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ABSTRACT

A CALL FOR SELF-REFLECTION AS PROFESSORS ENGAGE
THE ISSUES OF SCIENCE EDUCATION REFORM:

AN ETHNOGRAPHIC STUDY

BY

MIGUEL M. LICONA. B.A,, M.S.

Doctor of Philosophy, Curriculum and Instruction

New Mexico State University
Las Cruces, New Mexico, 1999

Dr. Hermdn S. Garcia, Chair

Science becomes distorted and undemocratic when it is categorized into
disciplines that, in turn, perpetuate borders creating conditions of inequality for the
general population. Science education reform represents a starting point from which
to approach notions of exclusion and inaccessibility. Students not intending to major
in science often encounter environments as well as professors that serve to limit their
potential and thereby exclude them from greater exposure and participation in the
sciences. This qualitative study considers professional practices of professors who
hold key positions for the success of science teaching and learning. Through

classroom observation, in-depth interviewing and a survey questionnaire, this study
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sheds light on the process of science education reform. Participants included six
university professors who taught a reformed science course developed under the
guidance of a National Science Foundation initiative known as the Collaborative for
Excellence in Teacher Preparation. The purpose of this study is to understand the
nature of faculty beliefs concerning teaching and learning science for students not
intending to major in science, most of whom are elementary education majors. In this
study, professors' espoused belief systems were elicited while their mental models
that drive behavior were observed in the classroom setting. Incongruencies between
theories in practice and theories in use were uncovered and explored. Major
implications for who can and cannot learn science within the context of a system that
currently serves to pre-select who will succeed are uncovered as a result of this study.
The constant comparative method developed by Glaser and Strauss was used to
analyze the words of each individual participant as she/he worked to consider the
incongruencies in her/his theory and practice (as cited in Bogdan & Biklin, 1992;
Lincoln & Guba, 1985; Maykut & Morehouse, 1994). Self-reflection is identified as
key in the process of praxis that will aid professors in their efforts to close the gap

between theory and practice.
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CHAPTER 1

INTRODUCTION: REFLECTIONS ON SCIENCE EDUCATION REFORM
Background

There are many nationally recognized undergraduate science education reform
initiatives currently under way (National Science Foundation [NSF], 1996a, 1996b,
1996¢, 1996d, 1996e). The Directorate for Education and Human Resources in the
Division of Undergraduate Education oversees most of these. This study investigated
an NSF Collaborative for Excellence in Teacher Preparation (CETP). The Education
Reform Initiatives Report prepared by the Education Development Center (1995) for
the National Science Foundation Statewide Systemic Initiatives describes twenty
programs that are in some respect attempting to pinpoint and address problems in
curriculum and instruction in Science, Math, Engineering, and Technology (SMET).
Each initiative provides a forum of support in order to develop and implement ways
to strengthen and improve the educational context so that student participation and
learning increases. Reform proposals have emerged to try to address the causes of
science illiteracy in student populations as well as in elementary teachers. As
information dealing with these issues is gathered, professors can enhance their view
of the larger picture. This research deals with a vital area that requires attention if
university science professors interested in reform are to move towards a
transformation of curriculum and instruction in science. This study highlights a
reform initiative from the perspective of the professors that teach the required general

science for undergraduate education majors.



Bethel (1984) and Seymour and Hewitt (1997) suggest that many of the
shortcomings in science preparation for elementary teachers can be attributed to the
experience of pre-service students in their college and university science courses.
Many students also have negative and disconnected K- 12 experiences. Where do we
as reform-oriented university science professors attempt to “fix” these problems?
These initiatives advocate intervention and change at various levels of science
instruction. While I agree that every level requires attention, I propose that one of the
most significant areas in which to address reform is at the university where science
professors have a high impact on the students studying to become teachers. These
university students will ultimately teach our children in the elementary and secondary
schools. For this reason, I chose to explore and try to make meaning out of the post-
secondary science experience of pre-service elementary teachers from the perspective
of the professors who develop and implement the teaching of science courses.

Beaton, Martin, Mullis, Gonzalez, Smith, and Kelly (1996) and Harmon,
Smith, Martin, Kelly, Beaton, Mullis, Gonzalez, and Orpwood (1997) report
disappointing progress of American students in science within the international
student community. An emerging body of research on undergraduate science
education shows that even students who are apparently successful in collegiate
science courses have disturbing gaps and misconceptions in their understanding of
those subjects (NSF, 1996d). These shortcomings have led to many conferences and
policy advisory reports that outline the direction for reform (American Association
for Advancement of Science [AAAS], 1990, 1993; National Research Council

[NRC], 1996a, 1996b; NSF, 1996d). Many initiatives have emerged to explore new
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approaches to traditional science courses. A large number of these courses have an
interdisciplinary configuration. The 1990s has been designated the “Decade of the
Brain” and the development of “reformed” courses can be greatly informed by
research on human learning and the brain (Caine & Caine, 1994, 1997a, 1997b;
Diamond & Hopson, 1998; Jensen, 1998; Pert & Chopra, 1997; Sylwester, 1995).

Students enrolled in elementary teacher preparation courses at the university
level are mirroring the deficiencies delineated above. They are coming to science
methods courses with a serious lack of conceptual understanding of science and
corresponding fears. One of the major criticisms of science education is that
elementary teachers lack content preparation (Bethel, 1984; Heikkinen, 1988).
According to Keating and Thara (1998), this is due in part to inadequate and
sometimes inappropriate science instruction. Anderson and Mitchener (1994) agree
and suggest widening the breadth of subject exposure by requiring course work in all
the major disciplines. The Collaborative for Excellence in Teacher Preparation
course is doing this by teaching and attempting to integrate the disciplines within the
course context.

Many elementary teachers report that science courses taught in college often
over-utilize the lecture/text format which results in student memorization of facts and
regurgitating them on tests (Mayer, 1996; Barba, 1994). This view was born out in
my qualitative study. An over reliance on the lecture/text format exemplifies what
Caine and Caine (1997a, 1997b) have termed Perceptual Orientation 1 (PO1).
Instructional Approach 1 (IA1) evolves from this perceptual orientation. Keating and

Thara (1998) indicate that most science methods courses teach strategies and science

3



content applications with the assumption that students have already acquired
competency in science content prior to the courses. The lack of cohesiveness
between education and science courses may play an important role in perpetuating
low self-confidence, weak concept development, and a general lack of enthusiasm for
teaching science by future elementary teachers. Others studies report on the
disjuncture between teacher education programs and the sciences (see Gilbert, 1993).
Many pre-service elementary science methods instructors express this as a major
problem and support a greater level of coordination between scientists, science
teacher educators, classroom teachers, and education faculty during the undergraduate
education of prospective elementary teachers (Johnson, Tamppati & Tanner, 1994).
This is the articulated intent of the CETP initiative at this university.

The NSF initiated a program in 1993 to support CETP with the intent of
significantly changing teacher preparation programs (1996e). These programs aim to
help prospective teachers develop a more profound understanding of the fundamental
concepts, principles, and reasoning processes at the heart of science and mathematics.
The programs also aim to create learning environments in which students can actively
investigate problems that help them construct personal understanding of key
concepts.

Purpose

The purpose of this study is to consider science education reform from the
perspective of those professors who had developed and were attempting to implement
a reformed science course. Ihave attempted to gain insight and a deeper

understanding of the interplay of their individual and collective belief systems with
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theory and practice. The gap that exists between theory and practice must be
addressed. By becoming aware of their actions and recognizing how these are or are
not congruent with their explanations, practitioners may begin to create the possibility
for genuine transformation (Caine & Caine, 1997a, 1997b).

The term “change” is used extensively in the literature. I feel thatitisa
process, not an either/or phenomenon, and I will therefore use the term
“transformation” when addressing the process that professors are going through in
their efforts towards becoming critical science educators that will serve the needs of
all students (Freire, 1993; Giroux, 1988; McLaren, 1994). The transformation
process can be considered as a continuum of change. Inherent within this process is
an acknowledgment that there is no one location at which to arrive. Instead,
transformation can be understood as a journey of reflection and de’reconstruction.
Transformation is at the heart of educational reform. I believe reform is not possible
to achieve without the transformation of university professors’ mental models that
represent the deep-seated beliefs that affect their behavior (Caine & Caine, 1997a;
Crowell, Caine & Caine, 1998). These beliefs and perceptions have been forming
through a lifetime of experiences and my intention is not to look for professors to
“change their minds,” but for them to become critically aware and mindful in order to
enhance the transformational process (see Brooks & Brooks, 1993; Hart, 1998).
Rationale for This Study

This narrative interpretation revolves around a reformed general science
course intended for pre-service elementary education teachers. It is my intent to shed

light on the professional practices of the participating professors who potentially hold
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key positions for the success of science teaching and learning. Readers should be
able to take this experience into account when imitating reform movements. This
study should also provide readers with a greater understanding of reform efforts in
general. It will be presented from the perspective of six science and engineering
professors who developed and taught a uniquely integrated and theme-based course.

Studies presented by the Educational Development Center (1995) have
provided information on programs, theories, pedagogies, curriculums, and student
perspectives of the schooling process. Some recent initiatives are beginning to
uncover the perspectives of key players; the university professors (see Fedock,
Zambo & Cobern, 1996; Gardner, 1998; Hinton, 1997; Jennings, 1997; Mattson,
1997; Pape & Tittle, 1998, Thoresen, 1994, 1998). The context within which reform
efforts play themselves out should be coupled with the results of research conducted
over the last decade on the human brain and learning. This will allow for a broader
understanding of science education reform.

Both constraints and possibilities must be explored, uncovered, and shared.
My intention is to allow the readers to interpret an understanding so that existing
“answers” can be questioned and further research can ultimately improve teaching
and learning for all students, particularly in science.

My focus wili be on description and documentation rather than on judgment
or success and failure. The purpose is to contribute to an ongoing effort through
continuous reporting of observations and experience, to illustrate the issue within case

analysis (Merriam, 1988). Participants as well as others interested and committed to



reform can enhance their construction of meaning through lessons learned from this
experience (Lincoln & Guba, 1985).

The needs of the institutes of higher learning do not seem to have been taken
into account and consequently change has been less than effective. Thomas Kuhn
(1996) presents how paradigms have changed due to change in contextual settings.
Paradoxically, science educators at the university level seem to be embracing a new
paradigm while not letting go of the old. “To be accepted as a paradigm, a theory
must seem better than its competitors ...” (p. 17). “The decision to reject one
paradigm is always simultaneously the decision to accept another ...” (p. 79).
Science education is currently filled with anomalies. Traditional pedagogy can no
longer be used with a non-traditional student population (see Hurd, 1997). Too much
has changed. We are in the midst of a scientific revolution. *“Scientific revolutions
are taken here to be those non-cumulative developmental episodes in which an older
paradigm is replaced in whole or in part by an incompatible new one” (Kuhn, 1996, p.
92). There is a parallelism here between scientific and political revolutions. There is
a sense of malfunction in science education today. Kuhn delineates that this sense,
whether in scientific or political development, can lead to crisis, which is a precursor
to revolution. *“Political revolutions aim to change political institutions in ways that
these institutions themselves prohibit” (p. 93). What I am trying to establish here is
there is this sense of urgency where a paradigm shift is occurring in science due to
social changes in our country as well as globally. The malfunction has transformed to
crisis levels now that our world and all of its diversity has been exposed to us by a

technological revolution.



Society and education have evolved unequally. Society has moved from an
agriculwral to an industrial base and recently to one based on information (Caine &
Caine, 1997a, 1997b; Hurd, 1997). The educational system has moved, but lagged
behind the changes in society. The artifacts in our schooling system from the
apprenticeships of the agricultural era and from the factory model of the industrial
revolution can still be seen. Educators are having a difficult time with information
and meaning-making as a way to deal with schools and students. Biology has
advanced our knowledge and understanding of how we learn (Caine & Caine, 1994;
Diamond & Hopson, 1998; Jensen, 1998; Sylwester, 1995). The focus on how the
brain works is dissociated from learning. Educators seem to shy away from
information that is steeped in the biological sciences rather than education. Caine and
Caine (1997b) feel that the following questions represent a gateway to significant
learning:

Human learning involves questions such as; Do I want to learn this? Have I

ever wondered about that? Is this related to what I already know? How does

this make sense? What do I get when I learn this? Do the people I love and

respect do this? (p. 7)
By acknowledging student purpose, educators can teach to expand dynamical
knowledge rather than requiring students to memorize facts.
Research Questions

These questions surfaced during a review of recent studies done by Caine and

Caine and others in the 1990s, which was a prolific decade on research dealing with

the brain and learning. They also emerged from over twenty years of teaching



experience as well as my recent participation with the NMCTEDP initiative that gave
rise to this reformed course.

(a) What is the nature of faculty beliefs concerning science and the
interdisciplinary learning and teaching of science to students not intending
to major in science?

(b) What are the contextual limitations that constrain implementation and
success of this reform initiative?

(c) How do professors perceive their participation in science education
reform?

(d) Is there congruence between professors’ espoused theories and their
mental models regarding teaching, leaming, and students?

(e) How do these professors from astronomy, biology, engineering, and
chemistry perceive their practice?

History of Science Education Reform

Science reform might be rooted to the early part of this century with the
Progressive Movement. Critics in the 1940s caused reform efforts to lose steam by
attacking them as “watered-down content” and focusing *“on children’s psychological
adjustment at the expense of learning” (Elmore, 1996, p. 8).

Following Sputnik in 1957, new instructional materials for the high school
were developed. The NSF supported development of PSSC Physics (developed by
MIT professors and no teachers), BSCS Biology (co-developed with teachers),
CHEM Study, and Man, A Course of Study (MACOS), (Sneider, Barber, &

Bergman, 1997). These projects were followed by the development of elementary
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programs like Science A Process Approach (SAPA), the Science Curriculum
Improvement Study (SCIS), and Elementary Science Study (ESS). The Intermediate
Science Curriculum Study (ISCS) and Introductory Physical Science (IPS) were
developed for the intermediate level (Sneider et al., 1997). The science education
vision at this time was similar to that of early reformers. Today’s vision has not
changed much.

NSF funding was dramatically cut in the 1970s. This diminished the
opportunities to train teachers in new methods and most schools adjusted by returning
to text-based instruction along with memorization of terms, recipe-type labs, and
multiple-choice tests (Elmore, 1996; NRC, 1996). Elmore refers to the lack of
incentives to change as a major reason that these past efforts of science education
reform never “caught on” to a majority of schools. He further states that good
instructional materials and teacher training is insufficient to maintain reform.
Sustained support and incentives need to be provided by universities, professional
organizations, administrators, community members, and credentialing boards.
Reform Efforts of the 1990s

In the decade of the 1990s, a widespread agreement emerged among educators
that effective science education should be inquiry-based, experiential, and
constructivist in nature (Gardner, 1998; Mattson, 1997; NRC, 1996a, 1996b; NSF,
1996d; Pearsall, 1992; Sneider et al., 1997; Thoreson, 1994; Tobias, 1992a, 1992b).
Three initial reform documents ensued and produced a common vision: Project 2061;
The Scope, Sequence, and Coordination Project (SS&C); and The National Science

Education Standards (NSSE).
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Project 7061 produced Science for All Americans and Benchmarks for
Science Literacy”. The former provided an operating definition of scientific literacy
while the latter Arovided a comprehensive listing of what every student should know
and be able to dQ by the end of the 3, 5™, 8™, and 12" grade levels. The SS&C
established guidtlines for restructuring the school science experiences for students in
grades 6 througik 12 while the NSSE provided a comprehensive vision for science
education and thee systems that are needed to support it. These reform projects were
responsible in ilping establish this common vision.

Emergence of CETP

The visidn produced in the 90s is being advanced towards becoming a reality
by the CETP initiatives with support from NSF. The CETP program was initiated in
1993 with the NSF’s Division of Undergraduate Education.

The teacher preparation enterprise is elaborate and complex, yet this initiative
has developed ta include many diverse institutions within a given area. These include
two-year colleg®s, comprehensive and research universities, school districts, and
other community resources. The CETP leadership teams include faculty and
administrators f"om a variety of SMET disciplines. They intend to create models for
improving the ¢.ality of science and mathematics teacher preparation. One
significant factok is that the science and mathematics faculty have joined with
education faculty and K-12 teachers in these CETP initiatives.

Brain-based Lewrning
Geoffref and Renate Caine using Leslie Hart's Proster Theory as a foundation

coined the term brain-based learning. Hart’s book Human Brain and Human
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Learning (1998) is a seminal source for the development of a coherent theory of
learning. Caine and Caine (1997a, 1997b) have developed a continuum with three
perceptual orientations identifying “benchmark” locations. Perceptual orientations
are characterized by four qualities or dimensions: (1) From Power over Others to
Self-Efficacy Grounded in Authenticity; (2) Expanded Cognitive Horizons; (3) Self-
Reference and Process; (4) From Control to Building Relationships That Facilitate
Self-Organization. Each perceptual orientation has a corresponding pedagogical
behavior that will be associated with Instructional Approaches One, Two, and Three.
Perceptual orientations represent worldviews of education that are quite
different. This makes communication between individuals and institutions of
differing views extremely difficult. Individual transformation is a tenuous process,
but it is further constrained when the system itself is not set up to accept new ways of
thinking. When teachers, especially pre-service ones, are given the opportunity to
reflect on their philosophy of education in light of the current reform movement, they
tend to begin the transition from Perceptual Orientation One (PO1) toward Perceptual
Orientation Three (PO3). The system they are working within has a particular culture
that seems to rob them of their desire to be “innovative.” A reflective practice that
allows for the identification of convictions on issues that define one’s philosophy of
education must be a starting point for transformation. How can we know where we
are going if we do not know where we are? My experience supports that most pre-
service teachers as well as many veteran teachers have not done this and when asked

to do so find it a formidable task. Teachers have mental models that govern their
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actions and I feel it is important to make the theories-in-use explicit for individuals
through the reflective process.

Caine and Caine (1997a, 1997b) developed three perceptual orientations that
give rise to corresponding instructional approaches. They posit that when teachers do
not understand why they do what they do at a significant enough depth, any changes
tend to be superficial and temporary. Understanding the purpose of teacher actions is
crucial to understanding these perceptual orientations. The first orientation lies
within the traditional/transactional worldview that is prevalent in the factory model of
schooling. The second is a transitional orientation while the third coincides with
reform-oriented transformational educational philosophies.

Participants included six professors involved in a reformed course initiative. I
interviewed them, administered a questionnaire, and observed them during
instruction. The following indicators can be used to place the participants on a
continuum of instructional approaches based on their perceptual orientations. This
may be used as a method of creating a base line from which these professors, and
others, may view the way they perceive their roles in the context of science education
reform. Caine and Caine (1997a, 1997b) provided all but the last of these indicators.
I added the last one.

e The objectives of instruction

o The teacher’s use of time

e Sources for curriculum and instruction

e How teachers define and deal with discipline

e How teachers approach assessment
13



e How teachers approach diversity
These came to be changed as the analysis of the data took place. Teacher’s use of
time and how they define and deal with discipline did not provide viable data while
other issues emerged instead. The combined issues came to be identified as
components of the professors’ belief systems.

Instructional approach 1. This is primarily a command-and-control mode of
instruction described as a stand-and-deliver mode. This approach is compatible with
a mechanistic and bureaucratic worldview and has become synonymous with a
behavioral approach to education (Caine & Caine, 1997b).

o The objectives of instruction: The teacher focuses on students acquiring
pre-specified information, facts, and skills through memorization,
practice, rehearsal, and repetition. From a brain based learning
perspective, the goal is the acquisition of surface knowledge with
emphasis on programming the taxon memory system such as teaching to
the test.

o The teacher’s use of time: The teacher imposes an artificial time schedule
on students. Deadlines are based on how long something “should” take
without regard for student-articulated needs for time.

e Sources of curriculum and instruction: The teacher spells out what
students should learn using a designated curriculum guide or other
authoritative device. Texts, manuals, lectures, and demonstration videos
are choice instruments for delivery of information. Subjects are taught as

a series of fragments and topics.
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How teachers define and deal with discipline: Discipline is referred to as
procedures needed to control behavior that disrupts instruction and
teacher control. Rules are made explicit and posted throughout the school
setting in an authoritative manner. Punishment and consequences are
similarly specified. Discipline is approached from a behavioral
perspective.

How teachers approach assessment: The students are assessed according
to their ability to replicate precisely what the instructional source
presented. Instruments for assessment include tests and quizzes with true-
false, multiple choice, or right-wrong answers.

How teachers approach diversity: Students are viewed as equal with little
regard for their experiences and knowledge they bring to the classroom.

Differences are seen as deficiencies rather than strengths.

Instructional approach 2. This approach shares many of the same beliefs and
practices expressed within IA1. However, some critical differences do exist. There is
a fundamental change in classroom management in order to allow students to
experiment and move about more freely. The teacher uses more complex materials,
incorporates engaging experiences, and focuses on creating meaning as opposed to
memorizing information. This approach is seen as a necessary step for educators who

are willing to make the move towards IA3.

The objectives of instruction: Teachers use a highly focused set of
outcomes. They tend to combine prescribed curriculum with instructional

activities and prepared materials such as those provided by SEPUP and
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FOSS for example. Student purposes remain secondary. The goal of
students is to acquire scholastic or technical knowledge. The teacher is
concerned with students’ understanding of the concepts, but lacks the
ability to translate the concepts to real-life experiences and to connect
concepts to each other.

The teacher’s use of time: Time frames begin to expand and become more
flexible, but this seems to frustrate the teacher since the students are
engaged in teacher-orchestrated activities.

Sources for curriculum and instruction: Limited thematic instruction and
integrated curriculum are utilized, but tend to be highly structured.
Instructional sources now include groups, discovery, and technology.
Students are allowed to interact more through exploration and exchange.
How teachers define and deal with discipline: The approach to discipline
has not changed much. Teachers design activities using a coherent plan
of instruction and students must know how to cooperate with those
objectives. Non-cooperation is seen as disruptive to the maintenance of
discipline.

How teachers approach assessment: Teacher-controlled performance
assessments and evaluations are now added to paper and pencil tests.
Rubrics may collaboratively be developed with students in order to begin
using some types of authentic assessment of student projects and
performance, yet the teacher still selects and controls the meaning and

purpose for the experience.
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e How teachers approach diversity: Teachers acknowledge diversity within
the student population and act in assimilating ways. Multicultural
education is not yet practiced.

Instructional approach 3. This approach is the most student-centered with
genuine student interest at its core. Instruction is based on the view that students
learn naturally if placed in an enriched and meaningful context. Others often consider
the language and methods of these teachers suspect. This approach can generate too
much uncertainty or garner negative community or system reactions because of the
non-traditional approaches not used in the aforementioned *safer” instructional
approaches.

o The objectives of instruction: The teacher allows learning to occur
naturally and encourages the development of connections between ideas
and concept to real-life experiences. This approach creates a context for
meaningfulness by engaging students in a search for purpose and meaning
that prepares them to transform the curriculum into knowledge they can
use naturally in their everyday lives. Individual purposes and goals
interact with changing contexts to drive the organization of information
and the construction of meaning. This type of learning results in
dynamical or perceptual knowledge and uses the locale memory system.

e The teacher’s use of time: Time becomes flexible and is directly tied to

the needs of the learner, driven by complex individual and group projects.
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e Sources of curriculum and instruction: Instructors and students develop
partnerships using multiple sources. The prescribed curriculum is
embedded in student-centered processes capitalizing on student interests.

e How teachers define and deal with discipline: The traditional approach has
been discarded and replaced by a sense of order based on learning and
instruction tied to common meanings and purposes.

e How teachers approach assessment: Authentic assessment is employed.
Students are involved in evaluating their own process and progress.
Assessment primarily focuses on two issues: 1. What does the student
understand and how can it be demonstrated? 2. What can the student do
with this understanding and how can this knowledge be applied?

e How teachers approach diversity: Difference is embodied in a spirit of
community (Kohn, 1996). Personal identities are embraced and valued
rather than marginalized (Nieto, 1996).

A Call for Research

Recent research presents a multi-faceted perspective of the issues related to
reform (see Bruckerhoff & Bruckerhoff, 1996; Fedock et al., 1996; McGinnis &
Watanabe, 1996; Seymour & Hewitt, 1997; Thoresen, 1998; Watanabe, McGinnis, &
Roth-McDuffie, 1997). Elementary children are being “turned off” by science even
though they are naturally curious. Elementary teachers are not responding in a
positive way to science taught in traditional formats. They either leave out science in
the curriculum or they address it in a way that is not meaningful to them or their

students (see Bethel, 1984). University science professors have taught the courses
18



that pre-service teachers must take during their first two years of college in a
traditional lecture format and often in large classes that can reach into the hundreds of
students. Education departments provide the science methods course usually in the
junior or senior year after they have taken the survey science class that researchers
have identified as memorization-oriented, where grades are based mostly on tests,
quizzes and exams. The laboratory sections are usually disjoined by who teaches
them as well disconnected from the lecture in time. Sometimes the lecture and labs
are taught in different semesters. The pre-service teacher is then placed in a student-
teaching situation with teachers who are part of the very system in question; a system
that produces teachers who do not teach science and if they do, it is done poorly.
When teachers get a teaching position, they often enter a culture that is resistant to
any innovations they may bring with them and the cycle continues (McClurg, 1991).
At the university, professors must contend with a culture that values research
over teaching. Science teaching is based on a system of self-selection where they
perceive that they move away from lecture-based teaching when the number of
students in their classes get smaller, which is usually when students are enrolled in
upper-division science. By this time, the non-science majors have been eliminated
and those who can learn by the more traditional method have been selected. Science
has enjoyed a superior and more prestigious position in the hierarchy of knowledges
(or disciplines). Rewards at the university, those dealing with tenure and promotion
of professors, are based on research and publication and not on teaching (Hinton,
1997; Jennings, 1997; Pape & Tittle, 1998; Seymour & Hewitt, 1996; Tobias, 1992a,

1992b). These two aspects of higher education, coupled with the fact that most
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professors never receive pedagogical or learning theory during their formal training,
make for an interesting mix of circumstances that can spell out an outcome of science
illiteracy for most Americans.

The current NSF-sponsored collaboratives are adding to the body of
knowledge that will further understanding of teacher candidates and faculty.
Seymour and Hewitt (1997) reviewed much research up until the initiation of the
CETP collaboratives. They found that research had not focused on professors. Their
study was also particularly interesting since it was a qualitative study that looked at
the schooling process from the students’ perspective. My study adds to this by
looking at the process from the perspectives of the professors.

Fedock et al. (1996) conducted a literature review that revealed no research
about what happens to science professors as they interact with teachers. They feel
that “knowledge of this process is crucial if those interested in improving science
education expect to effectively involve science professors in teacher education on a
consistent, long-term basis” (p. 8).

McGinnis and Watanabe (1996) studied math and science faculty in order to
paint a picture of the discourse landscape that higher education teachers inhabit in
reference to their thinking. They did this in order to understand the teaching faculty’s
beliefs and actions in designing and implementing undergraduate teacher preparation
science classes. These researchers examined the dialogue between science content
specialists and science methods specialists. They found that faculty transformations
are affected by differing beliefs, which ultimately impact the collaboration between

the disciplines. I found evidence of this in my research. Science professors do not
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hold other disciplines in the same hierarchical regard as their own. This seems to be
one of the components of their belief system that needs to be better understood in
order to remove this obvious constraint from the reform process.

Studies of professors’ belief systems seem to be rare while studies of students,
pre-service teachers, teaching assistants, and in-service teachers are more abundant.
Watanabe et al. (1997) conducted research on teachers and instructors participating in
the Maryland Collaborative for Teacher Preparation (MCTP). They found that
teachers who teach other teachers have a profound indoctrinating effect (see also
Brooks & Brooks, 1993; McGinnis & Watanabe, 1996). How can university content
specialists model good instruction in light of this? They found that the instructors
accepted the idea of modeling good instruction and this experience actually impacted
their teaching in general. My research captures the belief systems of reform-oriented
professors as they enter these new teaching experiences. It is important to understand
their belief systems because they must transform their pedagogical stance that has
long been in place while they are trying new practices. What are these belief systems
based on? In the Watanabe et al. (1997) study, some professors taught the science
class with intentions of teaching college students while others taught the college
students as if they were teaching students in the middle grades. This was also
observed in this study.

McClurg (1991) reported on an NSF funded initiative that identified an
important perspective that must be assimilated into our collective thinking about the
issues and problems that the current reform movement is attempting to address. She

calls for a more cohesive model of science education to replace the existing adhesive
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one. Pre-service elementary teachers presently enroll in approximately nine hours of
science in a haphazard way during the first two years of college and in one science
methods class during their final two years of college. They are then placed in student
teaching with teachers who do not teach science well if at all. The belief system that
drives the current practice of teacher educators must be challenged so as to uncover
the mental models that susiain it. This is at the heart of future research. As the
picture of reform issues becomes less blurred, more cohesive programs for our future
teachers can be better planned.

The Montana Systemic Teacher Excellence Preparation (STEP) was started in
the first year that NSF funded these collaboratives (Thoresen, 1998). She identified
fifty-two course that were either revised or created because of the initiative. It is
important to look at the more mature initiatives to draw from their insights as well as
their shortcomings. I feel that the CETP initiative studied here lacked resources and
collaborative support. STEP was developed from a broader base of participants. It
included teams composed of faculty, graduate teaching assistants, and K-12 teachers
who met regularly to create and redesign courses. They embraced a view of
assessment that was closely tied to learning. The initiative at this university had quite
a range of perspectives on assessment. Participation in this process may affect the
other courses that the participating professors teach. Questions that emerged in the
STEP program are beginning to be answered by studies like the present one: What
faculty beliefs about learning are changed? Are faculty designing and carrying out
classroom and program assessment themselves? Is the formal reward system

changing in response to a shift in campus orientation to support quality teaching?
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What is the nature of communication among the faculty, departments, and colleges
about course reform?

Bruckerhoff and Bruckerhoff (1996) found shortcomings in reform initiatives.
One of particular interest identifies a powerful component of belief systems that is
addressed in this report.

A common mistake was the belief held by ordinary college faculty that what

they do is above (in hierarchy of occupational status, knowledge, and

methodology) and not mutually dependent upon the collaboration, knowledge

base, curriculum, and instructional methods of their colleagues and their K-12

counterparts. ... This false and self-serving belief contributed to a number of

easily recognizable negative results ... some college faculty (including teacher
education faculty) proposed projects that ... followed the “from-the-
university-to-the-school” paradigm. There was not even the spirit of

collaboration, much less the practice. (p. 20)

The Educational Development Center (1995) of the NSF produced a review of
Educational Reform Initiatives. Of the twenty initiatives, only two specifically
identified university level involvement. The majority were aimed at the K- 12 level of
education. The current study found that science professors have not generally desired
to write educational type grants because of the prestige involved in advancing
discipline specific knowledge. It is important to note that the reward system in place
at the university, the cultural expectations of professors, and science/industry grants
provide a summer salary.

The research that I have reviewed provides a basis for emergent research.

This research serves to address some of those elusive issues found in the current

literature while also forging new ground toward understanding of the mental models

of key participants in science education reform.
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Definition of Terms

CETP course. The CETP course is the course in which this study took place.
It will be referred to as the reformed course, the Natural Science course, or Arts and
Science 121 throughout the narratives. They are one in the same.

Dynamical knowledge. Dynamical or perceptual knowledge results from the
construction of our own meanings. It is perceptual in the sense that it is what a
person actually believes and perceives at the moment of action. It derives its power
from deep meanings and intrinsic motivation (Caine & Caine, 1997a).

Espoused theories. Espoused theories are formal explanations given for
actions that frame what one does in a more sophisticated light (Caine & Caine,
1997b). Espoused theories may not necessarily reflect mental models. “Although
people do not [always] behave congruently with their espoused theories [what we
say], they do behave congruently with their theories-in-use [their mental models]”
(Argyris, in Senge, 1990, p. 175).

Locale memory. O’Keefe and Nadel define this as memory for locations and
interconnected events that operates in a rich physical context (as cited in Caine &
Caine, 1994). It is also called the spatial memory.

Mental model. Mental models are deeply ingrained assumptions,
generalizations, or even pictures or images that influence understanding of the world
and how action is consequently undertaken. There is often not a conscious awareness

of mental models or the effects they have on behavior (Senge, 1990).
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Surface knowledge. Surface knowledge is the product of rote learning. It
does not matter whether the learner understands the content (Caine & Caine, 1997a).

Taxon memory. O’Keefe and Nadel (1978) link this type of memory with
extrinsic motivation such as reward and punishment and “memorization” of
disconnected or isolated facts (as cited in Caine & Caine, 1994). It is quite resistant
to change and is not initially meaningful.

Technical/scholastic knowledge. Howard Gardner (1991) alternately refers to
scholastic or conventional understanding. It consists of ideas, principles, and
procedures that are traditionally regarded as the core content of any subject or
discipline. Scholastic knowledge lacks a quality that makes it available for solving

real problems or for dealing with complex situations (Caine & Caine, 1997a).
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CHAPTER 2

PROCEDURES OF DATA GATHERING AND THE
PROCESS OF ANALYSIS

Conceptualization of the Study

The reformed Arts and Science 121 course was taught for the first time during
the fall of 1998 (see Appendix A). It was unique in that six professors from four
different departments collaborated to develop and teach it using an integrated
thematic approach. [ was a part-time science methods instructor and was invited in
October 1997 to attend a planning meeting for the development of the course. There
was no full-time science education professor working in the department at the time. [
became involved in subsequent meetings as a representative from the education
department. It was during these meetings that I decided to use this as a study for my
dissertation.

All six professors agreed to participate in my study so there was no issue of
population sample. I set up an initial meeting with each professor in order to describe
the nature of my study. I gathered pertinent contact information, presented them with
a survey of thirteen questions, asked them to consider potential interview dates, and
set up a follow-up meeting (refer to Appendix B). At the next meeting we negotiated
three interview times and dates. I shared the informed consent form along with the
three interview questions (see Appendix C). We agreed that these would be signed

and a copy given to each participant at the first interview meeting.
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Procedure 1: Survey/Questionnaire
A survey of thirteen questions (see Appendix D) was given to each professor.
Each was asked to provide narrative responses. Written or word-processed responses
were either handed to me during the first interview or emailed to me at a later date.
The questions were based on the six indicators described in chapter one. These
indicators served to elicit responses that would place professors along a continuum of
perceptual orientations (see Appendix E) and instructional approaches also developed
by Caine and Caine (1997a, 1997b).
Survey questions.
1. When you are teaching, what decisions about what you actually do
in your classroom do you believe others govern and what decisions do
you feel free to make yourself? Please list.
2. Where do your ideas for how you teach come from?
3. How do you organize your ideas for teaching? How do time
parameters influence your planning?
4. How do you deal with diversity of students within your classroom?
5. Describe any differences that you see between an activity and an
experience.
6. What are your sources for the curriculum you use to develop a
course that you teach?
7. What does “order” in your class mean? How do you maintain

order? How important is this for you?
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8. What is your approach to grading and evaluation? Please be
specific.

9. How do you accommodate student interests and needs? Please give

examples.

10. In what ways do you create a challenging curriculum?

11. Teaching linked to real-life experiences can have an open-ended

quality because there is no one correct answer. How can teachers

teach this way without feeling a loss of control over students and what

they need to learn?

12. What assumptions do you bring to your science class about non-

science majors?

13. What are your beliefs about abilities of students going into

elementary education?

Procedure 2: Interviews

I used Seidman’s (1998) in-depth interviewing technique. This required that 1

conduct three 90-minute tape-recorded interviews with each instructor. Each

interview was guided by one main question.

The first interview question, “How did you come to be a science educator in

the context of reform?” allowed the participant to reconstruct his/her experiences that

lead towards the teaching of science in context of reform.

The second question, “What do you actually do as a science educator?”

provided the professor with the opportunity to reconstruct details of his/her present

experience in terms of teaching science. This question elicited information on the

28



teacher’s relationships with students, colleagues, and others in the school as well as
provided insight into perceptions of science educational reform.

The final question was, “Given what you have said in the first two interviews,
how do you understand your position now and where do you see yourself heading in
terms of science education reform?” This phase of the research provided a better
understanding of each participant’s experiences that have lead to their present concept
of teaching science. It also aided in the identification of their espoused theories of
teaching science. These findings provided a comparison with their theories-in-use
that were seen in the classroom observations.

Each interview was transcribed. I called these the “Final Transcripts.” My
comments were cut from the transcripts and a version containing only the
participant’s comments was crafted. These transcripts were given to each participant
and they were asked to provide clarifications and corrections for terms and phrases
that were possibly not transcribed accurately (e.g., spelling of reference to locations,
people and organizations where they used only the acronym, and areas where the
audio quality made it difficult to transcribe). I wanted them to see the data from
which I would construct their profile. The revised transcripts were then reread while
listening to the taped interview in order to make them as clear and close to what was
actually said as allowed by the technology. I called these “Profile 1.” Each transcript
was reduced from approximately 200,000 characters (including spaces) to about
40,000 characters in the final profile. The profiles were created in the words of the
participants, but there were occasions where I made the judgment to delete language

in order to enhance the coherency of the spoken language when translated into the
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written form (e.g., um, ah, I think, you know etc.,) were removed unless they seemed
to be intentionally stated. The final profiles were named “Profile 3.”

Profile 1 from each participant was used to code the passages and develop
themes that would inform the research project. Although the indicators mentioned
above provided a beginning basis for coding, I was open to coding emergent issues or
themes. I felt that using the indicators in both methods would be helpful in the
comparison and analysis between the three methods of data collection since these
were essential to the identification of each professor’s perceptual orientation and
instructional approach.

Each participant’s Profile 3 appears in the results of this study. These are
subject to interpretation by readers because of the unique life experiences that have
lead each reader to this point in time. .

Procedure 3: Classroom Observation

A third component of this research involved approximately 47 classroom
observations of the Arts and Science 121 course. I observed the class on Mondays,
Wednesdays, and Fridays from 1:30-3:20 P.M. Informal observations and interviews
with participant instructors and students were conducted during this phase of the
research. This research component yielded information that helped build an
understanding of instructors’ theories-in-use (mental models) dealing with reformed
science teaching.

The course began with a module on the scientific method presented by a
professor with electrical engineering as her area of expertise. An astronomy module,

two chemistry modules and two biology modules followed this.
30



I observed the professors’ behavior in the classroom so that I might compare
this to what they had said in the surveys and interviews. I was looking for
(in)congruence between their espoused theories and their mental models that drive
their behavior. As the course began, I looked at the classroom, the students, and the
professors. I observed professors’ methods of presentation, interaction with students,
discussion and questioning techniques, and their methods of assessment. Ilooked for
evidence of integration between the disciplines as well as for connections to the
theme. Individual and group dynamics kept my interest as I recorded content,
espoused assumptions, non-verbal communication, and student self-grouping. Iused
indicators as provided by Caine and Caine (1997a) that might help identify where
each professor might be located on the continuum of perceptual orientations. I was
open for additional indicators or issues that might emerge as the course progressed.
Data Analysis Process

Throughout the entire research and analysis I attempted to stay close to the
research participants’ feelings, thoughts and actions as they related to the focus of this
inquiry; to understand the phenomenon under investigation (see Creswell, 1998;
Seidman, 1998). This allowed me to develop propositional statements derived
inductively from a rigorous and systematic analysis of the data. A defining
characteristic of qualitative research is an inductive approach to data analysis. What
becomes important to analyze emerges from the data itself, out of a process of
inductive reasoning (Maykut & Morehouse, 1994). I used the constant comparative
method (see Appendix F) developed by Glaser and Strauss (as cited in Bogdan &

Biklin, 1992; Lincoln & Guba, 1985; Maykut & Morehouse, 1994).
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The first step was to code the data from the transcripts so that all excerpts
could later be traced to their original source. I “unitized” the data according to
Lincoln and Guba (1985). The transcripts were combed for meaningful words and
action of the participants. These smaller units served as the basis for defining larger
categories of meaning. Each unit had to be able to stand-alone and be understandable
in terms of my focus of inquiry; belief systems of professors involved in science
education reform.

Some units of meaning were lengthy, which is inherent in studies where
participants are telling life stories (Maykut & Morehouse, 1994). The initial six
indicators presented above were used to code the units for meanings pertinent to what
ultimately emerged as components of the professors’ belief systems. Two of these a
priori indicators did not develop into identifiable categories while several others
emerged in the process.

The next phase, which actually was occurring simultaneously throughout the
unitizing phase, was a process of discovering categories within which all unitized
data could be placed. These data either identified some important words, phrases or
topics that migrated towards one of the existing categories (or indicators) or formed
new ones. Ithought of these categories initially as the themes, which were to elude
me until the later stages of the analysis. The constant comparative method of
analyzing qualitative data combines inductive category coding with a simultaneous
comparison of the units of meaning. Each unit was compared to all others and was
subsequently grouped. Lincoln and Guba (1985) provide a useful description of the

categorizing and coding process:
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The essential tasks of categorizing are to bring together into provisional
categories those cards [unitized data] that apparently relate to the same
content; to devise rules that describe category properties and that can,
ultimately, be used to justify the inclusion of each card that remains assigned
to the category as well as to provide a basis for later tests of replicability; and

to render the category internally consistent. (p. 347)

Some units obviously fit into more than one category making this aspect of analysis
more difficult. Ultimately, some were used in more than one category while others
were selected to better fit into one.

The “rules for inclusion” of data into categories revealed the components in
which all data ultimately fit. These came to be known as the components of a belief
system, which were based on the focus of this inquiry. These espoused belief system
components were taken from the interview transcripts and survey narrative responses.
They were later compared to what was actually observed in the field. From these
components and the professors’ respective philosophical relationships to them, I was
able to discern themes regarding the efficacy of the reform initiative. Themes that
emerged were trends along the lines of their perceptual orientations. Instructional
approaches are derived from these perceptual orientations. Although I used the POI,
PO2 and PO3 as categories, not one professor could be placed into one exclusively
when looking at all the components of their belief system. The contradictions found
between their espoused beliefs and their actual perception makes it even more
difficult for placement into any one category. The categories can help practitioners

identify their location on a continuum with regard to important belief system

components and facilitate the transformation process through reflective practice.
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Caine and Caine (1997a) identified PO3 as one that aligns itself with the
present notion of reform. It is from PO3 that IA3 develops. Teachers of this
orientation are associated with following attributes:

(a) An inner appreciation of interconnectedness;

(b) A strong identity and sense of being;

(c) A sufficiently large vision and imagination to see how specifics relate to

each other;

(d) The capacity to flow and deal with paradox and uncertainty; and

(e) A capacity to build community and live in relationship with others (pp.

21-22).
Even though this is one study with a particular theoretical foundation, it can help
others to understand the educational terrain of reform and thereby sustain the
transformational process.
Trustworthiness

The phenomenon, as it has been presented in this study, is a narrative based on
what I heard, saw and came to understand through this experience. I addressed the
issue of trustworthiness in four ways described by Lincoln and Guba (1985) and
supported by Maykut and Morehouse (1994).

Multiple methods of data collection. It was through a convergence of patterns
between data from interviews, questionnaires and observations that the belief system
and behaviors from these professors have come to meaningfulness.

Building an audit trail. I have established a permanent audit trail according to

current literature in order to maintain trustworthiness (Bogdan & Biklin, 1992;
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Lincoln & Guba, 1985; Maykut & Morehouse, 1994). Anyone who would care to
review the volumes of coded pages, reports and field notes would likely come to see
many of the same patterns that are presented here. It is inherent in qualitative
research that the researcher brings a set of beliefs and experiences that influence the
attitude and processing of the data used to establish the outcomes. The data can
support more than one perspective, but from a broader view, this would add more
meaning to the study rather than detract from it. I welcome others to partake.

Working with a research team. I did not have a research team per se. I was in

contact with members of my committee that had expertise in what I shared with them
all along. The dissertation defense also served as a team review process, just not in
the way the literature defines the research team. I had a graduate student review all
coded materials and she helped in theme development along with the analysis. This
is a limitation of the dissertation process and an area that might be looked into if
qualitative research is to remain as a viable alternative to the quantitative paradigm.
From this perspective, it was a lonely journey, but one worthwhile in establishing a
meaningful path to future research along the qualitative line of inquiry for me as a
researcher.

Member checks. Each participant professor was provided with a complete
Profile 1 from which his or her public profile and belief system components would
eventually bz crafted. They were asked to read the entire transcript of the three
interviews and were allowed to clarify, add or delete material. All but one professor
complied with the request. The final dissertation is open for review and any feedback

I receive will affect any “spin-off” publications that may ensue. I challenge the
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professors to read the dissertation in its entirety in order for them to get a global view
of what I did as well as for them to use it in their reflective process on the journey

toward transformation.
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CHAPTER 3
OUTCOMES: PERPSECTIVES FROM THE FIELD
Profiles

This research is aligned with and informed by the naturalistic paradigm as a
means of maintaining focus on the lived human experience (see Lincoln & Guba,
1985). It cannot be reduced numerically nor analyzed statistically. Participants
became vulnerable and acted in an unselfish way to allow my participation in and
observation of their lives.

Although the profiles speak in the participants’ own words, the readers of this
work are reminded that they were generated by reducing the content of the total
transcript by approximately two-thirds. Deciding what to leave out was a somber task
for it had the potential to allow for bias and miscommunication. I had the central aim
to select those passages that could come together and reveal a story as it related to
participation in the reform effort. This was the object of my research. It is important
to also keep in mind that interviews are indeed communication events that are
contextualized and are informative in and of themselves (see Hurd, 1997).

The intention of the interviews was to come to understand the professors’
experience from their point of view. We can begin to uncover how their individual
experiences interact with powerful social and organizational forces inherent in the
shared university context. The interrelatedness must be understood if meaningful

transformation is to occur. These stories shed light on the power that pervades the
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daily interactions within the educational context, particularly in the arena of science
education reform.

In the spirit of being faithful to the words of the participants, it was with much
attention, perhaps even a degree of trepidation, that I added or removed any wording
in order to clarify or minimize the effect of characteristics of oral speech on the
written word. I eliminated “unessential” terms such as “uhm, ah” and “you know.”
Ellipses indicate material from a sentence or between passages has been omitted.
Any words that I added to improve clarity are placed within brackets. I expended
great effort to keep the profiles consistent with the sequence of the three interviews.
On occasion, when a particular topic resurfaced, passages were transposed in order to
keep the reader from becoming lost during transitions that are common during oral
dialogue.

The following profiles provide an opportunity to come to know each
participant as a science educator in the context of reform.

Adrienne.

I knew I wanted to be an educator from middle school on. Idon’t
remember doing any science in elementary school.... My first taste of what I
thought was real science was in junior high. It really became exciting for me
in eighth grade. They opened a new school, which was about a block away
from my house, so I watched them build the school. Before it opened, I
wandered through the school and met some of the teachers and I met my
eighth grade science teacher. He was an amazing man. He asked me to help
him with the bulletin boards and we put up neon colored stuff with black and
pink and bright yellow and things that would really catch the eye when you
walked into the room. His hypothesis at the beginning of the semester and the
year was that there were gremlins. Those gremlins were what made things
work, and they were the ones who were pushing and pulling against things
and causing things to go and the made the whole universe work. I was
intrigued with his idea. Iknew it wasn’t right, unless we want to call gravity
gremlins or electromagnetic fields gremlins. But his ideas intrigued me
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because I didn’t know how to prove him wrong, and I found every science
class after that to be extremely exciting....

When I went to high school I would come back and work with my
geometry teacher, and help prepare the algebra stuff for classes and when I
went away to college I'd come back and I was a substitute teacher whenever
they would have me. I also got a job with the Board of Education one
summer, helping to put together some of their science programs. So, I guess
my involvement with my teachers was critical. It made me feel like [ was a
part of what was going on and it gave me a little bit more of an insight as to
what’s involved in the learning process. I thoroughly enjoyed teaching and
working with the students, helping them understand things and trying to come
up with things that would help them relate to their math. One of the big
problems was when I would go out to do some tutoring.... Part of the reason
they were having trouble with their math is because they didn’t like it and it
wasn'’t interesting....

One example was a student who wanted to work with cars. He saw no
reason why he needed to know any of the math. I think we were working on
fractions and so I got to talking with him {and got him to] think about the
quarts [of oil] that go into the car. Sometimes you don’t use a full quart,
sometimes you do use a full a quart, and sometimes you have to use more than
that. The nuts and bolts were not whole sizes ... they were actually
fractions.... He seemed to enjoy our sessions together and then I was told to
stop tutoring him....

When my junior high school first opened there was a fellow there who
was in charge of the science department. His name was Dr. Johns. He was the
first doctor I had ever seen who was not a medical doctor. [ was impressed
with that and so I decided that science was so wonderful that I knew I was
going to teach. [ actually wanted to teach in the middle schools. In order to
teach I [felt ] needed to prove to myself that I know the material well. So I
decided a Ph.D. was what I wanted to get and I set off to get my Ph.D. That
meant getting my bachelors first. I wanted it in physics or math and I wasn’t
quite sure which I wanted, so I did both. While I was there, since I knew I
wanted to do education, I went ahead and got my teacher’s certification at the
same time. The philosophy of my college was to get your degree in your
science area and the certification is the minor as opposed to education being a
major and you take a bunch of other little classes.... They were basically high
school teachers.... I don’t think we had the program to really prepare for
elementary school teachers.

Once I finished my bachelors degree, I decided I wanted to go ahead
and get the doctorate. I'm a theoretician at heart.... I'd rather sit and
contemplate things, do proofs, and try to figure things out and do puzzles,
anything that’s brainwork. Idon’t really like the hands-on stuff myself but I
know that’s the way you reach most people.... I knew I was getting more and
more into theoretical stuff, and I said, “Well, if I really want to be a teacher, I
just can’t go off and do theory unless I'm going to sit in the comer and just be
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by myself. If I want to teach, I need to know applications and how things
work,” so I decided to do electrical engineering because that was m-ore applied
than the physics was.

I came here to ... where they gave me a teaching assistants\ip and I
started to pursue electrical engineering. I learned that having a PhID. doesn’t
mean that you know everything in your subject. It meant that youRnew a lot
about one little teeny tiny thing in the whole world of all many posibilities. I
didn’t realize that as you get more advanced degrees you keep narQwing
down your area of expertise until you know a lot about very little. - . [Sigh]
So many delusions.

I’ve taught a very wide range of students.... [lecture] is on¢ of the
easiest ways to “teach” something. I would like that teach to be in&uotes
because I'm not always convinced that teaches anything. All a leciyre does is
explain some of the theory. It might as well just be on TV or any 0¥ those
videotaped things, because there’s no interaction. Not all [students learn that
way ... I find that I can lecture on something and then have a stud¢tat come
and ask me questions that show that he or she obviously did not urerstand
what I did in class. There was no connection. I like the idea of gelking away
from lecture. I'm not quite sure exactly how to do it when class sites are
thirty to a hundred students in size. I'm not satisfied with the wayQthe
teaching is going at the university. Idon’t think it’s as good as it (Quld be.
Just because you have a Ph.D. in a particular area does not make oe a
teacher. [ think it’s so funny that we hire Ph.D.s and insist on peopJe being
Ph.D.s and being experts in their field without really testing them IQ see if
they can teach. We hire them for their research capabilities. We dQn’t hire
them for their teaching abilities. The [professor] candidates give atalk on
their specialty which, of course, they should know. I think we oughit (o give
them an exercise on how they would explain something they’re goitg to have
to teach. Ithink we’re going to have to have some reform at the usjversity.

Our department had a workshop on teaching strategies, on how to
work in the classroom, how to teach better, how to work with the skudents,
how to have the students actually work problems in class... besides just sit
there and listen. I think our department is beginning to make an eff'ort in that
area and I have to admit I'm not perfect either. It’s still easier justto stand up
there and give a lecture than it is to try to involve the students. Thi spring
semester I tried to have them do little projects in class and the fifty minutes
was not long enough to really get in to any of the little projects I wanted them
to do. Just about the time they start getting to the point where they can do
something, ah, time’s up and they have to go. So we’ve got this thi ng called
time constraint and it does present a little bit of a problem....

Elementary school teachers are some of the busiest people [ *ve ever
met in my life.... They have to be able to do everything. I think sokme of them
are overwhelmed with what they already have to do.... The mid-school
teachers and the high school teachers, once that bell rings, I can’t geet hold of
them. They’re not very open to getting to know me. The elementiyy school
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teachers are a bit more open because they’ve got smaller classes.... It doesn’t
completely rest on the teachers’ shoulders, so I was willing to help out there
and I found out that some of the teachers don’t necessarily do science and I'm
not quite sure why. If they did do science, they didn’t do very much and they
certainly didn’t do very many experiments. I got to the point where every
year I’d publish a little blurb that I hand out to the teachers at the elementary
school that said, “I'd be more than happy to help you put together science
experiments. I'd be happy to sit down with you and show you how science
can fit into your curriculum so you can integrate it into the whole year.” Not
one teacher has asked me to do that ... so I started having students come in
during lunch. We'd sit there and we would do science.... We called ourselves
science interns.... My motivation for getting involved there is because I love
science and I want to share what I know and I've got something. That’s one
talent I have....

An outsider’s perception is that college professors have it really easy
and they’re lazy. “They just teach two or three classes and then that’s it.”
I’ve got a total of one hundred students to keep track of. Then I've got the
grading and the homework and all those things to do.... My office is always
busy during office hours, it’s always busy at other times and so you’ve got
students coming in asking questions, trying to get answers to things. I'm also
a freshman advisor and a lot of the people in our department have other duties
with graduate student, committees, faculty senate, or whatever, and they take
their duties very seriously. I'm responsible for labs, working with my student
teaching assistant and then there is research which most faculty are expected
to do to some level....

Assessment has always been a problem. We get into debates about it in our
department and I still don’t know what is right.... I try to be very fair with
assessment. When I was doing graduate level classes I really got hit hard on
this one. I felt that with my graduate students if they could show me they
understand the material, I will pass them whether they’ve done well on the
tests or not. My colleagues really didn’t like that at all. So now I'm not
allowed to teach graduate classes anymore [pause] — that is part of it. They
don’t think I'm competent to teach graduate students. Since 'm notin a
tenured track slot, they’ve barred me against doing graduate work. Isee their
position to a point, I mean, I'm not published. That’s part of the problem too.
That’s part of why they don’t think I'm competent, because in my research I
don’t have any main publication. I have tech reports, but I don’t have any
publications in journals and so I have not been through the peer review
process and they don’t really think I am qualified to be teaching. It really
bothers me, but there’s not much I can do about that. I’'m trying to continue to
work on my research and I’'m going to try to get more things published, but
it’s hard to do when I’m teaching freshmen because they’re so time
consuming. I’m sort of caught in a no win situation. Ihave to decide whether
or not I really want to go back to the graduate level or not....
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I wanted to have the freedom to be able to say, “No, I don’t want to do
this because I want to spend time in the schools.” I felt it was important to
have a presence in the schools ... especially with science because there are
some teachers who will not do science at all unless someone else does it for
them. There were some teachers [at the elementary school] who were not
doing science when I got there and they are doing science now. Ihave seen
some changes. I've been over there now since the school opened and the
teachers keep saying, “Oh, well she does so much,” but I don’t do anything
for that teacher in particular.... At the elementary school [my efforts are]
certainly [valued] by at least some people....

Tenure and promotion is based on how much research dollars you bring in and
how much you publish. There’s starting to be some change there, but it’s
slow. Our department head has said he does not want promotion and tenure to
be based solely on research. He wants to incorporate the teaching component
as well.... I’'m freshman advisor so that’s a quarter time. I'm doing two classes
each one of those is quarter time. My research is quarter time, it adds up to
full time. Well, where’s my community service? I do give a whole day to the
elementary school ... leave the university to go work at the schools. The
faculty here at the department will be happy to give you a couple hours here
or there if you do a special request, but not a regular basis ... because they
have other things they have to do....

I admit, when I started out teaching, my biggest fear [was] getting up
to teach students [that] were going to ask me something I didn’t know the
answer to. I felt I had to know the answers to everything. With years and
maturity I’ve learned I don’t have to know the answers to everything.... We
can figure it out together as a class, or we can go look it up, or we can go find
the answer some other way.... I can make them come up with the answer
themselves, but that comes with experience. I wasn’t like that my first year
teaching. If you perceive a teacher as someone who knows everything, you
limit yourself. The teacher is someone who helps others learn....

I've been teaching at this university for over twenty years. I started off
as a TA when I was working on my degree. I was a TA then an instructor....
Mostly I've been teaching here either part time or full time since we came out
here. I think that’s why they like me in the freshman position right now
because I’ve been through the whole gamut. I know what’s expected at the
graduate level.... I'm part of the curriculum committee and one of our charges
is to try to update our curriculum and work on that to make it better. I think
they thought my experience would be helpful since I know the loopholes.

[When I got involved] with the reformed science class ... it was during
either summer or January.... The department of engineering, in collaboration
with a few of the other colleges on campus put together a colloquium. It was
not just for trying to get grants ... It tried to get other types of monies, other
types of solicitations for work that we wanted to do. I went and participated
in that and while I was there I sat with [a colleague from the university’s
biology department] and she’s a parent at the elementary [school where I
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volunteer]. We were talking about some of the stuff we were doing [there]
and she told me about the science class that she was working on developing
[at the university]. This science class was being developed with several
different faculties and different departments working on it ... I think it’s so
needed because the teachers at [the elementary school], from my observation
anyway, are reluctant to do some of the science. I think they were afraid of it
or just couldn’t fit it in to what they were doing. I thought it would make a
whole lot more sense, especially for elementary school teachers, to have a
course that would incorporate the different sciences and show how they went
together. They could apply what they learned in [this reformed science
course] directly into what they were going to do in the elementary school
classroom. Itold her that if she needed any input or information I would be
more than happy to supply that for them because I would really like to see
some changes done in the way teachers were prepared to do science. [ tried
on occasion to get students who were preparing to be teachers to come over
and work with me in the science intern program, but that never really got very
far. Part of it is because students don’t get paid to participate with me and I
didn’t have too much support from {the College of] Education.... I haven’t
tried since then to contact the education department. So I saw this as a way to
start changing the teachers who were coming out to help them maybe enjoy
science, to find out that it’s not something scary, that they really can
understand it ... All they needed to do was follow some certain guidelines and
the children couid just pretty much take off with it. Perhaps they feel they
need to know everything and have all the answers for the students. That’s not
true in science classes.... I didn’t necessarily intend on teaching any part of it,
but I did want to be there to hear what they were going to do and to give input
if I thought they were going the wrong way. I was very pleased when I got to
go to a meeting with [the collaborative professors].... It was really interesting
to hear some of their ideas and to see where they were going with it....

My students in engineering won’t study unless there’s a test to study
for. In general, freshmen coming in tend to not work unless you make them
work. With upperclassmen, it sort of varies. There were some students in my
engineering classes who took the attitude, “Well if you don’t assign it I'll do it
anyway because I know I need to learn the stuff and so I'm gonna go ahead
and learn it.” Those are what I call good serious students. Then you’ve got
other students who maybe really aren’t quite so serious yet.... I know that if I
don’t assign stuff for them to do to turn in so I have it to count, they won’t.
Maybe I don’t motivate them enough, but they just aren’t interested in what
we're doing as much. I try to make classes more interesting and yet I still
notice that on a given day a third of students will be absent. It’s frustrating....
It doesn’t bother me not to have tests and I'm sure it doesn’t bother students.
Then there’s the question of how much they really learned. If they’re a
serious student, they’ll learn a lot from it. If they’re not a serious student, they
probably won’t take a lot with them.
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