of the

researcher and the participants. Interpretive inquiry in constructivist grounded

theory reflects the researcher’s engagement with and subsequent meaning given to

participants’ lived experiences.

A method of qualitative content analysis (Morgan, 1993) was developed to

examine the data obtained from the conversations. As recommended by Miles and

Huberman (1984), coding served as the initial step in transforming the pages of

conversation into manageable data for analysis. First transcripts were organized as
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participant transcript sets. Therefore, a transcript set consisting of all statements made by

a participant from the group meetings he or she attended was generated. Depending on

the nature of the statement (e.g., a question posed by the participant or a response to a

question posed by me or another participant) I also included the preceding or ensuing

comments to fully capture the context of the words. Organizing the data in this format

allowed me to get a sense of how many “speaking turns” each participant had over the

course of the three conversations. A “turn” was characterized as an uninterrupted

participant statement or series of statements, typically preceded and followed by

comments from another speaker. Participant statements were then assigned descriptive

codes using phenomenological (Barritt, Beekman, Bleeker, & Mulderij, 1984;

Moustakas, 1994), narrative (Mishler, 1995), and thematic approaches (Boyatzis, 1998;

Coffey & Atkinson, 1996). These three approaches allowed me to view the data through

the multiple frames of lived experiences, storytelling, and themes derived from the

research questions.  To provide facilitate clarity and meaning of select participant

statements, transcription notes were made to indicate discourse patterns such as changes

in voice inflection, pauses, and interrupted talk.

Next, broad categories based on the descriptive codes were created and each

category was further elaborated into a number of subcategories. Because most coded

statements mapped across three or more categories, categories were grouped into sets of

three to capture the multi-contextual nature of the coded statements. Category sets were

formulated into questions, i.e., categorical queries, allowing me to reexamine the data
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with two goals in mind. First, participant statements were considered to be oral

representations of lived experiences – experiences situated and bounded in particular

contexts. Therefore, it was important to illuminate these multiple contexts and reexamine

the same statement in a variety of ways to grasp the participants’ meanings. Secondly, the

questions derived from the category sets broadened the scope and aim of the original

research questions and facilitated the process of uncovering and exploring the saliency of

unexpected findings.  The categorical queries were then grouped by common points of

inquiry to elucidate the different perspectives of prospective teachers that were captured

in the conversations. Figure 4 illustrates the analytical process described above.
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FIGURE 4: Diagram of analysis process
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Findings and interpretation

Participant views fall along three common points of inquiry – views about science

and science education, views about teaching and learning for and in diversity, and views

the structure of schooling as it science curriculum and instruction. These views are

informed by prior and current experiences as science learners and more recent

experiences as science teachers in-the-making. These findings support the significance of

biography in shaping prospective teachers’ views and images of teaching and learning,

which in turn inform teacher beliefs about teaching and learning. While these images can

be described as tentative and evolving, previous research suggests that novice teachers

rely greatly upon their practical knowledge of teaching and learning and incorporate

education theories and principles in ways that serve to bolster their own presumptions

about aspects of schooling (Clandinin & Connelly, 1987, 1995; Hollingsworth, 1989;

Olson & Craig, 2001).

To elaborate further on the significance of the findings from this study, I turn to

the extant literature describing teacher views and beliefs, teacher education/preparation

and issues of equity related to teaching and learning science. Guided by a

sociopsychological stance on teaching and learning science in a manner consistent with

principles of equity and social justice, I present and discuss participant views within a

dialogic relational perspective (DRP) framework of equity pedagogy, rooted in the

provocative ideas of David Hawkins (1967) and G. Williamson McDiarmid (1991). The

framework attempts to locate participants’ views, as presented in biographical narratives,
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in the broader objectives and challenges of expanding opportunities to participate and

achieve in science for traditionally underrepresented groups.  In that manner, the DRP

framework takes into account the roles of the teacher, the student, and school science in

addressing and meeting these objectives and challenges or contrastingly, in reproducing

disparate educational opportunities. Additionally, the concept of “social mooring” in

teacher education, recently introduced in an article by Carl Grant and Kim Wieczorek

(2000), is educed to “enlarge the frames” of the discussion of equity pedagogy in

science/science teacher education. As asserted by the authors, a consideration of the

historical, institutional, social, and cultural contexts of schooling can lead to greater

insight into the connections between knowledge and power in teacher education. I

contend that a thoughtful examination of these issues most certainly hold implications for

opportunities to learn and participate in the sciences.

Chapter summary

Constructivist, critical, and feminist methodologies were used to elicit prospective

teachers’ views of equity in science teaching and learning. Qualitative interpretive

content analysis was undertaken to examine participant talk during group conversation

meetings. Analysis of conversations revealed that participants’ lived experiences as

learners and teachers-in-the-making shape their views of science and science education,

their views of issues of diversity in teaching and learning, and their views of the

organizational features of schooling. The potential of biography as a means for

considering the roles of teacher, student, and science in relationship to the goals of
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science for all is presented and discussed in the contexts of science teacher preparation

and development.
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CHAPTER 4
RESULTS

Chapter overview

The chapter is organized in the following manner: first, a description of the

prospective teachers who participated in this study is provided along with conceptions of

multicultural science education in their own words. Next, the results from the analysis are

organized along the two major biographical themes of the study – experiences as learners

and experiences as prospective teachers. Participants’ perspectives about science and

science education, perspectives about teaching and learning for and in diversity, and

perspectives about the structure of schooling as it pertains to curriculum and instruction

are described in the contexts of these two biographical themes. The chapter concludes

with a summary of the findings and some reflective comments informed by contextual

data from select class sessions during the study period.

About the participants

A total of seven prospective teachers participated in the Fall and Spring II focus

groups. Allison, Cassandra, Ruth, and Terri, all European American, participated in the

Fall. All of the women were Biology majors except for Ruth, who was a Geology major.

All four of the young women had taken or were enrolled in two or more of the program’s

professional development sequence courses.6 In the first meeting, the four participants

were asked about their general conception of the idea of multicultural science education.
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A: …learning about constructivism…kind of concerning different perspectives and maybe

different cultural perspectives and like the ideas that kids bring with them because of

their culture…

C: …things that would help students of various cultures relate.*

R: …it seems like [teachers] want all students within the U. S. to sort of act as if they’re

from one culture and not realize it’s a big country with [a] lot of diverse places and

there’s a lot of different student needs and student attitudes…

T: I thought of you teaching science to different cultures, … having the students of

different cultures. … like maybe approaching it in a different way for people of different

cultures. [F1]

Daniel, a Mathematics7 major, and Larry, a Computer Science major, who were

both Hispanic, participated in the Spring II group. Patricia, an African American

Chemistry major, was the only female in the Spring II group.  Patricia and Daniel were

both enrolled in the first course of the professional development sequence, while Larry

was enrolled in two of the courses. Their responses to the question regarding

multicultural science education are presented below.

L: It’s essentially like different societal structural orders, different ethnicities…different

ways to view…perspectives.

P: I thought you were talking about ethnicities, racial things, that’s multicultural.

D: … I was thinking more like focusing on the contributions of science from different

ethnicities, different countries, different races, you know stuff like that, and pretty much

tie in the social and the history aspect of science when teaching it. So yeah, I thought

[pause] my definition of multicultural science education was pretty much a more broader

sense of the science content, history and culture into what made that, or how they came
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up with the ideas in science. [S1]

Interestingly, only Terri and Daniel spoke explicitly to the idea of science as

multicultural. However, based on the responses distinctly articulated by these two, the

responses of the other five participants can generally be grouped into two categories: a)

relating science to students of various cultures and/or backgrounds or b) consideration of

various cultural contributions to science.

Cassandra and Patricia’s responses, along with Terri’s, fall under the first

category in that they all focus on adapting science teaching to fit the needs of the

culturally diverse learners. Alternatively, Allison, Lorenzo, and Daniel all refer to some

notion of multiple and diverse perspectives in science. Only Ruth’s response seems to fall

somewhere in between the two categories as she refers to different “student needs” and

“student attitudes”. Participants’ ideas about multicultural science education were

consistent with my expectations and enabled me to facilitate and pursue several lines of

discussion relevant to issues of equity during each of the three conversations with the Fall

and Spring focus groups.

Although participants shared some similarities in terms of schooling experiences

in science at the pre-collegiate and collegiate level, other life experiences and influences

mediated how they were making sense of their preparation for a teaching career. While

participants provided some demographic information about the schools they attended

prior to college, due to the small number of participants, much of this information has
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been omitted to protect the anonymity. It is important to note, however, that all

participants attended public schools for all or some part of their K-12 education.

Multicultural science education as a context for dialogue

I regarded multiculturalism as a topic of contemporary discourse and I intuited

that prospective teachers of science would have some interest in the topic as well. To be

clear the debate on multicultural science education is multilayered and complex from

both philosophical and sociological standpoints. These arguments call into question not

only the epistemological foundations upon which the scientific canon was developed but

also seek to acknowledge groups of people who heretofore have not been recognized as

contributors to the knowledge base of science. Contemplation and discussion of these

arguments are beyond the scope of this study. Nonetheless the topic served as a useful

“entry point” into the views of prospective teachers regarding issues of diversity and

equity in science education.

The two statements by Terri and Daniel eloquently highlight the dilemma of the

general multicultural education debate. Stand-alone additive approaches have typically

been viewed as inadequate in both content and intent and have been vehemently

criticized by prominent multicultural educators, including James Banks (2001), Geneva

Gay (2000), and Carl Grant (1995). Terri’s comment about “approaching” science

teaching differently underscores the crux of the teaching dilemma with regards to diverse

student populations, as noted in a comment by Allison at a later point during the first

conversation in the Fall.
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A: I’ve been going teaching to kids in predominantly Hispanic classrooms. I feel like I’ve

had the experience of teaching different cultures but I really wasn’t taught if I should

approach that a different way, or you know [pause] any special considerations I should

have. Or things like that.

Science teachers, novices and veterans alike, are presented with the ambitious

task of not simply teaching science, but representing science in a manner that invites all

students to achieve. This challenge served as my agenda for understanding how

prospective teachers grapple with and make meaning of their prior experiences of

learning science in relationship to coursework and field experiences designed to prepare

them for teaching science. My goal, in part, was to facilitate a process whereby the

participants engaged in a narrative and reflective dialogue about these experiences.

Goodman (1988), Knowles (1990) and Holt-Reynolds (1991) advised that prospective

teachers have an extant “contextualized, internal, and ongoing conversation” about

teaching that often circumscribes the influence of education theories and instructional

principles they encounter in teacher education. This “internal dialogue” is a powerful

mediator of the theoretical-practical knowledge that individuals draw upon prior to and

during their professional teaching career. Therefore, I was hopeful that through a series of

facilitated conversations, prospective teachers would allow me to participate in their

“internal dialogues” as it related to issues of equity, diversity, and science teaching and

learning.

Given the prominence placed on biography and story throughout the research

process, a narrative format seemed appropriate to describe the findings resulting from
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qualitative content analysis of transcribed conversations from the two focus groups. In

the following sections, participants articulate views about science, diverse learners,

teachers and schools as they talk about their prior and current experiences as science

learners and more recent experiences as science teachers in-the-making. Analysis of the

conversations revealed a complex relationship between participants’ views about science

and science education, views of teachers, and views of students.

Throughout the chapter, contextual information is provided as necessary to

facilitate comprehension of participant statements. In addition, a legend is provided

below, explaining the symbols and notations that accompany the excerpts. While I

provide some brief commentary about participant statements, I reserve the greater part of

my reflections and interpretations for the discussion chapter.

Legend

= indicates where speaker paused or abruptly began a new statement

/ indicates speaker was interrupted

… indicates where irrevelant or confusing words have been removed to facilitate

readability

[F1], [S1], etc. indicates which focus group speaker participated in and in which conversation

statement was made; e.g., [F3] indicates that speaker participated in the fall focus group

and statement was made during the third conversation

( ) indicates word(s) in parentheses added as if speaker had actually said them

[ ] indicates word(s) in brackets added by researcher to improve comprehension
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Learning “Science” – science vs. science education

Participant accounts of their own experiences as science learners generally served

as the initial topic during the first half-hour of the first focus group meeting with each

group. Relying on my innate tendencies towards humor mixed with a touch of sarcasm,

participants and I developed an easy-going and natural rapport that began during the first

conversation and extended beyond the end of the third conversation. On several

occasions, when each meeting was concluded some participants would continue chatting

about the conversation or other topics such as general school work or weekend plans.

During the first and subsequent conversations, participants in both groups shared

their experiences with science both in and out of school.  As a participant researcher, I

hoped to push the conversation along the lines of personal experiences and therefore

chose to share aspects of my own “science biography” as it related to my interests in the

topic of multicultural science education. Ruth followed up my comments with the

statement below. As the focus group interviews were intended to be conversational, I was

encouraged by participants’ willingness to speak freely, not always waiting for me to ask

questions.

R: I think that part of the thing with science is= people are starting to realize this more,

but there’s always been this illusion of total objectivity. And it’s almost like “Well

science doesn’t need to deal with that, because science is above that.” There’s no way

you can be totally objective, everything we do is coming from our point of view. You

know, it’s only been within the last few decades that people have talked about this stuff at

all. And especially with science to realize that…I don’t know, but the example that comes
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to my mind is the way it’s always been portrayed like with fertilization, that it’s the sperm

that is running to this passive egg, and the one that gets inside. What we are starting to

realize is that the egg sort of chooses which sperm it’s gonna live in, but nobody ever

thought of it that way before because it didn’t fit with their social constructs and all. [F1]

Ruth’s comments highlighted an important critique of science as a male biased enterprise

(Harding, 1991). The perception of “total objectivity” was further illustrated by

Cassandra recalled her reaction to reading The Mismeasure of Man by Stephen Jay

Gould.  What seemed especially salient for her was Gould’s assertion that, at a

subconscious level, scientists “had manipulated their data to come up with the result that Africans

had smaller head size and then they made of course the obvious wrong leap that head size had to do with

intelligence and stuff like that.” I then asked participants how they thought the “illusion of

total objectivity” should be addressed in a science class. Terri presented the topic of

evolution as an example of where teachers needed to present both sides of the debate, and

Allison followed up with a personal story in support of a multiple perspectives approach

to teaching science.

At this point in the conversation, I made a comment to the group that was initially

intended to summarize what participants had said about the teaching of evolution as a

school subject. However, the subsequent statements made by Cassandra are particularly

important in that she both challenges my assumption of shared experience and

understandings and broadens the scope of the conversation.

M: Yeah, and evolution is=I don’t want to say it’s an easy one, but it tends to be the main

one that people kind of=it’s o.k. to have the two sides, the three sides, however many
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sides you want to have. I think people have come to a place where=you’ll probably find

more teachers presenting it that way rather than “This is absolutely the scientific=”

C: Well, once you get to the Biology department…you go in and they say “Evolution is a

fact, not a theory.”

M: O. K.

C: They qualify it by saying, you know, ‘Look, you can go into a laboratory, you can

select for this trait and you know what’s gonna happen. They’re all gonna end up with

that trait and you sit there and you can watch it’. So they’re saying you can watch certain

things and there’s evidence for other things but=you can kind of separate that from what,

from like the ultimate source, you know, what is causing this. You know, the

ultimate=there’s still gaps in it and so I think one way you can present it is this is what

the evidence is and point out where the gaps are, you know. Point out how the theory has

changed. I mean yeah with evolution, Darwin got a lot of it, but there’s big chunks that

are changed. And so presenting science more as our continuing to explain things is kind

of a good way to say that. Because you can’t ever rule out something better coming

along.

M: That’s interesting. Did you guys have=because I think we could all agree with that

statement you just made now, that science is kind of always evolving or whatever. But did

you get that sense when you were like in middle school?

C: No!

M: Or was it like ‘Science is!’

C: They sent down facts from up high.

[several people speaking at once]



73

R: Building up a brick wall…

It appears that Cassandra and other participants hold some perceptions about

science as a way of interacting with the world and about science as a subject in school.

That there is a distinction between the two is not insignificant nor is it surprising given

the historical representation of school science. Because most of the participants’ views of

science during their pre-college schooling were relatively traditional and stereotypical, I

inquired about their reasons for pursuing science at the collegiate level. The majority of

the participants pointed to personal interest or experience or the influence of a teacher, as

Ruth surmises during the third conversation.

R: I mean last time we talked about what made people go into science and it seemed like

there were sort of two camps, those who had a really=you known one or more really

good teachers that inspired them or those of us who just had personal experience. [F3]

With the Spring group, the inquiry into views of science began when I asked the

students to “characterize” their education experience prior to undergraduate based on

their perspectives or definitions of multicultural science (or in Daniel’s case, math)

education. All three prospective teachers indicated some kind of personal interest or some

personal experience that motivated them to pursue science.

D: And though, I’m a math-science guy, math and science did interest me, I feel that it

would have interested more people in the class and people probably would have been

more passionate about it if we also delved into the cultural aspects of the math and

science, like I said earlier. Talking about where the idea originated from, not exactly

when the idea was put into an algorithm or written into a book, you know, which was

usually in Europe, right. But we never really delved into the origins of covering a certain
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topic like the Egyptians and pi, and the Mayans and you know their contributions to

Astronomy, I think tying that in would have made science and math a lot more interesting

to me. I probably would have been more passionate about schoolwork cause that was

there too.  So my experience with science in the past has been bland when talking about

the multicultural stuff. [S1]

While Daniel indicated that his pre-collegiate science had been absent of “multicultural

stuff”, the examples he cited in his comment demonstrates that he has had some exposure

to a broader math and science content. He never indicated however where he had

acquired this information and I missed an opportunity to pursue this line of inquiry

further.

When Larry and Patricia recounted their pre-collegiate science education, they

introduced into the discussion two key issues that reminded me of Pearson’s depiction of

science as “universalistic and colorless” (Pearson, 1985).

 L: I see science as a methods of relationships and objects in nature, that are explicit,

and the cultural diversity that is applied to it, to the sciences, is kind of interesting to me.

Because yeah some divergence can be accounted to his culture [indicating another

participant], but if you look at pure science from a relationship wise, like culture

shouldn’t be a factor, shouldn’t be a major factor for that. It may be a factor for

contributing to the science or discouraging sciences or other things like that, but if you

want to focus on the science, you have all the resources of the world for your mind to do

the relationships with=books, technology, which is what I do, which is really interesting

for me, I mean=so when I was growing up I had the technology and the cultures, I didn’t

see it affecting me as much.
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P: …For the historical background, to know where things came from, that wasn’t a

part…of our science curriculum, kind of like you said [indicating Daniel], you have

different cultures that contributed to the science and the math that we now have and our

books never went into where things came from, it’s just kinda like they’re here, we’re

gonna deal with them, we’re gonna learn them so I guess that’s an aspect that was

definitely missing. …I mean I’d be inclined to just naturally to assume that most of it was

done in Europe, just cause that kind of seems where a lot, a lot of, my history books,

literature you know. It’s usually European/American history…and that’s kind of where

I’d be naturally inclined just based on where my literature and other things I came

across. …so interest in it was there just because I liked it and it clicked for me. History of

where it came from, I didn’t think too much about it during school, but looking back on it,

that wasn’t covered or thought about. [S1]

These statements point to the need to consider prospective teachers’ views of science as

important in how they may represent the development of scientific knowledge to their

students. As biographical guideposts, views of science have the potential to promote or

circumvent science curriculum and instruction that challenge traditional and stereotypical

ways of knowing and doing science.

In the exchange below, I reintroduced Larry’s idea of “pure science” in an attempt

to foster some discussion about the relationship between science and culture. Larry’s

comments reveal the nature of the challenge in influencing beliefs and values that have

been developed over a lifetime of schooling and other experiences.

M: … But I think unfortunately especially in science and math, we have this thing where

it’s the content that’s important and maybe the culture (is not so important), you know.

That’s why I just found your comment [indicating Larry] really interesting, this idea of
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pure science because that’s kind of one of the arguments against multicultural education,

is that it doesn’t belong in science because there’s no culture in science and some people

would say it’s not there and it should not be there and I would just ask to take a look at

any particular, you know research laboratory or any school of engineering, there’s a

problem when you have certain groups of people that are underrepresented, I mean,

that’s just a problem. You can’t have any particular field where you have a majority of

one type of people making decisions that affect the entire world if you will. And I mean

science and technology are in the position to affect many decisions in the world. And so I

think it’s a very idealistic notion [L: Yeah (but)], a very kind of utopian/

L: Simple things like the invention of the cell phone, like I have no idea who did that, I

mean actually it’s all radio waves, anyway, but to me it wasn’t like, you know=I know

Sony developed the CD player, it was probably some Japanese guy/

M: Maybe, but again that could be a stereotype because Sony, Japanese, but again who

knows, and then let me extend that further, was it really one guy?

L: No, it wasn’t, but see it was probably an Asian community.

M: Maybe.

L: Probably.

M: Maybe. I don’t know…I would say [that] technology was developed from previous

knowledge. Where did that previous knowledge come from?

L: Why is that important? (says this in a rhetorical tone)

M: It’s important because one of the problems in science when we ask kids what’s their

perception of science, how does science knowledge come about, they cannot tell you.

They can’t tell you, that a group of people, for example, maybe somebody read a paper

somewhere, maybe someone had a conversation with someone and these two people

decided they had two pieces to a puzzle they were trying to figure out, so rather than
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working individually, … they decided to work together, maybe pull from other different

sources and try to solve this problem…

Some explanation of the context in which this exchange occurred is helpful to

fully understand Larry’s statements. As the researcher any instance of self-disclosure

could have privileged my “voice” over those of the participants, potentially jeopardizing

engagement and participation in the conversations. Though I had “created” the space for

this type of dialogue to occur, I had not fully anticipated my own reactions to participant

statements. While throughout the three meetings there was a sincere effort to respectfully

hear, critique, challenge and consider the viewpoints of the speaker, aspects of the

conversations were more similar at times to “everyday talk”.  Interrupted speech was not

uncommon; however, I never detected any level of hostility or frustration during the

conversations nor while I was transcribing the tapes. Therefore, the exchange between

Larry and I was a critical one for two reasons. First, the researcher’s role as participant

was maximally heightened, warranting a closer look at the role of the interviewer. A

second and related reason is the response of the “interviewee” to the interviewer as

participant, which in this case, yielded more data in the form of participant views and

beliefs.  While the former point will be considered in greater detail in the discussion

chapter, I wish to point out that other examples of “everyday talk”, replete with

interrupted speech, rhetorical questioning, and other forms of conversational “posturing”

were found throughout the transcribed interviews. These will be described to aid reading

and comprehension of the transcribed excerpts.
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Larry’s perception that “some Japanese guy” had developed the CD player did not

correspond completely with his ideal of a “pure science”. This non-correspondence led

me to consider whether there was a distinction for him between science and technology.

As he had made an earlier reference to technology as a “resource”, it might be argued that

for him the development of technological knowledge and the development of scientific

knowledge were different, while I had assumed they were one and the same. In essence,

Larry and I may have been talking about two different kinds of knowledge development.

How scientific knowledge is understood may have important implications for how

teachers represent knowledge in the different disciplines of science and the development

and use of various tools in science. The conversation continued as Patricia offered an

explanation of why students of color may not “choose science.

M: … So there are a lot of different issues but what tends to happen with people is if

you’re black or Hispanic or Native American, or whatever, it just so happens that you

might not choose science/

L: Choose science?

M: You might not decide that science is a viable career path for you.

L: Is it because of the culture?

…

P: … in our particular [indicating African American] community it’s not seen as the

norm, for someone to get a Masters, get a PhD., and overall she [indicating me]  is

saying how can we make this in the school systems when everyone is kind of still on the

same equal footing, how do we get them to see “Oh, that’s something I can do that’s not
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like you know, just like some lofty unattainable, only a few, really smart students can do

that”, type of thing.

L: So where, where do they do that, where do they say that, it’s not=?

P: They don’t say it. It’s just like a mental thing that’s part of our society, I don’t=I was

thinking of you coming from another (country), that’s a lot different, and like my friend

coming from Trinidad, you know all the doctors, all the lawyers where she was from were

black and so it’s like nothing to her…

 Before our first meeting concluded, Daniel, who had not really said very much during

this discussion, offered a solution for how teachers could address issues of participation

in science.

D: …About trying to help out that whole thing where parents or students have never

really been familiar with science, what you [indicating me] were talking about. I think

maybe a solution to do that= it would require a little more from the teacher, but let’s say

we have this young Hispanic female from the lower class, right. And she probably, we’re

talking about common ground between cultures, you know how sometimes it’s real hard

for cultures to work together because of the lack of common ground. … well let’s say this

young Hispanic woman from lower middle class thinks ‘what’s science for me? Because

I’ve never heard of any young Hispanic female or young Hispanic from the lower middle

class ever contributing anything to science’. And then the face that you have in science is

like you [indicating me] said, a white male with a lab coat. …and let’s just say, you’re

teaching in a class that’s predominantly Hispanic. Do some research before introducing

a lesson about something and look into that and see if there’s ever been any Hispanic

contributing towards that in science. And teach them and just put a variety of faces

instead of that one uniform ideal we have on science.

M: You’ve kind of (hit on it), it takes a little bit of work on the teacher’s part.
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D: On the teacher’s part and more research.

L: The one problem with that idea=it’s a very good idea=is that usually those people that

stand out you know, you know the baseball player, I can’t remember his name, usually

when people of ethnicity or different races start breaking out into different fields, when

they first break out they’re usually exceptional people, like they are extremely=they’re

not the mundane…

M: Well, I think, it depends on what you mean again by exceptional. I think what they’re

doing is exceptional.

L: Either they’re exceptionally bright or what they’re doing…

M: Courageous, I would say courageous

L: You would have to be exceptional. We’re talking about normal mundane people, most

people that break into fields of different cultures, are exceptional people, either talented

or extremely intelligent. And I can probably=I can get some pretty good proof on that.

…and most people see those people as like ‘wow, yeah …a white Hispanic female that

cured cancer’. But she at age 3 played Beethoven’s something on piano.

M: No, no, no, I think you have to be careful in who you choose. … I don’t think you want

to get somebody like that, because then you’re kind of defeating=kind of shooting

yourself in the foot.

L: That’s my point, that’s what I’m saying…

D: Be careful in who you choose.

M: Yeah

Out of all the dialogue, this was by far the most personally provocative exchange in the

conversations. Larry’s comments led me to wonder about the images of science with

which prospective teachers identified. As a successful science student and prospective

teacher of Hispanic ancestry, Larry himself represented an image of the desired diversity
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in science; yet, he considered those who had not cured cancer, or better yet, developed

the technology for the CD ROM, to be only “normal” and “mundane” people. If only

“exceptional” people could participate and excel in science, how then did prospective

teachers consider their own role as potential representatives of science?

The topic of participation presented an excellent opportunity to uncover some of

the conceptions that participants held regarding issues of underrepresentation in the

sciences. In both the Fall and Spring groups, the topic elicited dialogue from participants

who seemed to be struggling with the phenomenon of underrepresentation. Participants

scrutinized their own lived experiences as science students and prospective teachers in

search of meaning. The Atwater & Brown and Moore articles, sent to participants

between the first and second meetings, provided a useful backdrop for the discussion with

the Fall group.

C: It’s really hard for an individual to=for me to have an understanding of that. Because

I know that like from personal experience with the high school I was in, there were no

minorities [she laughs]. There was one black guy in my class. And=but at the same time it

was a high socioeconomic status school. So then when I had my first internship…I got to

go to a high school and it was predominantly=and it wasn’t just that it was

predominantly Hispanic, it was also that it was a much lower socioeconomic status than

my personal history. And so I saw differences in what was going on but I had no basis for

resolving what would cause those differences. Was it the socioeconomic status, was it the

administration of the school, was it their culture? I mean, I have no way of discerning

because it was so different. [F2]
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A: I kinda agree with what you were saying [referring to Cassandra]. Like I was reading

the article, and it was talking about how we don’t see minorities coming up like in the

science fields and stuff, like as a relative percentage. And I was kinda thinking was that

the only reason, like purely their culture or their ethnicity or are there other factors

coming into play? Like I’m sure the same thing’s true about sex, you know what I mean.

Like I’m sure there’s a vast number of men (in science). So I don’t know. Yeah I was

kinda curious too. As if there were like other factors, what was really at play? [F2]

In the statements above, Cassandra and Allison present important questions

regarding the culture of students, the nature of schooling, and participation in science.

Such questions cut at the heart of the complex issues that surround teaching and learning

in schools that serve socioculturally diverse student populations. And as Allison’s

comments were made in concurrence with Cassandra’s, it is important to note that this

moment highlights an example of shared or mutual understanding between the two

prospective teachers.

While the topic of participation was similarly discussed with the Spring group, the

readings were not as central in eliciting dialogue. When asked about the readings at the

start of the second meeting, both Patricia and Daniel stated that they had not had time to

look at them and Larry was not present due to a prior commitment. I had brought paper

copies of the articles with me and quickly gave a brief summary of the articles. As the

conversation got underway, Daniel quickly perused the Moore article and, in response to

a question about how multiculturalism fit into science education, made the following

comment.
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D: I like this multicultural thing in science because well when I look back in high school,

and you know, compared to the whole class, there was a very few of us that were actually

interested in science. You know what I would talk to people who don’t like science or

whatever. The argument was ‘why would I need to know this stuff’, you know, ‘ there’s

other people that deal with this, why should I even be worried about it’. And I’m trying to

tie in multiculturalism with this, like I’m reading this one right here [he’s pointing to the

article], ‘helps students see themselves reflected in the curriculum’, I think that’s what

was lacking is they weren’t seeing themselves reflected in the curriculum, so they thought

they had nothing to do with science. … [S2]

Like Cassandra, Daniel had drawn primarily on his own schooling experience to

contemplate the issues of participation and underrepresentation. However, while the

article had led some of the Fall participants (white females) to probe into the “cause” of

underrepresentation due to their own relatively positive science experiences, Daniel’s

comments suggest that he (as an Hispanic male) may hold a more empathetic view of the

challenges that science participation and achievement posed to students of color. The

implications for these different “reactions” and responses will be discussed in the

subsequent chapter.
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Teaching “Science” for all? – science learning for diversity

I was interested in how participants’ views about students’ ability to learn science

were being shaped by their own experiences as learners. I was particularly intrigued by

the notion of high-achieving science undergraduates learning to teach science to racially,

ethnically, linguistically, and academically diverse students. Anticipating that participants

would be experiencing some challenges in negotiating their experiences, I hoped to not

only learn a great deal about these challenges, but to also acknowledge participants’

efforts and to encourage them as much as I could. During the first conversation in the

Spring, as I had done with the Fall focus group, I shared my science biography to

promote the reciprocal exchange of “knowledge”. Interestingly, my “turn-taking” led to a

discernible reversal of roles where the participants asked questions of the researcher.

M: …Well I guess it’s only fair whenever I ask a question, I have to answer it myself. My

own= I think pretty similar to everybody=I kind of had a very early interest in science,

I’m not really sure=I don’t think it was because of anything I did in school, it was more

so a career (choice), I wanted to be a doctor, so that was kind of=in order to being a

doctor, you need to do well in science, so it’s more kind of a means to an end. More than

just= ooh, I just really love science [with mock sarcasm].

L: Did you have any cultural emphasis?

M: No, um, um, I can’t think of, I can’t think of anything.

P: I was gonna ask where are you from, where did you go to school?

M: I went to school in North Dallas, Richardson. So it was pretty typical. I took more

science classes, we had three diploma plans. So if you were AP, that was decided like in

middle school because you kind of got tracked into that, so you really=if you weren’t in
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AP you had a choice of the two. So the regular diploma you just took the minimum state

requirements, you did nothing else or I think they called it Advanced at that point, you

could take additional science classes, computer science, Anatomy, physiology, and then

some additional math like Trigonometry was again an elective at that point, precalculus

was an elective.

P: It’s kind of amazing if you think about… AP and Honors classes and stuff because I

think like what’s considered here in America like AP and Honors is like the norm in other

countries and I don’t=if all the kids started out at like you know at a certain, at the same

level, like you know up until about third grade and they don’t have Honors and AP in

third grade but if you just kind of tell them ‘o.k. you don’t have a choice to learn any

less’. Because I think lots of kids are capable of like just like you [indicating Larry], here

was the (AP) class but you know he was like ‘why am I gonna… put myself through that.

So I’m sure he was capable of being in the class but he just chose not to do that and so

that might be something as well. Because generally people that go into the sciences are

people who took AP classes and for whatever reason they decided I can do this, I’m

interested in it. You just kind of make them where ‘you’re gonna learn this, you’re gonna

have to get through this’. They might discover that they’re interested in it and decide to

keep with it versus ‘I was never introduced to it in the first place because I was going on

this other track. It wasn’t part of my degree plan’.

As this is a high level of “disclosure” on my part, my role as interviewer is distinctly

minimized at this point in the conversation. In effect, I become the “interviewee”.

However, I have no way of knowing if I would have had the opportunity to ask Patricia

or any of the other participants the question “What is your view on ability grouping or

tracking?,” nor would I have desired to ask the question in such a fashion. However, my
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biography provoked and invited Patricia to offer her views on these topics. A similar

interview format is described in Baker’s chapter on ethnomethodological analysis of

interviews (Baker, 2002). Emphasizing the social organization of conversation, she

contends that even without questions, interviewer comments can provoke a “veritable

jackpot of talk” from the interviewee. While more about the topic of ability grouping and

tracking will be presented later in the chapter, it is important to bear in mind that most

participants were quite willing to share their views, unsolicited or not. These types of

“unsolicited” responses were in keeping with the methodological aims of the study.

I frequently expressed throughout the conversations that I was by no means an

expert on the teaching of multicultural science education. I had offered up my biography

as well as my academic knowledge for examination, critique, and reflection throughout

the process. I knew that it was unreasonable to expect that these participants would be

able to create an ideal and equitable learning experience for every child they would ever

teach. But on the other hand, I was personally committed to the ideal of “science for all”

and believed that science education in the 21st century must include a critical approach to

teaching science that questioned the myths of meritocracy and innate and immutable

intelligence. These myths perpetuated the view held by many, including some of the

prospective teachers who participated in this study, that science was special and only few

had the ability to achieve and contribute, according to the standards that have historically

circumscribed participation in the scientific community. Thus, the tension between

science for “all” and science for “few” was laid bare, as Cassandra aptly notes,
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…I wouldn’t expect every student to go into college in science and do scientific research.

But the goal is to have a scientifically literate population and I think we’ve kind of fallen

down on that part. Like you want them to understand for instance…what would be a

public health threat, you know, you want them to know why they’re not gonna get AIDS if

somebody next to them has AIDS and sneezes, you know. …and you want them to be able

to make knowledgeable choices on scientific issues that they may have to vote on, you

know, things like nuclear energy, and you know, you want a scientifically literate

population…you need to convey the process of critical thinking more so than the fact

based oriented standardized test… [F3]

For the most part, all of the participants would agree with Cassandra’s idea of

science literacy. How participants planned to reconcile the goal of science literacy with

the enactment of science curriculum and instruction was not entirely clear, however. In

the first conversation, Ruth shared an informal science experience she had had recently

working with a young child, and wondered if it wouldn’t “make more sense to let all kids

do science.” This prompted Allison to recall an episode in one of her education courses

where a guest speaker pushed her to think more about the consequences of having a

scientifically uninformed populace.

A: …[the guest speaker] was saying like you create this monumental problem for like the

next generation if you turn kids off to science because they aren’t educated about like

things that are becoming really big issues like serious threats to the environment…you

know hopefully they would be issues that they’d be able to like think about and form an

educated opinion on. …I hadn’t really thought about it in that respect like what are we

doing if kids don’t learn science, like they can’t even vote on like a simple issue possibly

that has to do with the earth or something like that. [F1]
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When I asked participants in the Spring group what kinds of knowledge they felt were

critical for students to have about science and mathematics in relationship to their lives,

Daniel shared the following thoughts.

D: Really, I would want my students to know how does math and science play into the

world around them. I would give them a lot of application, a lot of projects, a lot of

opportunities for self-discovery and stuff like that, just to get them to see everything

mathematically you know just how math plays a role in just this room alone, you know,

measurements, volume, and all that stuff. I think if you really dive into mathematics and

science in the world around them and the environment, I think you really dive in deep

into their knowledge having them learn stuff in more breadth and depth and I think once

they get that done, on a piece of paper taking a test would be much easier for them, you

know. Mainly I’d want my students to know how math plays in the world, just how it

applies to the world around them. [S2]

Patricia and Daniel had readily concurred with the notion of underrepresentation,

and both felt that student interest and teacher encouragement and motivation were key in

addressing the lack of achievement and participation in science by students of color.

Larry, although comparatively less familiar with the problems of underrepresentation,

had emphasized dispositions such as “passion” and “caring” as important in engaging

students with subject matter. As a good deal of the conversation focused on what teachers

could do to motivate students, Larry offered his view on the role of a teacher.

L: …passion is a driving force. If you’re a teacher and you show that passion or that love

for something or you devote your time to, or your heart to [it], then people say ‘well this

person that’s kinda like my role model at the time, it’s like why is he so in love with this?’

…if I show that I care with a kid, if I go to the kid and I say that ‘I’m a good teacher and
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the reason that I’m a good teacher is because I care about what you are interested in’,

and if you show the interest to the kid and become kind of friend and mentor, then you

can absorb that passion onto to them. I think it’s the key… [S1]

Patricia’s anecdote about a favorite high school teacher provides an example of

how teacher dispositions may play out in science classrooms with disinterested and/or

underachieving students.

P: But I mean, chemistry is hard subject, and I know my chemistry teacher did the best

she could. And some people still struggled through it, some people, you know, they still

did bad in the class. But, I mean, you could ask anyone who took her class, and they

would tell you she really loved chemistry. She really tried her best to help...she would

come before school, she would be there after school, she’d be like, ‘what do you need,

what can I help you with?’ And some people still did bad in the class no matter how much

she tried to help them... I mean they respected her, the kids were very respectful in her

class… some tried, some didn’t, but you know their response to her, regardless of how

they felt about chemistry at the end of the school year, I think was very indicative of how

she was as a teacher, that she really cared, she was really passionate. I mean she’d be

one of the loudest people at our football games, out there yelling. She cared about more

than just what was going on in her classroom. And I think how the students are

responding to their teachers is a key judgment in what that teacher is like. Because you

learn more when you like the person, even if it’s a difficult topic. You’re gonna pay

attention, and try harder when you feel they really care about you and they’re not just

there cause they’ve got nothing else to do and this is how they’re getting paid.” [S1]

Teachers’ expectations of students were further highlighted when Patricia recounted a

story about a family member, who is also a teacher, having to teach both a remedial and
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Honors class (neither was a science class). Unknown to the students in the two classes,

the same curricula was being used for both classes and it was only later as students talked

with each other that they realized they were being taught the same material. The teacher’s

response to understandably annoyed students was that she had found that students in both

classes were equally capable of doing the “exact same thing”, and she therefore chose to

ignore labels such as “problem student”.

This anecdote is note-worthy in another regard. During the second conversation in

the fall, Cassandra had recounted a similar scenario regarding the teaching of different

groups of students differentiated by ability. However, the point of her story called into

question the teacher’s ability to successfully teach to students of varying “academic”

ability. It is important to note that Cassandra had originally heard this story in one of her

education classes.

C: …there was one year at Kennedy where someone in charge said ‘o.k., everyone who’s

in the magnet program is gonna teach one nonmagnet class’. And she [indicating the

education course instructor] said [R: That’s a good idea.] Well, she said that there were

some teachers that were good in the magnet program and they were good in the

neighborhood class. And there were some that were good in the magnet program and just

bombed with the neighborhood class, they just didn’t=you know, it didn’t click, you

know, there’s something wrong there. And so to some extent, you know, there might be

teachers that aren’t going to be able to cope with an absence of a skill that they

maybe=that they think should be there. If you’re in an eighth grade class and you’re used

to working with Algebra students and they have the multiplication table down and then
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they ask you to teach a class where the students aren’t going to know the multiplication,

they may not=they may not…understand… [F2]

My comments following Cassandra’s remarks acknowledged that some teachers might

indeed have difficulty teaching “across” ability levels, and I contemplated out loud that it

might be an issue of skill acquisition, which could be addressed ideally by professional

development. Ruth however had a different take on Cassandra’s comments and balked at

the implication that the effort had been in vain.

R: …I want to say does that mean they shouldn’t have tried it because there’s a lot of

teachers that did well and I’m sure the kids in those classes benefited immensely? So are

you saying that we shouldn’t try it at all because some are gonna fail?

C: …I’m just saying that there is a problem and if you can address that problem you

know then you’re one step closer to=I’m just saying that the situation exists where you do

have teachers that are good at teaching the magnet classes that wouldn’t right away be

able to shift into a classroom that was doing other things. [F2]

In the second conversation with the Fall group, an in-depth discussion about

teachers was initiated in response to Cassandra’s and Allison’s comments and questions

about the causes of underrepresentation (see page 82). Also, in this second conversation,

a discussion about student-teacher relationships was prompted by a comment I made

about teacher attitude and student engagement. Informed by my work with a parent

involvement study, where parents of children attending a low-income elementary school

indicated that sometimes they preferred teachers who tended to be relatively strict and “a

little rough” in their demeanor in order to set the tone for high academic achievement

(Barton, Drake, & St. Louis, 2002). The parents had asserted that their kids were more
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likely to respect teachers who behaved in this manner. I offered this information to the

group to highlight the point that even a deceptively simple notion like respect can be

complicated when dealing with diverse cultures of students and parents. Ruth pushed me

to further clarify the seemingly contradictory points.

R: I want to know is that the teaching=…that’s the teaching style they like? (Or) are they

meaning more as the kind of results they want from their students? Because a lot of

teachers can get good results without resorting to being strict. And I think maybe the

parents are confusing a strict style=do they want a strict style if the kids still aren’t

listening? No obviously. I think what they’re actually meaning to say is they want a

teacher who can make their student do well…who can get their student to actually care

and do well. And there’s a lot of different ways to do that. [F2]

I acknowledged to Ruth and the other participants that the relationship between the

student and teacher depended largely on the personalities of both student and teacher.

Furthermore, I expressed my agreement with her contention that parents were likely to

equate student achievement outcomes with teacher style and/or disposition. A few

moments later, Ruth asked in a contemplative tone,

But then the question is how do you get to that level of respect with students?

In retrospect, I wished I had recognized this moment as an opportunity to allow

participants to offer their ideas about the notion of respect. However, Ruth’s question

brought to my mind the work of science education researchers Kenneth Tobin and Gale

Seiler. So instead I found myself sharing this with the group as an example of how the

struggle for respect might play out in an urban science classroom. Tobin and Seiler had

recently documented their work with African American youth in inner-city schools in
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Philadelphia (Seiler, 2001; Tobin & Carambo, 2002). Tobin in particular had described

his experiences teaching science to African American students. One of the particular

classroom dynamics he describes is the process of gaining respect as a teacher, which

seemed heightened by his position as the “Other” in a predominantly African American

school. Seiler described her work with African American males in a “science club” where

she strove to address the science interests of the young men rather than imposing some

prescribed curriculum on them. While I wanted the participants to know that “success” is

possible when working with students from backgrounds different than their own, I

explicitly cautioned that the strategies employed by Tobin and Seiler may not necessarily

work with students learning science in schools where participants might teach in the

future. I offered the example above as an answer, not the answer.

Another major aspect of the conversations revolved around perceptions of

students, often expressed by participants as they relayed their experiences of being out in

the classrooms. At times, their encounters with students required that issues of classroom

management take precedence over lesson enactment. Terri recounts one of her teaching

episodes below.

T: …I was on my 3-day teach and there was a girl reading a magazine the whole time

and like every single one of us, including the teacher, went by and said put your stuff

away, it’s time to do your work, it’s time to do=you’re supposed to be discussing,

students in collaborative groups=and I was just like ‘Man, she’s just reading her

magazine and she’s acting all like don’t’=

A: Irritated that you were telling=
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T: Yeah, like ‘don’t tell me what to do’=

C: I had a girl stand up and say ‘I am not going to do my work and you cannot make me’.

…and I said if you’re not gonna do your work, then you can go to the principal’s office.

And I just called [the principal’s office] and said ‘could you come get her’. I mean …she

had her hands out, I mean she was ready to attack me if I was gonna (touch her). [F3]

Allison and Cassandra related to Terri’s story through empathy and shared experiences.

The group dynamics that had been established were important in encouraging this type of

dialogue. Additionally, this exchange between the participants gave me an opportunity to

connect participants’ experiences back to one of their discussions in a class that I had

been observing. I commented that I had heard one of the instructors, in response to

similar stories like the ones told by Terri and Cassandra, advising prospective teachers on

how to handle disruptive and/or uncooperative students (Field notes, November 2002). I

also commented that prospective teachers spent a relatively short amount of time in the

classroom and they understandably had no way of knowing what events had preceded

their brief time in the classroom. Therefore, I was more than slightly perplexed when

Allison followed up on my comments with the following statements:

A: …I was really amazed at how well I felt I knew some of those kids’ personalities just

being with them for like three hours of the week. The first day, you can tell who’s gonna

be like the bright kid in the class or=you know=which helps you because you can kind of

assess the kids that might not try so hard and you might want to go and spend extra time

with them.

…

R: I didn’t feel like I knew the first day…



95

…

A: They’re kind of vague in a way, I mean a lot was revealed, but there’s like a couple of

kids in particular you know that stand out that first and you’re like that one’s gonna be a

problem, but this one’s really gonna participate and stuff but… [F3]

Allison was not the only participant who drew on her first impression to inform her

perceptions about students. The conversation continued as Terri recounted more of her

three-day experience. She recalled being surprised at the behavior of a male student who

she thought was “going to be such a problem”. Her initial assessment was made based on

the clothing the student was wearing, but when she had an opportunity to talk with him

later in class, she discovered that he was “really bright”. Ruth then pointed out the

mistake of making “too quick a judgment”, because “you don’t want to put kids in boxes

right away that you’re not gonna let them out off”. Cassandra followed up with an

interesting comment that speaks to a need to take a closer look at what prospective

teachers can be expected to glean about working with students during a field experience

limited to such a short period of time.

C: Well that’s hard cause if that girl was reading her magazine in class it’s probably

because it’s what she does in that class. And nothing against the teacher or his way of

dealing with= but that’s probably what she does in that class and during the three-day

teach it’s probably not a reasonable expectation for her to=to expect her to change her

view if that’s what she does in that class…especially in like math and science classes, a

lot of them just shut down. …I mean especially in high schools, sometimes they’ll just

shut down [and say] ‘I don’t do math, I don’t do science’… [F3]
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Cassandra’s comments were illuminating to me for two very important reasons. One, I

was not sure if Cassandra agreed or disagreed with Ruth’s comment about making

judgments too quickly. I suspected that she felt it was difficult to ascertain whether

students’ behavior was normal or out of the ordinary within the constraint of three days.

Secondly, she had intimated at students’ perception of themselves with regard to their

inclination to participate (in the broadest sense of the word) in science and/or

mathematics. We had run out of time and I did not have an opportunity to ask the Fall

participants if they had any ideas or suggestions about how to alter students’ perceptions

of themselves as “non-scientists” or “non-mathematicians”.
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Constructing “ability” and “achievement” in science education – Teacher

expectations and the structure of schooling

A discussion of tracking emerged in the second conversation with the Fall group.

Terri, who spoke the least throughout the three conversations, was quite vocal as she

rationalized the merits of tracking, relying a great deal on her own experiences as a

“gifted and talented” student.

T: …I grew up in small town and it was a small school, but it was kind of like they=in the

lower grades and even into middle school, there was=I guess it was kind of tracking or

separation or something like that, but they would have the GT students and they would be

all in the same class every single year, exact same kids in the same class. … And then

when you get into high school, it was still the exact same kids in the same English class

or you’d have the accelerated kids in the AP Math class…I would see what my friends

were doing in the regular class and I would go ‘wow if I had to do that I would be bored

to tears. You’re doing a how to paper on how to make a peanut butter and jelly

sandwich?’

M: Did they seem excited about it?

T: Sometimes they seemed bored too, but it just kind of like I was like ‘thank goodness, I

don’t have to sit through all this boring stuff’. And that was the thing, was that [the

teachers] assumed already that we knew all of this basic information so they didn’t have

to go and beat it into our heads and make us learn it. Cause you already knew, so we got

to do all the accelerated fun stuff but I know that they were students who didn’t know

what a verb or an adverb was… I knew that there were lots of kids still having problems

with their multiplication tables, you know… [F2]
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Terri seemed to have articulated at this point a very well developed rationale for the

practice of curricular tracking. However, as she continued to recount her experiences as a

gifted and talented student, a surprising “reflective” moment unfolds.

T: …whenever I think of the magnet program I kind of think of the whole separation thing

that I had whenever I was growing up. That these are the students who if you put them in

the regular classes they’d be the ones who were goofing off because they were bored,

they’re gonna be I would think maybe causing more problems. They’re the ones who

finish their homework during the class while the teacher’s talking and it’s kind of not fair

to them I think to make them have to sit through all the=sift through stuff and you’re not

meeting their needs. But maybe there’s=there’s probably lots of people in the regular

classes whose needs are not met either. [F2]

Because Terri had presented her position on tracking quite matter-of-factly, her last

sentence was particularly interesting to me. Although this entire statement was made in

what seemed to be “one breath”, her tone changed discernibly from one of declaration to

one that was certainly more questioning, even tentative. While I performed the equivalent

of a mental cheer, thinking that some “documentable” moment of breakthrough had

indeed occurred, a return to the tracking discussion in the third conversation tempered

this celebratory moment. Between the second and third conversations, I emailed the

participants another set of readings that I hoped would address some of their interests,

questions, and concerns. Another topic that participants had intermittently touched on

during the first and second conversations was the issue of science literacy. Therefore, I

was excited to find two readings that addressed issues of pragmatic and idealized science

literacy (editorial in The Science Teacher), and tracking and ability grouping in science
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(article in Educational Leadership). As we extended our conversation on tracking by

discussing the project-based/untracking article by Susan Koba, Terri again found the

“promise” of untracking quite problematic.

T: I would think that parents would be resistant to untracking because I know my=I know

that like at the school where I grew up… the parents were really gung ho about their

students being challenged and all, being in all this kind of stuff and that’s why=and there

was definitely…tracking from really young.

R: Untracking like the way they’re doing it here, it’s not they’re just putting them all

back into regular classes, it’s more like they’re bringing everybody up to the level of the

kids who are already being challenged.

T: My thing is that the parents might see (untracking) as ‘well if they’re gonna put them

in with everybody, my kid has special needs’ or even maybe some of the kids who have

been in the lower tracks, (their parents) will say ‘if they’re bringing them all up here, my

student might be left behind’ so…

R: You have to have lesson plans for kids who don’t=that’s the cool thing about project-

based ones where you can do it on a lot of different levels.

T: I’m just saying that a parent, unless it was really thoroughly explained to them, might

initially feel like ‘well whenever it’s split up then I can get my kid=my kid can get

attention for their special needs’ [C: Yeah.] unless it’s explained really well, parents

aren’t gonna understand why. [F3]

Terri had invoked to some extent the voice of self-as-parent while still relying on

biographical experiences to rationalize her beliefs and opinions about schooling.

Cassandra indicated some agreement with her statement and position. During this

exchange I affirmed Terri’s point regarding a parent’s concern about their child being
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over-challenged in a particular learning environment. However, I wanted the participants

to consider the distinction between a child with specific, clinically diagnosed learning

differences or disabilities and a child who had simply been characterized as a slow

learner or low achiever.

M: I’ve heard of stuff like that happening where they make this proposal to untrack the

curriculum…and parents just=and it’s usually the parents whose kids are doing really

well. I haven’t really thought about the parents who might say ‘well my child just can’t

learn at this level’. I don’t know if that’s even=I don’t know, I just haven’t heard a parent

say ‘no, my child just really can’t [learn at this level]’…I think that would be the case,

yeah if you were talking about taking a class that really had a designated learning

disability, if they were treating a specific=you know working with kids with a specific

learning disability,… [F3]

The discussion of tracking, student ability, and learning also occurred in the Spring with

the second focus group. However, the discussion was relatively short-lived as the

conversations with Daniel and Patricia seemed to be framed in the assumption that

differential educational opportunities existed for different groups of students. Patricia had

already offered her observation of how school tracking regulated which students were

more likely to pursue science. When pushed to consider how they as teachers might work

with students who may not be highly motivated to learn science or math at an advanced

level, Patricia offered a tentative but powerful suggestion.

P: I don’t know…being quite honest. Obviously I didn’t spend very many hours in the

classroom, I can’t really say how I’m going to deal with it. … I don’t really know=cause

you’re [indicating me] right, I get them after like ten years of them being in the education



101

system and they’ve been consistently labeled as… low achievers… If they [teacher

educators] ask us to reconstruct their, you know=they talk about prior knowledge, and we

have never really dealt with how to recon=deconstruct people’s wrong ideas about

science (relevance and participation) as they considered them and teach them the right

way. We haven’t really dealt with deconstructing those ideas but maybe if it’s=I guess if

it’s possible to deconstruct wrong conceptions about how physics work, then you can

deconstruct wrong ideas about their ability to learn physics. I’d like to think it’s possible,

I have no good answer for how to go about doing that. Trial and error after years of

being in a classroom, I’m sure. [S2]

What Patricia was suggesting was taking on and challenging students’ misconceptions

about what it means to know and do science. Few participants had commented

specifically about how they might address students’ ideas about the science as an

endeavour. In the Fall group, only Ruth had indicated that she really liked some of the

ideas introduced during her coursework and was thinking of using them with her own

class. She specifically talked about using alternative assessments and the Draw-a-

Scientist activity to help broaden students’ ideas about who could do science.

With the Spring group, a similar discussion emerged during the second

conversation meeting and I was able to candidly ask Daniel and Patricia how they

thought they would deal with students who might not be motivated to achieve in science

or mathematics. Daniel had expressed a willingness to work with “underachieving” and

“undermotivated” students, but felt no more prepared than the other participants,

D: I wouldn’t know what to do if I were placed in that situation. But my…teaching

experience [indicating the three-day teach] kind of helped me out in this thing. My class
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was a pre-AP seventh grade math class and the math class still had unmotivated, you

know, half of them were, you could tell were willing to learn, and the other half just

didn’t want to learn. [At this point he begins to describe how much difficulty the class

was having with the first two of the activities, but recalls that the third and last activity

was probably the “easiest lesson out of the three” and seemed to go much better in terms

of engaging the students] …So I think you should go into, if you teach a class like that, a

class that’s categorized as regular, you should teach them the same way, but I guess

make the activities a little easier for them to do, something’s that... [S2]

I then asked Daniel what were the three activities, and as he concluded describing them,

he recounted a conversation that he had with his mentor teacher.

D: …And I was talking to (my mentor teacher) and he said ‘you know this a tough lesson,

you know you’re trying to incorporate self-discovery to all the students who aren’t

motivated and might see this as too challenging for them’. And I was like ‘yeah, that’s

true’, so we made our third, and so I kind of remembered, we made this lesson much

easier, the engagement, the exploration, you know much easier for them to do. And we

had those who you can tell just really don’t like math, participating. So I think you should

teach the same way, you should engage them, you should have them explore, you know

just easier, not challenging too much. [S2]

Patricia then offered some critique and words of advice to Daniel, suggesting that the first

two of the activities may have been too abstract, using paper and rice to derive the

formulas for calculating the volumes of a cone and a cylinder. She thought that the third

activity - using dice to teach the concept of probability - maybe had more appeal because

Daniel and his teaching partner had set it in the context of making free throws. Daniel

said that the context for the first two activities was ice cream in two differently shaped
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containers, but maybe “that didn’t catch (the concept) too well.”  My comment to Daniel

was similar to Patricia’s, and in the process I revealed my math “ignorance”.

M: …I kind of thought the same thing as Patricia. I wondered if you had, if you had

presented it to them as I don’t know, not so much a bet, but a challenge, saying

something like I don’t know, or as a hypothesis, cause I think the cylinder and the cone

are supposed to hold the same volume right, or not?

D: A cone is a third of the cylinder.

M: O.K., or so maybe even say that. Hey, I bet you these two containers can hold the

same amount of water. And you know the class might start to ‘I believe it, I don’t, no

that’s impossible’ and then they have to prove it. So in that way you’re incorporating one

version of the scientific method and then they have to go through and actually… I don’t

know, it concerns me that sometimes we present things to kids, and we’re kind of like just

do this, so you can learn something out of this. Whereas sometimes you really have to

make them challenge what they believe or have them really grab on to a belief and then

use that to kind of disrupt, and so maybe even have the class split up and those that really

believe the two containers hold the same and then the other side that doesn’t think, and

then they kind of have to prove to each other, if you will. So it’s kind of mixing science

discovery like that teacher said, you’re still getting at this. Cause they’re obviously

gonna find it doesn’t hold the same. Cause I personally wouldn’t think, I mean just those

lessons you presented, I don’t think either one of them are any more or less challenging, I

think the engagement aspect played a huge aspect. It’s like why were they doing it. …I

don’t think the concepts are any more or less difficult, I think it’s just how you, and what

context you put it in and for it to, you know, (make sense). That’s just an idea, and maybe

just have the class=kind of present it as a challenge to them. [S2]
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If our discussions led to nothing else, I hoped that participants would walk away

from this study, rethinking and reflecting on their perceptions about student ability as it

related to science (and mathematics) learning. Larry, while struggling with the idea that

certain groups may be systematically excluded from science, did have an experience in

the field that drew his attention to the challenge of language proficiency in learning.

L: But see the cool thing about it is the technology…we do a lot of research on the web.

…they can find most of the stuff in Spanish, but I brought in this technology that actually

reads (for the kids), I’ve shown the computer how to read the text for the kids cause they

are so discouraged in reading in general, especially in English, that all they do is look

at pictures, especially on the web, and anything else. And so now I brought this in to

where they just highlight and click… and it reads it,…and translates. [S3]

In the third and last conversation with the Spring focus group, I found myself

once again “reframing” talk about student ability as Larry recounts his three-day teach

event. He described the experience of one student, which seemed to have made quite an

impression on him.

L: …So like hearing that interaction and mathematics and the probability behind it was

really outstanding. Especially when I got that one kid to blab out the answer. Like’s he’s

one of the slower kids in the class, he’s just…

M: We’ll say quote-unquote slower kids.

L: And he actually answered the question right and the class responded to it. It was

really really funny.

M: I mean I think that’s interesting, because the class had deemed him the slower

(kid)=and so they were all like ‘What!’.
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L: It was beautiful, at one point the class was like giving him little high fives’s. and he

was like just talking to the kids and they were like ‘he doesn’t even believe he got the

answer right’. It was really cool, it was really cool. So it turned out=that lesson turned

out really well. I would do that again. [S3]

While Larry was excited about the success of his lesson, I could not help but comment on

the taken-for-granted reference to perceived student ability. During some of my

classroom observations, I had noted that other prospective teachers (who were not part of

the study) made similar comments. These observations led me to wonder about a type of

“cohort effect” that might be influencing these perceptions. A comment by Patricia

alluded to the possibility of this phenomenon playing an important role in prospective

teachers’ views about student ability.

P: ...And my teaching partner at times she’s like ‘these classes are stu(pid)=these kids

are slow, they’re not going to learn’. I’m like ‘don’t just say that and dismiss that’, I

mean that’s true, but that doesn’t mean they can’t learn if you work with them. It just

might take longer... [S2]

Even as she raised objections to the negative comments, Patricia inadvertently affirms the

perception of low student ability. Her optimism about the power of good teaching is ever

so slightly tempered as she considers the challenges she has faced so far during the

process of learning to teach. What she is learning from her mentor teacher may also have

unintended consequences on her optimistic views of student ability.

P: ...I mean even the classroom I’m in now, our (mentor) teacher tells us like ‘this is an

inclusion class, we have a girl who can barely speak English, it’s like you have this guy,

he doesn’t really talk a lot, you can’t really push him into stuff’. And for me, I get the
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feeling that he just really knows his class, he knows what their real learning difficulties

(are). He says there are some kids that are really quick in the class and he told us that

going into the teaching... [S2]

During the discussion about curricular tracking and magnet schools in the second

conversation meeting held in the Fall, I challenged participants to think of an alternative

system, perhaps one without criteria, that would provide greater access to science for

underrepresented students. Ruth suggested that using criteria other than test scores or

grades could allow for more students to gain entry into advanced or magnet programs.

She felt that slots could be reserved for students who showed potential and were

recommended by a teacher. Referencing her experiences in one of the local magnet

schools, she recounted the animosity she had observed between the magnet and non-

magnet students due to the in-school separation. She thought that if more students had an

opportunity to get into the magnet school then this would lessen some of the hostility.

She then capped off her suggestion with the following comment,

…also it’d be cool if you had something where like if the teachers, you know there’s

probably the better-equipped teachers in the magnet program, could maybe be doing the

inservice days for the rest of the teachers or sharing some of the stuff that they learned.

Because otherwise you just…it’s totally separate. [F2]

I was curious about Ruth’s comments regarding “better-equipped” teachers, but did not

get a chance to ask her to elaborate, as Terri posed a question of her own.

T: But I have a question, o.k. If you don’t have any kind of criteria for this magnet school

and it’s just like a regular school program, like what would really distinguish the magnet
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school if you didn’t have a whole bunch of=if you didn’t have a way to=I guess, what

would be the purpose of the magnet school?

R: You still would have the classes be different.

T: You would have= just have different classes, but have everybody, regular students, I

mean just like=?

R: Well, if they end up not doing well, you would want to kick them out to make room for

a kid who might do really well. … [F2]

Ruth went on to say that you would still would need some criteria to determine whether

students would be allowed to stay in the program and that the major difference between a

magnet and regular classes was that magnet classes are “cooler”. She asserted that due to

financial constraints, not everyone could have the “cool” classes, but at least this way

more students would have access to them. Terri had some difficulty envisioning what this

alternative school would look like and later suggested that parents would have a hard

time envisioning such a school as well.

Participants’ experiences as prospective teachers were also playing a part in

shaping their views of science teaching. Comments regarding science and teacher

education coursework, classroom discussion and/or field-based experiences revealed

glimpses of how participants were making sense of their preparation to become

secondary science/mathematics teachers.

C: …I personally think that we’re [indicating students in teacher education program]

being asked to do a lot. We’re being asked to do a lot, we’re being asked to do things that

we haven’t seen=at least I haven’t seen…I mean I didn’t go to a school where they
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(taught in the ways we’re being asked to teach), they’re asking me to do something

that/R: That’s really a bit hard./C: I haven’t actually seen much of. [F3]

The more progressive vision of science teaching and learning, as promulgated by

the university’s teacher education program, presented a potential challenge to the views

of some participants. Therefore, field-based experiences can be a powerful mediating tool

in helping prospective teachers bridge theory with practice (Brown, Collins, & Duguid,

1989). And yet field experiences do not always have the desired impact on prospective

teachers (Knowles & Cole, 1996; Zeichner, 1980). One area that receives little attention

is the scarcity of role models in real classrooms using effective teaching practices with

diverse students. Larry’s comments about his field experience are significant in this

regard.

L: … my major concern is we have all this intellectual backing, we have like all these

perspectives to look at. …first we have to assess their prior knowledge and (do)

assessments, and we see if the kids are at a cognitive level where they can understand the

material, you have to assess that. And then after that you have to actually teach a lesson

and then formalize an assessment and base your assessment [on what you taught] and

see if they got anything out of that, all within a time constraint of a class (period). [We

start to giggle.] And so now you go out and see the real world and then you go in and you

see, they [indicating teachers] don’t write any observation stuff. You see a teacher goes

up there and does a procedural system, expects the students to copy that procedural

system, and try to learn something from that. They [indicating the students] usually don’t

(learn), those are my observations. And then the teacher sits down and says the second

one. Which is mainly what I’ve been seeing. [S3]
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These observations underscore the difficulty in changing prospective teachers’ images of

effective teaching. In urban school environments where dealing with other challenges

may seem paramount to enacting reform-based practices for optimal learning, teachers

often turn to teaching in ways that are familiar; furthermore, new teachers may feel

especially reluctant to engage in teaching practices with which they are not fully

comfortable. The literature consists of ample document that prospective teachers tend to

compare and contrast their teacher education coursework and experiences to their own

biographies (Calderhead & Robson, 1991; Eick & Reed, 2002; Goodman, 1988; Holt-

Reynolds, 1991; Lortie, 1975). Therefore, the incongruency between experience and

teacher education warrants more deliberate consideration by teacher educators.

Shaping biography through teacher education

Prospective teachers come with a complex array of beliefs and knowledge about

teaching and learning.  Much of this array remains unexplored and unexamined as the

details of completing course requirements and corresponding practica may overshadow

the critical interplay between prospective teachers’ extant and developing ideas. Unlike

the focus group meetings where reflections on lived experiences shaped much of the

conversation, it was not always possible to discern the biographical influences on

prospective teachers’ ideas related to issues of equity in the context of a classroom

setting. A rare instance of the interplay between biography and teacher education was

noted during one particular class discussion over a set of readings intended to highlight

issues of equity. During small group discussions a number of prospective teachers could
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be heard sharing personal anecdotes or expressing ideas about their experiences as

students – for example, as students of color in honors or advanced classes; reflecting on

what it means to “care” in teaching (“I don’t think it’s fair to say teachers don’t care, I

think my teachers cared about me learning”) (Field notes, December 2002). When the

class reconvened to a whole class discussion format, the groups were asked to share their

thoughts on and their understanding of the readings. A few illustrative comments are

presented below. The first two comments were made during the whole class discussion of

John Ogbu’s (1992) article on the schooling experience of what he terms “voluntary” and

“involuntary” minorities; the third comment was made regarding Angela Valenzuela’s

(1999) description of a “subtractive schooling” experience during her study of Mexican

American youth.

“I can totally see how non-English speaking parents would discourage their kids from

speaking English, which would make them not do well in school.”

“Parents from that culture [i.e., involuntary minority] don’t support or encourage their

kids to do well so there is a lack of support from that community.”

“It’s hard to know if the results are true because the study was only on one school. It

would have been better had there been more schools involved.”

While these statements by three different prospective teachers include no explicit

biographical references, all three of these individuals had been part of small groups where

lived experiences had been part of the discussion (Field notes, December 2002).

Therefore, the role of biography is potentially significant in understanding the expressed

ideas of prospective teachers.
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Equity moments – missed opportunities?

Recognizing and describing equity moments was a salient aspect of the course

observations I conducted. Even in courses that were not specifically dedicated to

discussions of equity, comments or questions were raised by prospective teachers, but

these statements were not always addressed directly within the particular class discussion.

I noted on more than one occasion during my classroom observations that opportunities

for extended dialogue on the issue of equity were lost due to the constraints of the course

structure. For example, during one class meeting a student raised a question about the

basis of Piaget’s cognitive development model as a rationale for the practice of ability

tracking. As the focus of the class was geared more towards the cognitive aspects of

science learning, the question was not explicitly addressed during this or other

subsequent observations of this course. (Field notes, February 2003). However, about a

month and a half later, a class activity in this same course created a potential opportunity

to revisit this issue. Comments regarding the difficulty of the task prompted the instructor

to share with the prospective teachers that researchers had shown that children in an

“inner-city 2nd grade classroom” had managed the task successfully (Field notes, March

2003). Emphasizing that “these were not gifted kids”, the instructor likely wanted the

prospective teachers to be mindful of what all children could do rather than what they

could not do. Whether this was an implicit attempt on the instructor’s part to redress the

earlier question is not clear. What is a reasonable conjecture is that given the amount of
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time that had passed between the two class sessions, the power of the discussion that

could have transpired was significantly diminished.

In another example, observations of prospective teachers engaged in a reflective

exercise provided a different view of the evolving ideas of teaching and learning. Video

analysis was intended to guide prospective teachers in the process of critically examining

their teaching practice. Identification and discussion of issues of equity were among

several objectives prospective teachers were expected to meet during their analysis of

their teaching practice (see Appendix C for 3-day model teach rubric).  I observed three

of the prospective teachers presenting the analysis of their teaching to course instructors

and teaching assistants. While two of the prospective teachers were able to discuss equity

to some extent in the context of their particular field teaching experience, the third

prospective teacher noted that no issues of equity had emerged during her field teaching,

contrary to my own observations of the field teaching event she had presented. After the

young lady had completed her presentation, I asked the T. A. about her perception of the

prospective teacher’s assertion regarding her analysis of equity in her teaching practice.

The T.A. commented that the young lady seemed to have “missed the equity” as she

talked about her teaching. The T. A. and I had both keyed in on the young lady’s remarks

about a male student in the class who she deemed as “not caring about the lesson”. In this

episode two male students were clearly not participating in the class activity. The young

lady who had presented her analysis is observed in the video walking over to the two

male students while her teaching partner carried on with the lesson for the rest of the
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class. Because the two male students were sitting facing and talking with each other, she

knelt down to desk level in between the two of them and made direct eye contact with

one of the males, a Hispanic student, and is seen talking with him and pointing to a

worksheet. After a minute or two of talking with him, he is seen picking up his pencil and

begins to mark on the worksheet. The young lady then gets up and walks away, never

acknowledging or looking at the other student, an African American male. This was the

student she had identified as “not caring” about what was going on in the class. This

episode was a snapshot of a three-day teaching event and I had no knowledge of what had

occurred prior to or after this particular teaching event. But in my opinion, a critical

moment for a discussion of equity had simply been “missed” (Field notes, April 2003).

Chapter Summary

These observations have been useful in conceptualizing a framework for “science

for all” in science teacher education grounded in the perspectives of prospective teachers.

The goals of science for all require further articulation during the preparation of

secondary science teachers, starting with an explicit consideration of the prior and extant

knowledge and experiences that these individuals bring with them to their programs.

Personal experiences as learners and prospective teachers shaped the images and views of

teaching and learning held by participants. Specifically, perspectives of science as a

discipline/practice vs. school subject are articulated as participants strove to make sense

of their own experiences and their impending responsibilities as teachers of science (and

mathematics). Participants also revealed perspectives regarding the challenges and
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promise of teaching science for diverse student groups. In some cases, a type of

experiential dissonance characterized the nature of prospective teachers’ field teaching in

juxtaposition to memories of their own schooling, especially as they sought to understand

the dynamics of urban classrooms and schools. Participants also reflected on the teachers

expectations for teachers and how this may shape student outcomes. Lastly, they

presented their observations of particular facets of the schooling system in connection

with their perspectives about opportunities for participation and achievement in science.

The key themes are recapped below:

Perspectives about science/science education

ß Science “worldview” (e.g., discipline, practice, & literacy) is

developed as distinct from science as school subject (curriculum).

Perspectives about teachers and students (within a particular school

environment)

ß Teachers’ expectations and dispositions are considered important for

student engagement and success.

ß Student achievement is tied to perceptions of student ability.

Perspectives about science education for diverse learners (within a particular

structure of schooling)

ß Access and participation to science is uncritically linked to ability and

achievement in school.
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In the next chapter, the findings from this study are elaborated into a discussion of

the multiple interfaces of experiences, knowledge, and beliefs in shaping teachers’

perspectives, and the implications these perspectives have for preparing science teachers

within a science for all agenda. A dialogic relational perspective (DRP) framework is

described to synthesize and inform a conceptual model for equity pedagogy in science

teacher education.



116

CHAPTER FIVE
DISCUSSION

“…we [teacher educators] would do well not only to explore the beliefs our students have
developed about “good” teaching but also to investigate how they use those beliefs to
defend the decisions they make.  …accepting “personal history-based beliefs” as
coherent, cohesive, and therefore legitimate premises from which preservice teachers
begin their formal, professional studies means assuming that our role as teacher educators
centers more around fostering the professionalization of those existing rationales rather
than around generating professional rationales and behaviors from scratch. Helping our
new colleagues discover, understand, challenge, enlarge, inform, and consider changing,
reprioritizing, or reforming the premises upon which they base their arguments can
become our primary and legitimate concern” (Holt-Reynolds, 1992, pg. 344).

At the core of this inquiry lay my desire to engage in purposeful and beneficial

dialogue with prospective teachers about equity issues in science education. I expected

that these individuals bring to bear on their learning in teacher education coursework and

field experiences a set of prior experiences and knowledge that informs their views about

equity issues in science and mathematics education. Facilitating group dialogue focused

on a common topic of interest, I proposed that talking with a group of prospective science

and mathematics teachers who were interested in the topic of “multicultural science

education” would provide necessary and important feedback to the teacher education

community about how prospective secondary teachers perceive equity in science

education.

The quote at the beginning of this chapter is intended to underscore the

proposition that the entering personal perspectives of teacher candidates need to be

illuminated so that both teacher candidates and teacher educators can engage in a critical

and reflective manner how these views influence the professional perspectives teachers

hold about schooling. In this regard, it is appropriate to consider that the perspectives of
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the seven teacher candidates that participated in this study are still developing. How this

developmental period is shaped by experiences in teacher education can lead to desirable

outcomes (e.g,. a cadre of reflective practitioners who actively work to challenge their

own as well institutional biases about the role of school science) or to unintended

consequences (e.g., a socialized group of teaching professionals who maintain the status

quo system of inequitable learning opportunities that continues to marginalize large

numbers of students in science). What then is the role of science teacher education in

working towards the goals of equity and diversity in science/science education? Or

perhaps the more pertinent question should be “what is possible within the realm of a

teacher education infrastructure that is committed to a science for all reform agenda?”

 The perspectives of prospective secondary science teachers were presented in the

previous chapter. Broadly stated, the seven participants held views about science teaching

and learning that in some ways affirmed an awareness of and a desire for an inclusive

science education, while they concomitantly presented ideas of teaching and learning that

were dissonant with a science for all philosophical orientation. Given that the participants

all had some experience working in schools that could be characterized as challenging,

what opportunities were they being afforded to “discover, understand, challenge, enlarge,

inform, and consider changing, reprioritizing, or reforming” their extant perspectives

regarding issues of equity and sociocultural diversity in science teaching and learning?

In the following sections, I consider each of three perspectives separately. Then a

conceptual model is introduced that highlights the relational nature of the perspectives.
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Lastly, a framework that situates the relational model in the context of broader issues

associated with the social, economical, historical, and political contexts of schooling is

discussed to propose a model for an equity pedagogy in science teacher education that is

multicultural and social reconstructionist.

Perspectives about science/science education

Participants presented views about science and science education that point to

their understanding about teaching and learning science. They are able to describe quite

articulately science as a practice and way of understanding the world. There is also a

desire to make science meaningful to their prospective students. And yet they hold

distinct views about science as a curricular and instructional endeavor. Their views about

who participates in science and how science has been used to propagate certain images of

groups of people are not necessarily translating into their views for how they will teach

science. They seem to be reconciled to go into schools with a certain repertoire of

knowledge and skills about how to teach science and apply their tools in a selective

manner based on what their perceptions are of student ability. Therefore, while science as

an epistemological practice appears to have the aims of making sense of our natural

world, the aims of school science seem to be directed towards picking and choosing

which individuals are best suited for advancing scientific knowledge. Participants present

these views in an unproblematic, tensionless manner that is contradictory to an agenda of

science for all. One of the participants made explicit his lack of awareness of the ways in

which school science may serve to marginalize certain students. Larry, in fact, expressed
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views about science participation that underscore the ramifications of holding an image

of a science community that does not reflect a diversity of various groups of people in

terms of class, race, and gender. And while some participants like Ruth held a

comparatively advanced view of science for all, this view was constrained by traditional

conceptions of ability. These issues point to a need for a closer examination of

prospective teachers experiences in science and how these experiences inform their ideas

about teaching and learning.

Perspectives about teachers and diverse learners (within a particular school

environment)

Upon closer scrutiny, participant statements revealed only a few instances in

which they engaged in the kinds of critical critique advocated for by Holt-Reynolds

(1992). Participants were more likely to remark or deliberate on the salient issues in ways

that highlighted circumstances beyond their own immediate views or actions. For

example, as Cassandra and Allison share their thoughts about the readings on

underrepresentation and underachievement in science/science education, they engage in a

momentary reflection on their own personal experiences. However, as they speculate

about the underlying factors behind these trends, they present a number of possibilities,

including the effect of school administration. Yet, neither participant included in their list

of possibilities the role of the teacher or instruction.

However, during an occasion where the role of the teacher is brought to the fore

in the discussion, the change in focus does not necessarily result in any greater awareness
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or understanding about the possible cultural complexities that surround science, and in

this particular case, mathematics education for traditionally underrepresented students.

Daniel’s recount of his teaching of the cone/cylinder activity is an example of how an

opportune moment for a critical evaluation of instruction turns into an evaluative

judgment on “student ability”, measured by how students engaged with the learning of

the concept. Daniel’s decision to lessen the “difficulty level” of the activity once again

takes the attention away from the role of the teacher in curriculum and instruction in

science (and mathematics).

Field experiences in economically and/or culturally diverse school environments

also brought to the fore that some of the participants reflect on the idea that the schools

they had attended had not been as diverse. These statements came mostly from the Fall

focus group participants who observed that the schools they were now working in were

comprised of students whose ethnic and socioeconomic backgrounds were different from

their own. They asserted that in some ways this unfamiliarity made it difficult to evaluate

what factors were especially pertinent for understanding the different dynamics in the

schools.

Perspectives about science education for diverse learners (within a particular

structure of schooling)

Emphasizing the role of the teacher is not the only way in which prospective

teachers can be encouraged to engage in a critical reflection that examines their own

views. Throughout the six conversations, there were two distinct occurrences of talk
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about student ability or engagement with science in the context of the structure of

schooling. Two participants, one from each focus group describe what could be

considered a “critical” moment in which taken for granted assumptions are exposed and

challenged (to the degree of was possible within an ongoing conversation). During an

extended conversation about curricular tracking, Terri initially provides a rationale for the

practice of tracking, but as she continues to talk begins to wonder if the needs of students,

particular those in the “lower tracks”, had been met. In the Spring focus group, Patricia,

taking a different tack on the ability issue, suggests that perhaps a deconstruction of

students’ ideas about their ability to learn science (she uses Physics as an example) was

as important as deconstructing misconceptions that students held about physics.

Admittedly, the ever so slight shift in their thoughts, if only fleeting, was considered by

me to be a step in the right direction.

Nearly all of the participants in both the Fall and Spring groups had been enrolled

in a type of advanced or upper curricular track system during their secondary schooling.

Given that the types of students they typically associated with science were students very

similar to themselves in terms of background and academic achievement, terms like

“challenging”, “low ability”, and “magnet”, “advanced” and “regular” were ubiquitous

during our conversations. In trying to reframe some of this talk so that some of negative

connotations of these terms were made more explicit, I found that it was difficult for

some of the participants to conceive of a science education that could be for all students.

The Fall focus group struggled to envision this program in a way that would not cause
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controversy for some members of the community, namely parents. Interestingly, while I

chose to introduce this as a topic for discussion with the Fall group, the “socially

constructed” notion of advanced placement or honors was introduced almost incidently

by Patricia during the Spring conversations. With this group there was very little

discussion about how to make science accessible to all; there seemed to be a basic

presumption with this group that all students should have an opportunity to learn science

in ways that gave them future access to science.

The seven participants seemed to be at various stages in their understanding of a

science for all philosophical orientation. An awareness of how these differences in

orientations play out does indeed have implications for helping prospective teachers

shape their understanding of an inclusive science education. The findings presented in

this study inform a conceptual model for equity pedagogy in science teacher education.

The model is firmly rooted in the perspectives of science/science education, students, and

teachers as articulated by the participants and serves as a framework to further elaborate

on the particular ideas that are present within each of the three perspectives.

Dialogic relational perspective model

David Hawkins’ essay “I, Thou, It” (1967) provides a philosophical framework

for thinking about the communicative relationship between teachers and children and the

subject matter in which they engage. Hawkins’ ideas originate in the basic premise that

the interactions between adults and children occur in a context, i.e., “the world of man

and nature” (pg. 51). Without this context and its accompanying content, namely the It,
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the I and Thou exist in a “vacuum”. For teachers and students, the presence of this

“educational vacuum” hinders the natural process of inquiry and learning. In his essay,

Hawkins points to notions of   “respect”, “mutual interest and exchange”, “confidence”,

“trust”, and “engrossment” as elements that circumscribe the “I-Thou-It” framework. G.

Williamson McDiarmid (1991) has also found this triadic framework to be useful in

discussing the teaching and learning of diverse learners in the context of subject matter.

McDiarmid presents that often prospective teachers pay little attention to the views of

students regarding subject matter. It is not enough, he argues, to “be knowledgeable about

various cultural groups from which their students come” nor is it sufficient to “be

formidably knowledgeable about the subject matter” (pg. 268). Prospective teachers must

be encouraged to develop an understanding of the relationships between these two kinds

of knowledge and themselves as teachers. Without such understanding, it is unlikely that

teachers will be able to represent the subject matter in manner that allows for students to

engage with it for the purposes of learning.

The Hawkins/McDiarmid thesis provides a provocative conceptualization of the

teacher and student in relationship to the particular aims of learning subject matter. As

secondary teachers specialize in particular academic disciplines, they represent particular

aspects of that discipline. One aspect of the discipline that they can present is the

importance or relevance of that subject or discipline to our everyday understanding

and/or perception of our world. For example, English teachers strive to relate to students

the importance of grammar and literary form in written and spoken language because of
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the emphasis on communication in our society. In that vein science teachers, within their

particular subject matter areas, place an emphasis on providing students with an

understanding of concepts that explain the world and the variety of natural phenomena to

which we are continually exposed. While teachers have an obvious intrinsic interest in

their subject matter, students may not always come into the classroom presenting with

same level of interest in or motivation for learning the subject matter. In that way

teachers often find that an important aspect of their job is to engage students in ways that

will motivate them to seek knowledge for knowledge sake.

Hawkins (1967) asserted that the subject matter in many ways provides the

common goal that informs how teachers and students interact with each other. It is not

hard to imagine that if the common goals are not the same for both teacher and student,

the quality of the interaction is somehow compromised. Hawkins recounts a humorous

moment from his own life, where he finds himself waiting in a hospital corridor for his

wife. To his distress, his wife had left alone with a small child who was spending some

time with them. He recalled feeling quite ill at ease as he had spent little time around

children at that particular age level. He was not until he noticed the young child staring at

a painting hanging on the wall that he was able to engage in a conversation with the child

about what he saw in the picture. For Hawkins, this moment demonstrated how much of

the adult-child relationship revolved around particular contexts, situations, and objects

that were of mutual interest to both the adult and child.
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Applying this premise to the findings generated in this study facilitated the

development of a conceptual framework around which the perspectives of prospective

science teachers could be articulated in the ongoing intellectual discourse in the field of

teacher education. While participant perspectives gives us an understanding of some of

the challenges and promises of the future of science education, without some

consideration of how teacher education shapes these perspectives, we will continue to

find that good teachers are developed more by “chance” rather than by “chart” or design,

as Hollingsworth and her colleagues (1993) note in their study of preservice elementary

teachers. Furthermore, placing these perspectives within the framework links the goals of

a relational model of teaching and learning to the extant and developing ideas that

prospective secondary teachers hold about themselves as teachers, their students, and

their subject matter. Figure 5 presents the conceptual model informed by the perspectives

and themes derived in this study.
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Teacher Student

Perspectives about science/
science education

Worldview/Curriculum

Experiences as science learners

       Perspectives about teachers              Perspectives about students
 Expectations            Ability

                Caring/Passion        Achievement

                                  Experiences as learners & prospective teachers
                                   within a particular type of schooling structure

Perspectives about science education
for diverse learners

Access& Participation

Experiences as prospective science teachers
PERSPECTIVE

KNOWLEDGEBELIEFS

EXPERIENCE

Science

FIGURE 5: Dialogic relational perspective model
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The dialogic emphasis in the model is both inspired by Hawkins’ emphasis on

communication between adult and child and derived from the prominence placed on the

role of dialogue in this inquiry. Much of what participants expressed about themselves

came in the form of complex and multilayered narratives that often overlapped and

contradicted their own views as well as the views of their peers. Dialogue is a powerful

medium through which learning can occur, and in that manner is essential to making

sense of our views as they undergo transformative and life-altering changes.

The final development of the conceptual model moves it from a way of thinking

about science teacher education in general to a stance that foregrounds the goals of

science and science teacher education in a multicultural and social reconstructionist

framework. A discussion of the necessity of this stance is presented and concluded by

presenting some implications and thoughts for further study

Equity pedagogy in science teacher education

“…it is easier to transform schools and the process of schooling when
[social, cultural, political, and economic issues] frame the
discourse….[these issues] often serve as barriers to educational equity,
barriers in the sense that dominant hegemony served to perpetuate
schooling inequalities.” (Kyle, 1997, pg. 769)

 Grant & Wieczorek (2000) introduce the concept of social mooring as an

analytical tool that considers “knowledge as multiple, shifting, yet moored to social,

historical, and cultural movements” (pg. 914). Therefore, if we consider that science as a

social institution can be viewed from a particular perspective as a classed, gendered,

racialized and linguistically framed endeavour (Barton, 1997; Barton & Osborne, 1998;
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Brickhouse, 1994; Harding, 1991; Harding, 1993), then it is imperative that science

teacher education address this issues in a forthright and explicit manner. Grant and

Wieczorek (2000) present that in education there is an emphasis on acquisition of subject

matter in a way that assumes there is a direct connection between knowledge acquisition

and opportunities for employment. The authors contend that there are problematic issues

and tensions that arise from this assumption as it ignores issues of race, class, gender, or

power relations within the broader contexts. The historical, social, economical, and

political discourses that circumscribe the institutional and structural aspects of schooling

often get little attention in teacher education. Teachers represent either implicitly or

explicitly what opportunities are available for students in science. These efforts are

especially critical, given the patterns of underachievement and underrepresentation of

women and students from low income or non-White, non-Asian ethnic backgrounds.

While teachers may not be fully aware of some of the historical issues surrounding

participation in science, students are inheritors of this unfortunate legacy. As the field of

science continues to be critiqued for its elitist and marginalizing practices, science

teacher education cannot continue to remain critically unconscious or ambivalent about

these issues and the educational opportunities that are diminished for particular groups of

students.

Therefore, an approach that is intended to  “socially moor” science teacher

education to broader contexts is presented in Figure 6. This approach is in keeping with a

multicultural and social reconstructionist vision of teacher education and redirects the
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discourse about the aims of science education within a science for all agenda. The

implications of taking this particular stance in response to the developing perspectives of

prospective teachers are presented next.
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science education
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Experiences as science learners
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ECONOMICAL
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FIGURE 6: Model for equity pedagogy in science teacher education
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Implications

Three implications are presented that support the need for future research.

ÿ Implication one

Prospective secondary science teachers hold entering ideas about teaching and

learning that are informed by their prior experiences as science learners. If these

perspectives remain unexamined and unchallenged throughout their teacher

preparation program, these individuals will likely exit the program holding on the

same, and perhaps reinforced, views with which they entered the program. With

regard to issues of equity and cultural diversity, their lack of information or

knowledge about these issues inform their extant perspectives and place them in

classroom situations where they struggle for meaningful understanding of the

students to whom they teach science.

ß For further study, I plan to examine how does a dialogic relational approach

facilitate the self-examination of extant perspectives held by prospective

science teachers with regard to issues of equity and diversity in science

ÿ Implication two

Field experiences in particular school environments are not guaranteed to

transform prospective teacher’s perceptions about students and learning. The

assumption that many of these prospective teachers come from academically

advantaged environments, thereby giving them an in-depth understanding of these
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schools is naïve. The “apprenticeship of observation” supports that prospective

teachers have a student perspective of their own schooling experiences that

inform their images of teaching and learning. These images are problematic when

prospective teachers use them to make sense of school environments with which

they are not familiar.

ß For further study, I plan to explore how are the perspectives of prospective

science teachers regarding issues of equity and diversity influenced when

given opportunities to examine schooling systems across a range of

demographic factors (e.g., socioeconomic status, ethnicity).

ÿ Implication three:

Prospective science teachers hold traditional views of science with regard to

access and participation. These views support a lack of critical questioning about

schooling and institutional practices that perpetuate a science for some as opposed

to a science for all orientation. Science teacher education does little to highlight

and challenge assumptions that prospective teachers might hold about their roles

in a science for all agenda.

ß For further study, I plan to identify the constraints on and opportunities for

developing future science teachers to work as change agents within a

multicultural and social reconstructionist science reform agenda.
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CONCLUDING REMARKS

Personal Reflections

In reflecting on the experience of conducting this study, I wish to acknowledge

my appreciation of the participants’ willingness to share part of their life history with me

and other prospective teachers. It is my personal assertion that these individuals engaged

in this process to learn something that they thought might be useful in their own teaching

practice. I make no claims about what kind of learning did or did not occur. However, I

do contend that providing a space to engage in the type of dialogue that occurred was

important for both the participants and me as “teachers-in-the-making”. Having an

opportunity to talk about the challenges of working effectively in schools situated in a

culturally complex society is an important aspect of a teacher’s development. The

knowledge and skills necessary to engage critically in this type of dialogue in a manner

that leads to teacher-led change should be a key goal of teacher education and

professional development.
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NOTES

1. My views are informed not only by my experiences in science/science education
but also by readings in the field that frame my ideas and understanding of an
inclusive science education. By invoking this knowledge in the conversations, I
run the risk of privileging my voice over those of the participants. The tentative,
biased, and contextualized nature of my assertions is acknowledged in the
analysis and interpretation of the data. For examples, see Ch. 4 (my comments
about Larry’s pure science and comments about respect).

2. Undergraduate majors are recruited from the College of Natural Sciences and can
enroll in the teacher preparation program as freshmen, sophomores, juniors,
senior, or post-baccalaureates.

3. While the setting for this assemblage was admittedly “arranged” for the purposes
of research, its occurrence justifies the assertion that sometimes “it’s good to talk”
(Johnson, 1997).

4. The email response from the fourth faculty person was incorrectly dated (year
1970) and therefore, as my email inbox stores messages chronologically, I did not
immediately notice the email response. I had already concluded the data
collection before I realized the mishap.

5. While my childhood socioeconomic status could be described as low or
impoverished, my academic history has afforded me a type of social mobility into
a “middle-class” position. However, it is my contention that my present values,
beliefs, and experiences reflect not an either/or orientation in terms of SES, but a
type of “border crossing” between the two classes.

6. The teacher preparation program from which participants were solicited is
structured to allow individuals interested in teaching to take two pre-professional
development sequence courses. These courses are intended to introduce the
individuals to the prospect of teaching before they commit to pursuing teacher
certification.

7. While Daniel stated that he was pursuing a degree in Mathematics, he considered
himself a “math-science guy” (see pg. 73).
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APPENDIX A: Example of study invitation

My name is Magnia George and I am a doctoral student in the Science Education
program here at UT. I am conducting my dissertation study on multicultural science
education (MCSE) and am looking for teacher education students who would like to
participate in discussion groups about this topic. Some ideas or questions that will be
introduced during the discussion are the advantages/disadvantages of MCSE vs
traditional science ed, whose culture is represented in science, & what does it mean to
teach MCSE? The discussions are open to science, mathematics, and computer science
students in UTeach and will be scheduled during the afternoon or early evening. Lunch
and/or dinner will be provided by me. If you are interested in participating in this study,
please email me at magnia@mail.utexas.edu or call 232-6206.
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APPENDIX B: Example of sign up sheet

Introductory lunch meetings in SZB 344
Please choose one that you can attend and write your name and email address
Days & Times: Name Email

Thur., October 24, 2002
12:30-1:30 pm

Fri., October 25, 2002
11:30 am - 12:30 pm

Mon., October 28, 2002
11:30 am - 12:30 pm

Thur., October 29, 2002
12:30-2 pm

Participation involves meeting for three discussion sessions to be held
in November.

 If you wish to attend "all Monday" discussions or "all Tuesday" discussions, please
mark an X in the gray box corresponding to the time slot of your choice.

Tentative dates: Times:
11:30-1 pm OR 5:30-7

pm
OR 7-8:30

pm
November 4, 11, 18
(All Mondays)

Hello
Hello

Hello
Hello

Hello
Hello

2-3:30 pm OR 3:30-5 pmNovember 5, 12, 19
(All Tuesdays)
12:30-2 pm E    llo

H  ello

Meetings will be held either
in

Painter Hall or the Sanchez
Bldg.

Exact location will be
announced

at the lunch meeting. Food
and drinks will be provided

at no cost to you.
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APPENDIX C: Equity section of rubric for video analysis of 3-Day Teach

Critical Analysis of Equity Issues (Individual)
Describe, analyze, and make recommendations about how you would address the equity
issues that arose during your 3-Day Model Teach by pointing out and reflecting on any
situation from the list below that may have occurred:
*Note: Omit those situations that did NOT occur
*Pointed out  and reflected on any evidence in video
clips of gender or racially inequitable talk in the
classroom
*Pointed out in video clips and reflected on any
PARTICULAR MEMBER of the collaborative groups
that monopolized the use of the technology (if used)
and ANY students in the group that challenged this
domination of the technology
*Pointed out in video clips and reflected on whether or
not ALL students offered to take the lead in group
work or when the teacher asked for volunteers to
demonstrate something
*Pointed out in video clips and reflected on whether or
not ALL students volunteered answers to questions
asked in open class discussion
*Pointed out in video clips and reflected on the design
of instruction and whether or not it ensured that ALL
students had the ability to hear and understand
directions
*Pointed out in video clips and reflected on whether or
not ALL students clearly understood the teacher’s
expectations for their participation and had an
equitable chance to meet these expectations
*Pointed out in video clips and/or student artifacts and
reflected on whether or not ALL students, regardless
of learning style and previous experience, had
appropriate opportunity to demonstrate their mastery
of the concepts taught
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