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ABSTRACT

SCIENTISTS ARE FROM MARS, EDUCATORS ARE FROM VENUS:
RELATIONSHIPS IN THE ECOSYSTEM OF SCIENCE TEACHER PREPARATION

By

Don Duggan-Haas

Great problems exist in science teaching from kindergarten through the college
level (NRC, 1996; NSF, 1996). The problem may be attributed to the failure of teachers
to integrate their own understanding of science content with appropriate pedagogy
(Shulman, 1986, 1987). All teachers were trained by college faculty and therefore some
of the blame for these problems rests on those faculty.

This dissertation presents three models for describing secondary science teacher
preparation. Two Programs, Two Cultures adapts C.P. Snow's classic work (1959) to
describe the work of a science teacher candidate as that of an individual who navigates
between two discrete programs: one in college science and the second in teacher
education. The second model, Scientists Are from Mars, Educators Are from Venus
adapts the popular work of John Gray to describe the system of science teacher education
as hobbled by the dysfunctional relationships among the major players and describes the
teacher as progeny from this relationship. The third model, The Ecosystem of Science
Teacher Preparation reveals some of the deeper complexities of science teacher education

and posits that the traditional college science approach treats students as a monoculture

When great diversity in fact exists.
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The three models are described in the context of a large Midwestern university's

teacher education program as that program is construed for future biology teachers. Four
undergraduate courses typically taken by future biology teachers were observed and
described: an introductory biology course; an introductory teacher education course; an
upper division course in biochemistry and a senior level science teaching methods course.
Seven second semester seniors who were biological Science majors were interviewed.
All seven students had taken all of the courses observed. An organization of scientists
and educators working together to improve science teaching from kindergarten through
graduate school is also described in a case study.

The three models described in the dissertation build upon one another and the
third model, that of the ecosystem is recognized as both the most accurate portrayal and
most complex and therefore most difficult to apply. The system of science teacher
preparation is in many ways a system under stress and that stress will result in system
evolution. Through better understanding Complex Adaptive Systems and applying that

understanding to the system of science teacher education, individuals may be able to

influence the nature of system evolution.
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INTRODUCTION

Scientists are From Mars, Educators are From Venus:
Relationships in the Ecology of Science Teacher Preparation

This dissertation sets out to tell a story of connectedness and disconnectedness.
College science and teacher education are separated by a wide gulf, but at the same time
that they are distantly separated they are closely connected. The connection is the future
science teachers they both work to prepare.

Great problems exist in science education spanning at least from kindergarten
through college (NRC, 1996; NSF, 1996; Schmidt, 1997). This study looks at the system
that prepares science teachers for the secondary level. One way to frame the problems of
science teaching at the 7-12 level is to begin by noting that future science teachers go
through formal instruction in science content and in how to teach. The problem, stated
baldly, is that the typical teacher fails to successfully integrate science content and
pedagogical knowledge (Shulman, 1986, 1987). The causes underlying that problem are
immensely complex but are rooted in the disconnect between the science content and
pedagogy portions of science teacher preparation.

The catalyst for this dissertation was a series of interviews completed for the
Salish I Research Project' asking new secondary science teachers to reflect on their
teacher preparation programs. More specifically, the interview asked these teachers a

series of questions about their college science courses and a parallel set of questions

!'The Salish Project was a three year study involving nine universities and their recent graduates in science
education. Salish sought to identify linkages among teacher education programs, the way in which new
teachers taught and the outcomes of their students. It is described briefly in Chapter 1 and the executive

summary is available online at: <http://ed-web3.educ.msu.edu/cvsme/salish.htm>.
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about their coursework within colleges or departments of education. The trend of
responses in all nine Salish institutions was striking — in analyzing responses to questions
about teacher education courses, I found that if I imagined what the opposite response
might be, this is what was said about their science courses. This pattern is laid out more
completely in Chapter 1. Initially, I had planned to frame this dissertation adapting C. P.
Snow’s Two Cultures and the Scientific Revolution as a framework, and indeed, I begin
with such a framework.

Snow’s description of the growing rift between the cultures of science and the
humanities can be seen to correspond to the rift between science and teacher education on
large university campuses. I found that Snow’s framework helps to portray the sharp
dichotomy that is science teacher preparation, but it is not a terribly rich way to
investigate the relationship between the Two Cultures (college science and teacher
education) and that relationship is the most interesting piece. The more I delved into
science teacher preparation, the more I realized that Snow’s framework was too simple to
explain what I was seeing.’

A barroom conversation (a gossip session is perhaps a more telling label) about
some friends whose marriage was ending led me to another framework. There were
many reasons that these friends separated, but two struck me as particularly salient for
my dissertation. First is a communication failure; the partners in the marriage were
failing to communicate how they felt about what was happening in their relationship and
the husband was largely clueless that the wife was moving closer and closer to divorce

until she had effectively made up her mind. Second, the most simplistic view is that he
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was too much like his father and she was too much like her mother for the relationship to
stand the test of time.

Both of these characteristics of a failed marriage are mirrored in the
characteristics of science teacher preparation programs. There are two primary
components to most such programs — content training housed in colleges and departments
of science and pedagogical training housed in colleges and departments of education.
The norm is poor communication between these departments, particularly in larger
institutions. Science teachers, like most folks, have the desire to affiliate with a culture
and with cultural norms. It seems teachers affiliate with content-centered teaching or
with student-centered teaching as are the norms in their schools.

By content-centered, I mean that the focus of the classroom work is on the
content, and students’ needs are often ignored. By student-centered I mean something
different from the way this is often described. Student-centered is often used
interchangeably with terms like constructivist. Student-centered can mean hands-on, but
without deep connection to content, or, in the extreme, it can mean kid-friendly with no
real connection to content.” Few teachers affiliate with understanding-centered teaching,
which places the understanding of material at the center of one’s teaching (Anderson,

1996). Making the leap to the marriage metaphor, science teachers end up like the

I also came to agree with Snow’s critics who say his description of science and the humanities is also too
simple. See D. Graham Burnett’s overview of criticism of Snow’s Two Cultures, for one example.
(Burnett, 1999)

* An example I have witnessed in my work with teacher candidates and their supervising teachers: a middle
school teacher working with teacher candidates shut off the lights so that students in her social studies class
could watch the impressive thunderstorm outside the classroom window. She provided incorrect
information about the nature of thunderstorms as students watched.







scientists who taught their college science classes or like the educators who taught
their education courses - too much like Dad or too much like Mom and not some
synergistic spot in the middle.

The divorce of pedagogy and content are central to this study. The unification of
pedagogy and content through pedagogical content knowledge (PCK) is fundamental to
good teaching (Shulman, 1986, 1987). This dissertation resonates with Shulman’s belief
that “TE [Teacher Education] programs would no longer be able to confine their activity
to the content free domain of pedagogy and supervision” (1987, p. 20).

The identification of the marriage metaphor led me to read Men Are from Mars,
Women Are from Venus: A Practical Guide for Improving Communication and Getting
What You Want in Your Relationships by John Gray. I found his descriptions of the
relationships between husbands and wives strikingly similar to what I saw happening
between scientists and educators. Gray provides a framework that is useful for thinking
about the relationships between scientists and educators and some thoughts on how to

improve those relationships.

How is the relationship of scientists and educators like a dysfunctional

marriage?

There are progeny involved — the science teachers who go through the divided or
divorced program. The marriage is an arranged marriage of sorts. Neither the educators
nor the scientists would necessarily choose the other as the ideal mate, but the evolving
system of education first forced them together as normal schools grew into colleges and
universities and as universities broadened their missions. As normal schools transformed

into universities, science departments moved away from schools of education. As
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universities grew, they assumed roles of teacher preparation. As the size of these
institutions grew, specialized professional communities also grew, and teacher education
grew further and further away from scientists teaching “content™ courses.

Communication problems are central to both the relationship of scientists and
educators and often in a failing or dysfunctional marriage. The placing of blame outside
the individual is also common in both situations. This is sometimes justified, but
generally unproductive if it is an end in itself.

Even when there is talk between scientists and educators, it is often
misunderstood - see the writings of Hugh Gauche and Stephen Arch - scientists who
have written critically about science education without understanding it (in my opinion).
Arch says, “It just may be that counterrevolutionary, old-time lecture hall education is
still with us after all these centuries because — although everyone agrees it is a terrible
way for students to learn — it's still the best thing anyone has yet invented." (Arch, 1998)
We too often talk past each other, or unjustly demean the work of the other. I believe
Arch does that in the quote above — he demeans educational research by making the
claim that lecture is the “best thing anyone has yet invented” for teaching college science.
I have spoken unfairly of scientists who teach poorly by neglecting to take into account
the constraints they face such as little or no pedagogical training and often having to
teach classes of hundreds. Even though I have thought about it long and hard and
understand better than most, I do not come particularly close to understanding the role of

the scientists who share with me the responsibility of preparing new science teachers.

‘I place content in quotation marks to highlight that such labels used to describe science classes wrongly
imply that teacher education courses do not teach content.
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Feminist researchers also have much to say about scientists and educators. See
for example, Sheila Tobias’s and Angela Calabrese Barton’s work (Barton, 1998; Tobias,
1990). Science is a traditionally male bastion. Education was one of the very first

professions to welcome women.

The Ecology of Science Teacher Education

The dysfunctional relationship model is, like the Two Cultures model,
incomplete. Both models fail to account for the larger context. The place of the schools
and required fieldwork in those schools does not fit easily in either representation.
Important issues like family and community are neglected. These issues do not fit into
either model in any simple way, yet they play a fundamental role in the shaping of future
teachers. The Salish I study showed that there was more variation in outcomes within
each science teacher education program than there was among the nine institutions
(Salish, 1997). This implies that we must go beyond, far beyond, science teacher
education programs to understand the development of new teachers. Neither the Two
Cultures model nor the Dysfunctional Relationship model can take that step well.

Both of these models are vast oversimplifications. This does not mean they are
without utility. Karl Popper said, "Science may be described as the art of systematic
over-simplification" (Andrews, 1993). Over-simplification of complex systems is often
essential to making progress toward understanding those systems, but it also essential to
remember that these are over-simplifications.

The third model I employ, that of the Ecosystem of Science Teacher Education, is
the most complex and most accurate depiction of the system of science teacher education.

This more accurate model is, naturally, substantially more complex. It is, therefore, the
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most difficult to understand and least developed of the models. Cronbach (1988)
reviewed James Gleick’s Chaos (1987) in Educational Researcher, with an audience of
educational researchers and other social scientists in mind. In that review, Cronbach
notes that the ideas expressed in Chaos have important implications for educational
research, but he predicts that use of these models will be necessarily metaphorical
descriptions and not use the complex mathematical modeling involved in chaotic
mathematics. I will not prove Cronbach wrong with this dissertation’.

The genesis for this model is also more complex — at least four books helped form
this thinking. In the order they came to my attention, they are ©® Murray Gell-Mann’s
The Quark and the Jaguar (1994), (which introduced me to the idea of Complex
Adaptive Systems). @ Robert Jervis's System Effects (1997) which more directly applied
CASs to social systems. @ Claudia Pahl-Wostl’s The Dynamic Nature of Ecosystems
(1995) gave me a deeper understanding of ecology. And @ James C. Scott’s Seeing Like
a State: How Certain Schemes to Improve the Human Condition Have Failed (1998)
which gave me insights to metaphoric use of ecological modeling. These books helped
me better define a long held personal belief that my role as a science educator must be
that of a generalist, in many ways more akin to a naturalist or ecologist than to a bench
scientist. My goals as a science educator map onto the relational goals of the ecologist as
described by Pahl-Wostl (p. 47). This is described in Chapter 7.

In most ecosystems, there are niches for both generalists and specialists. This is
true in the ecosystem of science education as well. Over the past several decades in

education and in the past several centuries in science, there has been movement to

* The term “ecological models” often refers to complicated computer models involving higher mathematics.
These models mimic specific ecosystems. The model I use is purely metaphoric.
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increased specialization. This change has both costs and benefits. The most obvious
benefit for science teacher preparation is the increasing understanding of individual
aspects of science and education. The cost is the loss of ability to see significant
connections and relationships between the two fields. One important example is
described by Shulman in his conception of pedagogical content knowledge (Shulman,
1986, 1987) as mentioned earlier. In many ways to be described in this dissertation, we
have lost sight of the big picture of science teacher preparation as we have moved into
our own unique but worthwhile specialties.

In any complex system, properties emerge which cannot be predicted solely from
the study of less complex levels within the system. While it is useful to study college
science teaching and teacher education in and of themselves, this kind of study can never
reveal the actual workings of the total system. The emergent properties of the
combination of the parallel systems of science education and teacher education do not

fulfill the goals of either program component, of either science or education.

Cutting three ways

When Leonardo DaVinci dissected cadavers, he found it necessary to dissect
repeatedly, at least three times as organs are complex and cutting in certain directions
only allowed him to understand certain aspects of an organ. It was necessary to cut each
organ at least three ways. Each cut tells something different about what is dissected -
likewise, it is necessary to view this complex adaptive system from multiple perspectives,

using at least three different conceptual frameworks.
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The three models employed here are also akin to the different models of the atom
used by chemists and physicists. Lewis dot structures are useful simplifications for
understanding certain aspects of chemical reactions. They fail to reveal much of the true
nature of chemical interactions, however. The Two Cultures framework is my Lewis dot
structure - a vast, but still useful, simplification.

Atomic and molecular models that include electron orbitals are more complicated
and difficult to understand than Lewis dot structures, but they paint a more realistic
picture of how atoms interact. The relationship model derived from Gray’s work
parallels this next level. Models applying quantum-chemical understanding are more
accurate and allow for predicting how more complex molecules interact. This work led
to the 1998 Nobel Prize in Chemistry for John Pople and Walter Kohn. The Nobel Prize,
of course, indicates that the complexity of such models is well beyond the realm of
understanding of most individuals®. The same is true of the system of science teacher
Preparation. The first two models seek to decomplexify science teacher education in
useful ways. The third model, the complex adaptive system, digs deeper and
recomplexifies.

This dissertation will look into the practice of secondary science teacher
Preparation using three frameworks: Two Cultures (defined by Snow), the marriage
relationship (defined by Gray and others) and the complex adaptive system (described by
Gell Mann, Jervis, Pahl-Wostl, Scott and others). The frameworks for investigating the

Telationship are grounded in a philosophical framework of social constructivism.

® While

ph it could be argued that the brilliance of a Nobel laureate is in the ability to make complex

€Nomeon understandable, it is rarely made truly understandable to the layperson.
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This dissertation makes the argument that deficits exist in teacher preparation
because the interconnections of pedagogy and content necessary to develop strong and
applicable pedagogical content knowledge are severed by the gulf between the culture of
college science and teacher education, the dysfunctional relationship between those two

cultures, and the dynamics of the larger system of science teacher preparation.

Research Questions:

To paint the picture of science teacher candidates’ struggles with cultural
dissonance the following questions are addressed.
1. What are the natures of college science and teacher education classroom
cultures?
2. How do these two cultures compare and contrast with each other?
3. Is the difference between the classroom cultures of college science and
teacher education a problem? If so, why and according to whom?
a. Can these differences act as strengths? According to whom?
b. How might problems of the dichotomy be minimized while

benefits are maximized?

The Structure of the dissertation

Before giving an overall outline of the dissertation, I will note one apparent (but

Not actual) omission. In scanning the Table of Contents and the dissertation as a whole, it
May appear there is no review of the literature. I chose not to make a literature review a
Stand-jjone chapter because my use of the literature branched in multiple directions as I

Worked on the various problems associated with my research questions. The literature

10
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referenced in this dissertation is wide-ranging, some might say too wide-ranging. Before,
during and after data collection, I read broadly. This ties to my conclusion that my role

as a teacher educator is that of a generalist. There is a cost. By drawing from a variety of
types of literature, it was not possible to go to the same depth I could have had I instead
focused on a more obvious review of college science teaching, teacher education,

teaching for understanding and pedagogical content knowledge. Benefits outweigh costs,
however. I believe this dissertation portrays the system of science teacher education

more holistically than most and offers insights into that system not possible in more
narrowly focused research.

This broad focus ties not only to the literature referenced but also to the
dissertation as a whole. Any of the three conceptual models described here could have
stood alone as the conceptual framework for a dissertation. Any one of the data sources
could have been the focus of a dissertation. Indeed, I began with a proposal using the
first framework as the conceptual framework of the dissertation. As I collected my data
and began to write about it (while still collecting more data) I found the Two Cultures
framework interesting but lacking.

The relationship between the two cultures seized my attention, and I began to
Consider its importance. This led me to the second framework, which I eventually came
to see in a similar light as the first: interesting, but lacking. Part of what led me to the
third framework was my growing interest in, and reading about, environmental education,

€nvironmental issues, and systems thinking. I came to see more value in connecting
these three models than writing a dissertation on a single one of them. I believe I have

de"eIOped three conceptual models that are each useful in and of themselves but more

11



useful when viewed collectively. I also believe the data collected analyzed along with
the literature cited gives ample support to each model and lends credence to the
conclusions derived from those models.

This dissertation is backgrounded by the idea that good teaching is rooted in the
ideas of social constructivism. That is not to say that those who teach need to know the
terminology used by educators to describe social constructivism, but that they must have
at least an implicit understanding of learning as an interactive process and provide
structures that facilitate the necessary kinds of interactions for students to learn the target
material. In addition, to teach science effectively using a social constructivist model,
deep understanding of science concepts is essential.

This kind of teaching has been described in several reform documents. The most
relevant of those documents to this dissertation is NSF’s Shaping the Future: New
Expectations for Undergraduate Education in Science, Mathematics, Engineering, and
Technology (NSF, 1996). Lesser known, but also very relevant is OERI’s Issues of
Curriculum Reform in Science, Mathematics, and Higher Order Thinking Across the
Disciplines (OERI, 1994). This includes a synthesis of literature on constructivism and
defines constructivism as including the following:

1) Learning is dependent upon the prior conceptions that the learner brings to the
experience.
2) The learner must construct his or her own meaning.

3) Leamning is contextual.

4) Learning is dependent upon the shared understandings that learners negotiate
with others.

5) Constructivist teaching involves understanding students’ existing cognitive
Structures and providing appropriate learning activities to assist them.
Teaching can utilize one or more of several key strategies to facilitate
Conceptual change depending upon the congruence of the concepts with
Student understanding and conceptualization.

12
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7) The key elements of conceptual change can be addressed by specific teaching
methods. *...To elicit and highlight the existence and nature of competing
points of view” ((Pines & West, 1986), p. 595) cited p. 27.

8) Constructivism leads to new conceptions of what constitutes excellence in
teaching and learning and in the roles of both teachers and students. Teacher
changes from disseminator to facilitator (p. 28) “Students The role change
from ‘student-knowledge acceptor’ in a transmission model of learning to that
of ‘student-knowledge constructor in the constructivist model of learning that
requires students take an active role” (p. 31).

9) In constructivist teaching and learning, more emphasis is placed on learning-
how-to-learn than on an accumulation of facts, creating a philosophy of
content in which “LESS IS MORE.” This understanding of (or bias toward)

teaching and learning is the foundation upon which this dissertation is built.
Adapted from (OERI, 1994)

A related framework that informs this dissertation is an understanding of The
Learning Cycle. This has been described in various ways, but I find the language used by
Charles Anderson to be the most concise and comprehensible. His description is
grounded in the work of Collins, Brown and Newman (Collins, Brown, & Newman,

1989) and defines the Learning Cycle as including the following steps: ® Establishing
the problem; @ Modeling, how one works through the problem; ® Coaching the learner;
® Fading as the teacher removes him or herself from coaching; and ® Reinforcement
(Anderson, 1999).

Throughout the dissertation, I make references to my own changes in thinking and
how one idea may have supplanted another. Changes in conceptual understanding occur
as existing conceptions are drawn into question. The explicit sharing of my own
Conceptual change is intended not only to reveal my thinking process to the reader, but

also to aid the reader in making their own conceptual change.

The first chapter lays out some of the initial understandings I had of the Two

Cultures of science teacher education before I began this study. It is intended to establish

the Praoblem of the dissertation. I presented an earlier version of this chapter at the
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American Educational Research Association meeting in 1998 (Duggan-Haas, 1998). It is
derived primarily from interview data from the Salish Project. It lays out some findings
from the Salish Project, and describes that project briefly. Again, my work as a graduate
assistant for that project was the genesis for this dissertation.

The second chapter describes the methodology used for the new data collection
for this dissertation. It tells of how and why I went about collecting the data I collected.
It answers questions about what classes I chose to focus on, who I chose to interview and
not interview, and the descriptions of what it was that I did to collect and analyze data for
this work.

The third chapter describes what I saw in my classroom observations. The fourth
chapter describes what the college seniors who were about to become science teachers
had to say about their teacher education program. Chapters three and four include both
science and teacher education classes.

Chapter 5 looks at an approach that promises to reduce some of the problems
rooted in the problematic relationship of college science and teacher education. Itis a
Case study that begins to look at the actual relationships among scientists, mathematicians
and science and math educators. Up to this point in the dissertation, the relationships are
either suppositions or the relationships as seen by the st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>