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ABSTRACT
THE NATURE OF KEY IDEAS IN TEACHING HIGH S8CHOOL PHYSICS:

THREE TOPICS IN OPTICS,
COLOR, THE SPEED OF LIGHT, AND LIGHT INTERFERENCE

By
Zongyi Deng

The distinction between key ideas in teaching school
science and key ideas in the disciplines of science is
crucial and yet largely ignored in scholarly discourse about
what science teachers should teach and what they should
know. This dissertation seeks to clarify this distinction
through investigating how and why the key ideas in teaching
three topics in optics, color, the speed of light, and light
interference, for high school students differ from the key
ideas in teaching for prospective physicists or scientists.

This study employed Dewey’s idea about psychologizing
subject matter and Harre’s theory of referential realism as
theoretical underpinnings. It consists of 1) a case study of
two experienced physics teachers; 2) a comparative analysis
of the key ideas in teaching the three topics at the high
school level and the key ideas in the discipline of physics;
and 3) interviews with the two physics teachers and with two
optics professors.

The study found that the key ideas in teaching the
three topics for high school students differ markedly in
theory types, source analogues, and representations from the
key ideas in teaching for prospective physicists or
scientists; and that the differences are determined by



differing purposes of teaching, knowledge backgrounds and
experience of learners, and ways of selecting and
formulating key ideas in textbooks.

This dissertation argued that not every idea in the
discipline of physics can be taught to anybody of any age in
a wvay that is intellectually honest to the discipline; that
knowing the structures of the discipline of physics does not
guarantee that physics teachers have the specific kind of
subject-matter knowledge needed for teaching school physics;
and that key ideas in teaching school physics constitute an
essential component of pedagogical content knowledge.

This study calls for more empirical research on the
nature of key ideas in teaching school science; development
of a special subject-matter sequence for the education of
science teachers; and development of a theoretical base for
the construction of a science curriculum that bears a
transparent relationship to the structures and development

of science.
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CHAPTER 1
INTRODUCTION
This chapter first provides a discussion of the nature
of the problem, followed by an explanation of the research
questions and a review of literature. It next presents an
description of the purpose and significance of the study.
The chapter ends with an overview of the dissertation

itself.

The problem

(Wlhat should we teach first? Should we teach the
correct but unfamiliar law with its strange and
difficult conceptual ideas, for example the theory
of relativity, four-dimensional space-time, and so
on? Or should we first teach the simple "constant-
mass" law, which is only approximate, but does not
involve such difficult ideas? The first is more
exciting, more wonderful, and more fun, but the
second is easier to get at first, and is a first
step to a real understanding of the second idea.
This point arises again and again in teaching
physics. (Feynman, 1995, p. 3)

While what Richard Feynman addressed is primarily for
teaching physics for prospective physicists or scientists,
the question "what should we teach first?" is also a very
crucial one in teaching science for elementary or secondary
school students, as well as in the education of school
science teachers.

In the discourse community of science education, what
teachers should teach is believed to be centered around "key

ideas" (or "basic ideas") that constitute the "structure" of
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a subject matter. The meaning of key ideas not only denotes
what science teachers should teach, but also implies what
science teachers should know in order to teach.

The first scholar who marked a landscape in the meaning
of key ideas was Jerome Bruner through the phrase
"gtructure® in his The process of education (Bruner, 1961).
A structure is said to be constituted by the basic ideas
(concepts, principles, or laws) that lie at the heart of a
discipline. These basic ideas should be determined by
distinguished scientists who work at the frontiers of their
disciplines. Bruner (1961) believed that "intellectual
activity anywhere is the same, whether at the frontier or in
a third-grade classroom" (p. 14), and that "any subject can
be taught effectively in some intellectually honest form to
any child at any stage of development" (p. 33). Accordingly,
from the perspective of Bruner, it is unnecessary to make a
distinction between key ideas in teaching science for school
students and key ideas in the intellectual disciplines of
science.

Joseph Schwab was another scholar who set the meaning
of key ideas in which others thereafter moved through the
phrases "substantive structure" and "syntactic structure®. A
substantive structure is said to be constituted by the
concepts or principles which play the role of guide to the
inquiry in the disciplines of science. A syntactic structure

is said to be formed by methods, canons of evidence, and
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warrantability in the inquiry (Schwab, 1964). Again, no
explicit distinction is made between key ideas in the
intellectual disciplines of science and key ideas in
teaching science for school students. From Schwab’s point of
view, key ideas in teaching science for school students are
drawn directly from the key ideas that compose the
substantive and syntactic structures of the disciplines of
science.

The phrase "structure" has not only shaped the meaning
of what science teachers should teach, but also fashioned
the discourse about what science teachers should know. It
has been proposed that in order to teach a subject, teachers
need to know about the substantive and syntactic structures
of the academic discipline of that subject (see Shulman,
1986; 1987; Wilson, Shulman, & Richert, 1987; Grossman,
Wilson, & Shulman, 1989; Wilson, 1988; & Grossman, 1990).
But how does teachers’ knowledge of the structures differ
from the kind of understanding developed by subject-matter
specialists? In teaching science at the elementary or
secondary level, teachers are not scientists, but rather
teachers of science. They need to understand the structures
in the discipline differently than scientists do.l! There is
a lack of distinction between key ideas in teaching school

science and key ideas in the discipline of science in

1 Kennedy (1989a) believed that teachers need to know
subject-matter knowledge differently than others (e.qg.,
mathematicians, scientists or historians).
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scholarly discourse about what teachers should know.

The research questjons

This study investigated the distinction between key
ideas in teaching school physics and key ideas in the
intellectual discipline of physics through addressing two
questions:

1. How do key ideas in teaching school physics differ
from those in the discipline of physics?

2. Why do key ideas in teaching school physics differ
from those in the discipline of physics of physics?

By key ideas in teaching school physics, I mean the
concepts or prin:ciples that are essential for school
students of a particular age to understand a particular
physics topic. By key jdeas in the discipline of physics, I
refer to the concepts or principles that are essential for
scientists or physicists to understand that topic.? I
believe it is very important to draw a distinction between
key ideas in teaching school physics and key ideas in the
discipline of physics. For one thing, key ideas in teaching

school physics are usually different from key ideas in the

2 In this study, key ideas in teaching school physics
or in the intellectual discipline of physics are more about
the substantive dimension of knowledge (Schwab, 1964).
Although I focus on the substantive dimension of key ideas,
I also examine the syntactic dimension of key ideas (Schwab,
1964) through addressing an epistemological issue: how are
key ideas formulated or developed? Indeed, Phillips and
Soltis (1991) argued that the substantive and syntactic
dimensions of knowledge are inseparable.
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discipline of physics. Newton’s 2nd law for high school
students can be stated as "The change in motion of an object
is proportional to the applied force and inversely
proportional to the mass" (AAAS, 1993, p. 91) and can be
represented by "F=ma". In the discipline of physics,
Newton’s 2nd law can be stated as "the time-rate-of-change
of a quantity called momentum is proportional to the force"
and can be represented by "F=d/dt P" (Feynman, Leighton, &
Sands, 1989, p. 9-1). By using the concept "the time-rate-
of-change of momentum" or the equation "F=d/dt P", the
meanings of Newton’s 2nd law in the discipline have been
qualitatively transformed as well as quantitatively
enriched.? For another, as I will discuss in the following,
key ideas in teaching school physics are a form of
pedagogical content knowledge that can set physics teachers

apart from non-teaching physicists.

Key ideas in teaching (school physics) and pedagogical
content knowledge

My assumption that key ideas in teaching (school
physics) constitute a component of pedagogical content
knowledge is supported by Shulman & Sykes (1986) and Prawat
(1989a; 1989b). Shulman & Sykes (1986) believe that

3 wF=ma" can only applied the objects whose velocities
must be small compared with the velocity of light and whose
masses must be constant. "F=d/dt P" are applicable to the
objects whose velocities can be near to the velocity of
light, and whose masses can be in constantly change.
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pedagogical content knowledge involves an understanding of
key ideas (core concepts, skills, and attitude) which are
essential in teaching students of a particular grade level,
an understanding of students’ learning difficulties or
preconceptions, and an understanding of pedagogical
representations:
understanding the central topics in each subject
matter as it is generally taught to children of a
particular grade level and being able to ask the
following kind of questions about each topic: What
are core concepts, skills and attitudes which this
topic has the potential of conveying to
students?....What are the aspects of this topic
that are most difficult to understand for
students? What is the greatest intrinsic interest?
What analogies, metaphors, examples, smiles,
demonstrations, simulations, manipulations, or the
like, are more effective in communicating the
appropriate understandings or attitudes of this
topic to students of particular backgrounds and
prerequisites? What students’ preconceptions are
likely to get in the way of learning? (p. 9)
Prawat (1989a) believed that key ideas in teaching a given
topic to students at a particular age are a substance of
pedagogical content knowledge. He argued that key ideas in
teaching possess the potential of promoting the
accessibility of content to learners (Prawat, 1989Db).
However, my examination of empirical research of
pedagogical content knowledge in science and in other
subject areas reveals that few studies have been done to
investigate the nature of key ideas in teaching as a
component of pedagogical content knowledge. Most research

concentrates on examining three other components of
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pedagogical content knowledge: pedagogical representations,
instructional strategies, and students’ preconceptions.
Let’s take a close look at three empirical studies about
science teachers’ pedagogical content knowledge (i.e., Smith
& Neale, 1989; Geddis, Onslow, Beynon, & Oesch, 1993;
Clermont, Borko, & Krajcik, 1994).

One of the purposes of Smith & Neale’s (1989) study was
to document the pedagogical content knowledge ten primary
teachers brought with at the beginning and how their
knowledge changed as they participated in a summer program
that focused on conceptual teaching. Smith & Neale defined
pedagogical content knowledge as "translation and
interpretation of content during teaching" which included 1)
strategies for teaching content ("eliciting students’
preconceptions and predications about phenomena," "asking
for clarification and explanation," “providing discrepant
events,” "encouraging debate and discussion about evidence,"
and "clearly presenting alternative scientific
explanations"); 2) shaping and elaborating the content ("the
teacher’s use of examples, good explanations, metaphors,
analogues, and representations"). Through interviewing and
videotaping of the teaching of two science topics, "light*
and shadow," and having teachers keep reflection logs, Smith
& Neale showed that few teachers possessed knowledge of
students’ concepts, knowledge of conceptual change teaching

strategies, and knowledge of examples and representations



8
for the topics at the time they came to the program. They
also showed that as teachers began to develop knowledge of
students’ concepts in the program, three teachers made
significant progress in their use of the conceptual change
teaching strategies.

Geddis, Onslow, Beynon, & Oesch (1993) explored the
"unity" of pedagogical content knowledge through
investigating the teaching of "isotopes" at the high school
level conducted by two student teachers. They defined
pedagogical content knowledge as "knowledge that plays a
role in transforming subject matter into forms that are more
accessible to students". This knowledge includes "student
misconceptions," "strategies for altering misconceptions,®
and "alternative representations." Based upon field notes of
their classroom teaching, and audio-recorded and transcribed
interviews with the two student teachers and their
cooperating teachers, Geddis et al. articulated four
categories of pedagogical content knowledge: "learners’
prior knowledge," "effective teaching strategies," alternate
representations of the subject matter" (models, analogies,
examples, and demonstrations), and "curricular saliency"
that was about "the importance of various topics related to
the curriculum as a whole" (p. 588).

The purpose of Clermont, Borko, & Krajcik’s (1994)
study was to investigate the nature of pedagogical content

knowledge of experienced and novice science teachers with
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respect to a single teaching strategy, demonstration
teaching. They defined pedagogical content knowledge as "a
blend of content and pedagogy that provides teachers with an
understanding of how particular subject matter topics,
problems, and issues are organized, represented, and adapted
to the diverse interests and abilities of learners, and then
presented for instruction" (p. 419). Seven novice and five
experienced teachers participated in the study. Clermont,
Borko, & Krajcik (1994) first showed each teacher two
videotaped demonstrations, and then conducted a clinical
interview (including a think-aloud, critical-stop task, and
a follow-up semi-gtructured interview) to elicit his/her
pedagogical content knowledge with respect to the
demonstration teaching of two basic concepts in chemistry,
"density" and "air pressure". They found that experienced
teachers possessed a much broader and richer set of mental
representations for demonstrating the two topics, and
demonstrated greater ability to critique videotaped
demonstrations than novice teachers did.

Evidently, researchers in these three studies tended
not to treat key ideas in teaching--both conceptually and
empirically--as a component of pedagogical content

knowledge.? Examination of empirical research in other

4 1t is worth pointing out that key ideas in teaching
haven’t received attention in empirical studies about
science teachers’ content knowledge as well. Most research
concentrates on unveiling science teachers’ in-depth
disciplinary understanding of a particular topic in science,
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subject areas also indicates this trend. Researchers
concentrated their investigation on pedagogical
representations (e.g., analogies, examples, models,
metaphors) (e.g., Wilson, Shulman, & Richert, 1987; Ball,
1988; Barnett, 1990; Marks, 1991); instructional strategies
(e.g., lecture, discovery teaching, conceptual change
teaching) (e.g., Wilson, Shulman, & Richert, 1987; Barnett,
1990; Marks, 1991), or students’ preconceptions (e.g.,
Carpenter, Fennema, & Peterson, 1988).

The failure of conceptualizing key ideas in teaching as
a component of pedagogical content knowledge would lead to a
flawed assertion that school teachers represent key ideas in
a academic discipline to elementary or secondary school
students through employing pedagogical content knowledge
(i.e., mainly alternative representations)--again, a
confusion of key ideas in teaching a school subject with key
ideas in a scholarly discipline. In a critique of the idea
of pedagogical content knowledge,s McEwan & Bull (1991)

interpreted pedagogical content knowledge as a command of

rather than science teachers’ understanding the topics in a
context of teaching it to students of a particular age.
(e.g., Carlsen, 1987; 1988; Hashweh, 1985; Smith & Neale,
1989; Tobin & Carnett, 1988; Happs, 1987; Tobin, 1987)

5 on epidemiological grounds, McEwan & Bull (1991)
rejected Shulman’s idea based upon through concluding that
it is unnecessary and untenable to distinguish content from
pedagogical content knowledge. This critique is absurd
because they had misinterpreted and misrepresented the idea
of pedagogical content knowledge (PCK itself has an
inseparable content component).
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alternative representations and special skills in selecting
and adapting these representations. Accordingly, they
perceived the criterion for distinguishing teachers from
scholars as that teachers are capable of representing
scholarly subject matter (or key ideas in the scholarly
disciplines) to young students through alternative

representations and scholars aren’t.

The significance of this study
This study seeks to clarify the distinction between key

ideas in teaching school science and key ideas in the
scholarly disciplines of science through describing and
explaining the differences between the key ideas in teaching
certain physics topics for high school students and the key
ideas in teaching the same topics for prospective physicists
or scientists. This distinction, as already illustrated, is
very crucial and yet largely ignored in scholarly discourse
about what science teachers should teach as well as what
science teachers should know. By focusing on investigating
this distinction, I believe this study could be a
significant contribution to our understanding of what
science teachers should teach and what science teachers
should know. More specifically, this study had the potential
of addressing three issues which evolved--explicitly and
implicitly--from above discussion of the problem:

1) Can any idea in the intellectual discipline of
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physics be taught to anybody of any age?

2) Is knowing the structures of the academic discipline
of physics sufficient for physics teachers to teach school
physics?

3) In what sense do key ideas in teaching school
physics constitute a component of pedagogical content

knowledge?

e diss

The dissertation contains seven chapters. Chapter one
provides an introduction of the study problem and the
research questions.

Chapter two develops a conceptual framework which is
based upon Dewey’s idea about psychologizing subject matter
and Harre’s theory of referential realism.

Chapter three is about the design of this study. It
includes three components: 1) a case study of two high
school experienced physics teachers; 2) a contrast of the
key ideas in teaching the three topics, color, the speed of
light, and l1ight interference, at the high school level with
the key ideas in the discipline; and 3) interviews with the
two physics teachers and two optics professors.

Chapter four presents the findings about the key ideas
in teaching the three topics based on the case study of the
two experienced physics teachers.

Chapters five provides the findings about how the key
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ideas in teaching the three topics at the high school level
differ from those in the discipline of physics.

Chapter six develops an explanation of why the key
ideas in teaching color, the speed of light, and 1light
interference at the high school level differ from those in
the discipline, in light of purposes of teaching, knowledge
background or experience of learners, and ways of selecting
and formulating key ideas in textbooks.

In chapter seven, this dissertation concludes with
establishing three claims and discussing their implications
for research on science teachers’ pedagogical content
knowledge, science teacher education, and construction of a

science curriculum.



Chapter 2
A CONCEPTUAL FRAMEWORK

The main purpose of this dissertation study, as I have
indicated, is to investigate the nature of key ideas in
teaching school physics through describing and explaining
the differences between key ideas in teaching school physics
and key ideas in the intellectual discipline of physics. Why
do key ideas in teaching school physics differ from those in
the discipline of physics? What might account for the
differemces between key ideas in teaching school physics and
key ideas in the intellectual discipline of physics? How can
I describe, interpret, and compare key ideas in teaching
school physics and in the discipline of physics?

To address these questions, I discuss the theoretical
underpinnings of the dissertation: Dewey’s idea about
psychologizing subject matter and Harre’s theory of
referential realism. I first examine Dewey’s idea about
psychologizing subject matter. Two propositions about why
key ideas in teaching school physics differ from key ideas
in the discipline of physics are developed from this
examination. Next I discuss Harre’s theory of referential
realism to derive two propositions about different types of
scientific theories and their ways of theorizing. Finally, I
argue that these four propositions constitute a useful
conceptual framework that enable me to describe, interpret,

compare, and explain the differences between key ideas in

14
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teaching school physics and key ideas in the intellectual

discipline of physics.

Dewey’s jdea about psychologizing subject matter

Why do key ideas in teaching school physics differ from
those in the discipline of physics? To address this issue, I
examined Dewey’s idea about psychologizing subject matter.
Dewey was the first scholar who made a distinction between
subject-matter knowledge for a science teacher and subject-
matter knowledge for a scientist. In "The Child and the
Curriculum," Dewey (1902) wrote,

Every study or subject thus has two aspects: one
for the scientist as a scientist; the other for
the teacher as a teacher. These two aspects are in
no sense opposed or conflicting. But neither are
they immediately identical. For the scientist, the
subject-matter represents simply a given body of
truth to be employed in locating new problems,
instituting new researches, and carrying them
through to a verified outcome. To him the subject-
matter of the science is self-contained. He refers
various portions of it to each other; he connects
new facts with it. He is not, as a scientist,
called upon to travel outside its particular
bounds; if he does, it is only to get more facts
of the same general sort. The problem of the
teacher is a different one. As a teacher he is not
concerned with adding new facts to the science he
teaches; in propounding new hypotheses or in
verifying them. He is concerned with the subject-
matter of science as representing a given stage
and phase of the development of experience. (pp.
200-201)

According to Dewey (1902), subject-matter knowledge for
a science teacher should entail the "psychological aspect of
experience." This aspect stands for subject matter in

relation to learners. It reflects the historic development
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of subject matter. It "follows its [subject matter] actual
growth; it is historic; and notes steps actually taken, the
uncertain and tortuous, as well as the efficient and
successful" (pp. 197). Subject-matter knowledge for a
scientist, on the other hand, represents the "logical aspect
of experience." This aspect stands for scholarly subject-
matter knowledge which is characterized by a body of
*"finished" outcomes. It "neglects the process and considers
the outcomes. It summarizes and arranges, and thus separates
the achieved results from the actual steps by which they
were forthcoming in the first instance" (pp. 197).

Subject-matter knowledge for a science teacher results
from psychologizing subject matter--that is, translating
scholarly subject-matter knowledge into forms that are
within the experiential world of learners of a given age,
and that can foster their growth toward mastery of that
subject matter. As Dewey wrote,

....His [the teacher’s, added] problem is

that of inducing a vital and personal

experiencing. Hence, what concerns him, as

teacher, is the ways in which that subject

may become a part of experience; what there

is in the child’s present that is usable with

reference to it; how such elements are to be

used; how his own knowledge of the subject-

matter may assist in interpreting the child’s

needs and doings, and determining the medium

in which the child should be placed in order

that his growth may be properly directed. He

is concerned, not with the subject-matter as

such, but with the subject-matter as related

factor in a total and growing experience.

Thus to see it is to psychologize it. (pp.
201)
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Furthermore, Dewey (1902) believed that psychologizing is
characterized by two translations--a translation into the
experience from which subject matter is derived, and a
translation into the experience which is meaningful for and
can be experienced by the child:

Hence the need of reinstating into experience the

subject-matter of the studies, or branches of

learning. It must be restored to the experience

from which it has been abstracted. It needs to be

psychologized; turned over, translated into the

immediate and individual experience within which

it has its origin and significance. (pp. 200)

As a special kind of subject-matter knowledge for a
physics teacher, key ideas in teaching school physics should
represent the psychological aspect of experience. Key ideas
in the intellectual discipline of physics, on the other
hand, stand for the logical aspect of experience. Since key
ideas in teaching school physics or key ideas in the
discipline of physics refer to the fundamental concepts and
principles that constitute the structure of subject matter,
I distinguish between the psychological structure of subject
matter--that is represented by key ideas in teaching school
physics--and the loagical structure of a subject matter--that
is represented by key ideas in the discipline, in
corresponding to the psychological and logical aspects of
experience. This constitutes the first proposition of the
conceptual framework.

What might account for the differences between key
ideas in teaching school physics and key ideas in the
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intellectual discipline of physics? Knowledge backaround of
learners is perhaps the most fundamental factor. It

determines that the kinds of ideas (concepts or principles)
in school teaching and the ways of organizing these ideas
are distinguished from those in the scholarly discipline.
Dewey (1916) explained,

In fact, there are certain features of scholarship
or mastered subject matter--taken by itself--which
get in the way of effective teaching unless the
instructor’s habitual attitude is one of concern
with its interplay in the pupil’s own experience.
In the first place, his knowledge [scholarly
subject matter, added) extends indefinitely beyond
the range of the pupil’s acquaintance. It involves
principles which are beyond the immature pupil’s
understanding and interest. In and of itself, it
may no more represent the living world of the
pupil’s experience than the astronomer’s knowledge
of Mars represents a body’s acquaintance with the
room in which he stays. In the second place, the
method of organization of the material of achieved
scholarship differs from that of the beginner.

(pp. 183)

Furthermore, knowledge background or experience of school
students provides a referent for a science teacher in
"psychologizing" the subject matter (or ideas) into a
special kind which can be experienced by the students. As
Dewey (1902) wrote,

(Wlhat concerns him, as teacher, is the ways in
which that subject may become a part of
experience; what there is in the child’s present
that is usable with reference to it; how such
elements are to be used....He is concerned not
with subject matter as such, but with the subject
matter as a related factor in a total and growing
experience. Thus to see it is to psychologize it.
(pp. 197-201)

Another factor determining that key ideas in teaching
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school physics differ from key ideas in the intellectual
discipline of physics is purposes of teaching. why we teach
physics has an influence on what we believe about key ideas.
For the purpose of having school students develop a kind of
in-depth conceptual understanding in physics, an instructor
may emphasize teaching those concepts or principles that
constitute the building blocks of the discipline. In this
case, key ideas in teaching are more akin to the key ideas
in the discipline. However, for the purpose of having
students appreciate and interpret the natural phenomena in
their daily living, an instructor would concentrate on
teaching those concepts or principles which enable the
explanation of a variety of natural phenomena. If this is
the case, key ideas in teaching school physics might depart
greatly from those in the discipline. Purposes of teaching,
thus, imply the criteria for determining what ideas are
important in teaching physics.

The last factor I examine here, curriculums or
textbooks, appears to be less obvious. However, no matter
whether teaching physics for prospective physicists or for
high school students, textbooks occupy a very special place
in determining and influencing what key ideas are and how
these ideas are formulated. In the education of physicists
or scientists, textbooks are the base from which they learn
to practice their trade (Kuhn, 1970). What textbooks

represent are more akin to the logical structures of the
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subject matter. They only record "finished" scientific
achievements. The basic concepts or principles prospective
physicists need to know for a particular area (e.g., optics)
are summarized in a very precise, logical, and systematic
form through textbooks. For this typical role played by
textbooks in the education of physicists or scientists,
Thomas Kuhn (1970) offered a very insightful account which
is worth a lengthy quote:

«s+s+In these fields [contemporary natural
sciences, added] the student relies mainly on
textbooks until, in his third or fourth year of
graduate work, he begins his own research. Many
science curricula do not ask graduate students to
read in work not written specially for students.
The few that do assign supplementary reading in
research papers and monographs restrict such
assignments to the most advanced courses and to
materials tinat take up more or less where the
available texts leave off. Until the very last
stages in the education of a scientist, textbooks
are systematically substituted for the creative
scientific literature that made them possible.
Given the confidence in their paradigms, which
makes this educational technique possible, few
scientists would wish to change it. Why, after
all, should the student of physics, for example,
read the works of Newton, Faraday, Einstein, or
Schrodinger, when everything he needs to know
about these works is recapitulated in a far
briefer, more precise, and more systematic form in
a number of up-to-date textbooks? (pp. 165)

Like textbooks in the education of physicists, physics
textbooks for school students also specify what ideas
students need to know for each unit or chapter (cf, Merrill
physics and Conceptual physics). A school text is an
important resource for a physics teacher to know about what

key ideas are, and how these key ideas should be represented
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or formulated in teaching a particular topic to students at
a certain grade level. Lee Shulman (1986; 1987) argued that
textbooks are the "pharmacopeia" from which a teacher draws
key ideas, pedagogical representations, and instructional
sequences. Leinhardt & Smith (1985) believed that textbooks
provide an important resource for mathematics teachers to
identify mathematical principles and procedures, pedagogical
representations, and common students’ errors and
difficulties in teaching a particular topic for elementary
students.

A school physics text is written for students of a
particular age. The selection and formulation of key ideas
are often adapted to the knowledge background or experience
of the students. Therefore, in some degree, key ideas in a
high school text have been "psychologized" to high school
students. They are more akin to the psychological structures
of the subject matter as compared to the key ideas in a
college text for prospective physicists or scientists.

In what sense do the key ideas in high school physics
texts represent the psychological structures of the subject
matter as compared to the key ideas in college texts for
prospective physicists or scientists that stand for the
logical structures? Examining this issue, I believe, can
enhance our understanding of why key ideas in the teaching
of school physics differ from those in the intellectual

discipline of physics.
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It is important to keep in mind that any physics
textbook is authorized by individual persons, a group of
people, commission, or task force within a cultural context.
A textbook doesn’t determine what key ideas are, but the
authors of these textbooks do. The selection and formulation
of topics or key ideas in a text might reflect some sort of
inherent beliefs, values, or consensus of the culture. An
awareness of the influence of the cultural context within
which the text is enacted is needed for a proper
understanding the influence of a textbooks on the nature of
key ideas.

It is equally important to keep in mind that like
teaching practice in any other subject, physics teaching
exists within a cultural context which may influence how an
instructor thinks about the purposes of teaching, about the
role of knowledge background or experience of learners, and
about the role of textbooks in teaching. On the other hand,
what an instructor believes about purposes of teaching,
about the role of knowledge background or experience of
learners, and about the role of textbooks may reflect the
kinds of beliefs, assumptions, and values inherent in that
culture. Again, being aware of the influence of cultural
context within which teaching practice occurs is needed for
understanding what key ideas are and how key ideas are

formulated.

Taken together, I derive the second proposjition for
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this study: within a cultural context, purposes of teaching,
knowledge background or experience of learners, and
textbooks, each in a certain degree, determine the nature of
key ideas in teaching school physics and in the discipline
of physics (i.e., teaching physics for prospective
physicists or scientists). Accordingly, an examination of
these three factors allows me to explain why key ideas in
the teaching of school physics differ from those in the
intellectual discipline of physics.

The above two propositions are centered upon why key
ideas in teaching school physics differ from those in the
discipline of physics. They are developed primarily based
upon Dewey’s idea about psychologizing subject matter.
However, Dewey'’s idea alone is insufficient for addressing
how key ideas in the teaching of school physics differ from
those in the discipline of physics. Dewey didn’t provide a
theoretical explanation about scientific knowledge and
scientific practice in his writing about psychologizing
subject matter of science. What are the structures of
scientific knowledge? How is scientific knowledge
formulated? These are two epistemological issues essential
to the idea about psychologizing subject matter of science,
both of which I need to address before using the above two
propositions to investigate the differences between key
ideas in teaching school physics and key ideas in the

discipline of physics.
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In the next section, I first explain why I employ
Harre’s theory of referential realism as the epistemology.
Next I explain what Harre’s theory is and why Harre’s theory
can provide the kind of epistemology needed in this

dissertation.

Why Harre’s epistemology of science

Why do I use Harre'’s theory of referential realism as
the epistemology of science, instead of constructivist
epistemology which has already prevailed in the area of
science education? Below I present a review of two recent
critiques of constructivism--one by Phillips (1995) and
another by Osborne (1996)--which provides the context for my
justification of the adaptation of Harre’s epistemology in
this study. Following this review, I will explain what
Harre’s theory of referential realism is about. I will
derive two propositions from Harre’s theory which constitute
another part of the conceptual framework of this study.
Finally, I will explain why using Harre’s theory allows me
to avoid some pitfalls inherent in constructivist
epistemology.

In "The Good, the Bad, and the Ugly: The Many Faces of
Constructivism®, Phillips (1995) provided an excellent and
timely survey of the current brands of constructivism.
According to Phillips, the general idea shared by all

contemporary sects of constructivism can be summed up as



25
*human knowledge--whether it be the bodies of public
knowledge known as the various disciplines, or the cognitive
structures of individual knowers or learners--is
constructed":

These days we do not believe that individuals come
to the world with their "cognitive data banks"
already prestocked with empirical knowledge, or
with pre-embedded epistemological criteria or
methodological rules. Nor do we believe that most
of our knowledge is acquired, ready formed, by
some sort of direct perception or absorption.
Undoubtedly humans are born with some cognitive or
epistemological equipment or potentialities....
but by and large human knowledge, and the criteria
and methods we use in our inquiries, are all
constructed. Furthermore, the bodies of knowledge
available to the growing learner are themselves
human constructs--physics, biology, sociology, and
even philosophy are not disciplines the content of
which was handed down, ready formed, from on high;
scholars have labored mightily over the
generations to construct the content of these
fields, and no doubt "internal politics" has
played some role. (p. 5)

However, a pitfall inherent in variety of constructivist
epistemology is the "tendency towards relativism, or towards
treating the justification of our knowledge as being
entirely a matter of sociopolitical processes or consensus,
or toward the jettisoning of any substantial rational
justification or warrant at all" (p. 11-12). Phillips
believed that "any defensible epistemology must recognize--
and not just pay lip service to--the fact that nature exerts
considerable constraint over our knowledge-constructing
activities, and allows us to detect [or eject] our errors
about it." (p. 12)

In "Beyond Constructivism,® Jonathan Osborne (1996)
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offered a comprehensive and insightful critique of
constructivism in science education. He distinguished
between two positions of constructivism: the radical
constructivist and the social constructivist. For the first
position, Osborne argued that it inherits the tendency of
blurring the relationship between scientific knowledge and
natural reality:

This position of the radical constructivist is
essentially that of the instrumentalist...theories
are merely portrayed as convenient devices for
describing phenomena and connecting one set of
events with another. They are best understood as
useful fictions which bear no necessary
relationship with reality and one idea is
considered better than another only if it is more
useful calculating and predictive device. (p. 57)

Furthermore, he argued that radical constructivist replaces
the notion "truth® with the concept "viability," but fails
to elaborate any criteria by which one scientific idea is
judged to be more "viable" than another. He wrote,

....Constructivism singularly fails to elaborate
any mechanism by which one theory can be consider
more "viable" than another. [Von] Glasersfeld
(1991) asks merely that we "try to develop a
theory which offers a relatively coherent
explanation" and that such theories are tested in
experiential world "where they either do or do not
do what they are claimed to do." The problem is
that many theories, including Ptolemaic astronomy,
would meet such criteria. Tobin, at least,
implicitly...recognizes that some theories are
more "elegant" than others but fails to elaborate
any criteria by which such judgements could, or
should, be made. (p. 58)

For the position of social constructivism, Osborne contended
that its overemphasis on the construction of scientific

knowledge through social discourse leads to the confusion
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between scientific knowledge and objects of scientific
knowledge themselves. He explained,

...the "things" of science are no longer entities

that populate a real world but the inventions of a

scientific discourse which are "imposed on the

phenomena." Hence it is not nature which limits

the scientific imagination but simply human

capabilities and their cultural and conceptual

tools which "reflect the cumulative wisdom of the

culture." Basically the confusion that occurs here

is to conflate ideas and objects, that is, to fail

to discriminate between the objects of the

discourse with the statements of the discourse.

The two are not the same, one exists and can be

experienced, often with the aid of

instrumentation, the other is a socially

negotiated construct. (p. 61)

Taken together, Osborne concluded that constructivism
is a "flawed epistemology" which is a misrepresentation of
science as it is practiced, because of 1) its tendency to
neglect the constraint imposed by the nature on the
construction of scientific knowledge; 2) its failure "to
distinguish between real and theoretical entities"; and
3)its failure "to elaborate any methodology of theory
adjudication."

I sympathized greatly with both Phillips and Osborne in
their assessment of constructivism. I was convinced by these
two critiques as well as the critiques launched by Sokal
(1996) and Weinberg (1996) that constructivist epistemology
in its radical configurations! misrepresents certain

important aspects of scientific knowledge and scientific

1 For example, the kinds of constructivist epistemology
articulated by Von Glasersfeld (1984), Barnes (1974), Collin
(1985), Longino (1993), and Harding (1993).
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practice. In my search for an alternative epistemology--an
epistemology that can reflect the true nature of scientific
knowledge and scientific practice and that can avoid the
above pitfalls inherent in constructivist epistemology--as
the frame for my dissertation study, I found Harre’s (1986)
referential realism. In the following, I first present an
overview of Harre’s theory. I next explain why using Harre’s

epistemology allows me to avoid the pitfalls.

’ stem 2

Harre’s referential realism is a defense against the
recent attacks on the trustworthiness of scientific
knowledge and on the moral hegemony of scientific practice.
According to Harre, there are three lines of attack. One
attacks the "certainty" of scientific knowledge. Critics see
that on the one hand scientific theories, practically
speaking, are substantially certain, but on the other hand,
scientists must be willing to revise and even to discard
their theories at the moment when experimental results set
against them. Another attack is launched by some
sociologists of science. They argue that the life of
scientists can be portrayed as "a career oriented power
struggle” and that scientific research is used by scientists
as "a main tool in their ruthless self-promotion and
careerism" (pp. 2). The third attacks the reliability of

scientific methods. Skeptics see the perennial difficulty of
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sustaining a claim to have a reliable scientific method for
the discovery of truth and for the elimination of falsehood,
with respect to a corpus of beliefs about the natural world.

In the eyes of Harre, this contemporary skepticism is
absurd. If the achievements of scientists are set against
those of any other facet of Western civilization, one can
hardly fail to be impressed by "the vast store of knowledge
that has been accumulated on almost every conceivable aspect
of the natural world and by the extraordinary stability and
rigid implementation of the scientific morality" (Harre,
1986, pp. 1). From his point of view, science is not only an
epistemological achievement, but also a moral achievement.
The scientific community exhibits "a model or ideal of
rational co-operation set within a strict moral order, the
whole having no parallel in any other human activity" (pp.
1) . Every scientific community enforces "honesty,"
"trustworthiness," and "good work" as standards in their
activities of scientific inquiry.

Harre perceived these attacks as a reaction to "“an
overblown form of realism." Many realists have based their
defenses of scientific realism on "the doctrine of
bivalence" (the principle that most scientific statements
are true or false by virtue of the way the world is). Harre
believed that such a principle "is far too strong and
vulnerable to attack." In defending science from the

attacks, he established a special form of realism--that is,
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referential realism--which, as he believed, is more akin to
the true nature of scientific practice and that lacks the
fatal feature possessed by other forms of realism. According
to Harre, instead of asking "Are the statements of this
theory true or false?" and doing one’s best within human
limitations to answer, scientists actually ask, "Do things,
properties, process of this sort exist?" and do their best
within human limitations to find exemplars. This position
shifts the locus of the argument about realism from “truth
or falsity" of statements to the question of the "existence
or nonexistence" of the entities discussed by scientists.

Underlying Harre’s referential realism is a basic
conviction: "many of the referring expressions that occur in
the theoretical discourses have referents in the world that
exist independently of human cognitive and practical
activity" (pp. 191). Harre argued that there are three types
of entities that we experience in the world which require
not a singular theory of science but a triadic one. Type 1
theories are cognitive objects with pragmatic properties.
They enable classification, explanation, and prediction of
observable phenomena. An example of a typical type 1 theory
is Classical Kinematics. Different kinds of motion can be
differentiated by reference to the concepts of velocity,
acceleration and so on.

Type 2 theories are cognitive objects with iconic

properties. They enable the representation of certain kinds
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of unobservable entities which can be made available to
human perceptions through experimentation. A typical type 2
theory is Physical Optics. The interaction of light waves is
an entity which can not observed by an unaided observer, but
they manifest many observable phenomena (e.g., interference
and diffraction) under certain experimental conditions.

Type 3 theories are cognitive objects with mathematical
properties. They enable the representation of the kind of
entities which cannot be observed by human beings. Typical
examples of type 3 theories include Special Relativity and
Quantum Field Theory.

Corresponding with these three theory-types, there are
three kinds of putative referents of substantive terms in
scientific discourse, relative to the possibilities of human
experience. For type 1 theories, scientists are committed to
the existence of phenomena which can be available to an
unaided observer. The referents of type 1 theories belong in
Realm 1, the realm of actual objects or common-sense
experience. The moon, the sun, and the Grand Canyon belong
in Realm 1.

For type 2 theories, scientists are committed, not only
to the ontology of Realm 1--that is, type 1 theory about
actual objects or common-sense experience--but also to
entities which are available to the amplified human sense
through necessary technology or experiments. The referents

of type 2 theories belong in Realm 2, the realm of possible
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objects of experience. Their certification as part of the
real furniture of the world depends on the availability of
the necessary technology or experiment. Electromagnetic
waves, atoms, and electrons belong in Realm 2.

For type 3 theories, scientists are committed not only
to the ontologies of Realms 1 and 2, but also to entities
which could not become phenomena of human observers. The
referents of type 3 theories belong in Realm 3, the realm of
beings beyond all possible experience. Quantum states and

naked singularities belong in Realm 3.

Table 2.1 - Three types of scientific theory and three
realms of human experience.

Functions

Entities

Realms of
human
experience

Realm 1:
common-
sense
experience

Observable
phenomena

classification,
explanation,
and prediction

Realm 2:
possible
technologic
ally aideqd,
sense-
experience

Unobservable
mechanisms
with direct
empirical
evidence

Representation,
explanation,
and prediction

Realm 3:
beyond
common-
sense and
possible

experience

Mathematical
beings with
no direct
empirical
evidence

Representation,
explanation,
and prediction

I use Table 2.1 to summarize three types of scientific
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theories and their corresponding three realms of human
experience. This constitutes the third proposition of my
conceptual framework.

Using Harre’s epistemology in my dissertation allows me
to avoid the pitfalls inherent in constructivist
epistemology about scientific knowledge. What Harre’s
epistemology reveals to us, first of all, is that scientific
discourse is not merely a human construction; scientific
discourse is about a world independent of human material and
cognitive practice. Realm 1, the realm of actual human
experience, is indeed a part of the natural world, and not a
mere representation of it. As Harre wrote, "We do touch, see
physically operate with and upon things, constituents of a
world that exists independently of ourselves,® and "In
describing things and events we perceive, we are talking
about the things and events of a world independent of our
perceptual systems." (pp. 169)

Secondly, Harre’s theory clearly indicates that
scientific discourse is bounded by the real would.
Scientists, whether working on the frcntiers (realm 3) or
working in the areas of normative science (realm 2), are
committed to realm 1 ontology. In a real sense, Harre'’s
epistemology highlights the constraints imposed by the
natural world in the construction of scientific knowledge,
and clarifies the relationships between scientific knowledge

and the natural reality, both of which are neglected or
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bewildered by radical and social constructivists.

Furthermore, Harre’s epistemology shows that scientific
discourse is grounded in material practice, rather than in
propositions and statements. Since majority of scientific
theories belong to type 1 or type 2, and type 1 and type 2
theories are the primary focus of this dissertation, below I
examine the ways of theorizing in Realm 1 and 2 discourses
to illustrate how scientific discourse is grounded material
practice. The ways of theorizing in Realm 1 and Realm 2
discourses will constitute the fourth proposition of my
conceptual framework.

According to Harre, theorizing in Realm 1 and 2
discourses involves the use of a "analytic analogue" and a
“source analogue." A analytic analogue is a set of
classificatory categories or schemes by which scientists
make the world of human perceptual experience manifest
patterns of various kinds of order. For the type 1 theories
about color, for instance, "the combination of white light,"
"gecondary colors," "primary colors," "reflection,"
"absorption," "transmission" constitute the analytic
analogue. Through this analytic analogue, our common-sense
experience about color can be differentiated into "color by
reflection," "color by transmission," "color mixing by
subtraction," and "color mixing by addition."

A source analogue is the theoretical model from which

scientists draw concepts for representing a type 2 entity
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(i.e., an unobservable process or mechanism or constitution)
that cause the observed patterns revealed by realm 1
discourse. Through the use of source analogues, scientists
push their imagination beyond human perpetual experience in
a disciplined way. The electromagnetic model and the quantum
model of light can act as the source analogues for type 2
theories about color. Theoretically, by using these two
models, scientists can develop representations for the
interaction of light waves with the electrons and atoms in
materials that cause "color by reflection," "color by
transmission," "color mixing by subtraction," and "color
mixing by addition."

The union of analytical analogue and source analogue in
realm 1 and realm 2 theorizing reveals an ontological
continuity and progression from Realm 1 (human actual
experience) to Realm 2 (human possible experience). Realm 1
discourse is grounded in the physical world, and realm 2
discourse is grounded in Realm 1 discourse. Furthermore,
scientific experiments play two essential roles in the
development of realm 2 discourses. On the one hand, through
experiments, scientists unveil some patterns in the physical
world which otherwise are unavaiiable to or are unnoticed by
our human eyes. The patterns become the base upon which
scientists developed their conjectures for realm 2 entities
which are responsible for the patterns. Thomas Young

proposed his hypothesis that light is a wave of almost
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unimaginably small wavelength based upon his famous light
interference experiment which demonstrated wavelike
properties of light convincingly.

on the other hand, scientific experiment is the final
judge for the acceptance of a type 2 theory by the community
of scientists. A type 2 theory is accepted by the scientific
community under the condition that some observable phenomena
of the Realm 2 entities predicted by the type 2 theory
itself can be discovered through scientific experiments.
Maxwell’s theory of electromagnetic field (i.e., Maxwell’s
equations) was accepted by the physicists’ community only
after his prediction about electromagnetic radiation was
verified by Hertz in 1888. Hertz’s important discovery
completely bore out Maxwell’s prediction and was accepted as
evidence for the validity of Maxwell’s equations. These two
critical roles played by scientific experiments in the
development of scientific discourse are captured nicely by
Feynman (1995) in his "the principle of science":

The principle of science, the definition,

almost, is the following: The test of all

knowledge is experiment. Experiment is the solo

judge of scientific "truth." But what is the

source of knowledge? Where do the laws that are to

be tested come from? Experiment, itself, helps to

produce these laws, in the sense that it gives us

hints. But also needed is imagination to create

from these hints the great generalization--to

guess at the wonderful, simple, but very strange

patterns beneath them all, and then to experiment

to check again whether we have made the right

guess. This imagining process is so difficult that

there is a division of labor of physics: there are

theoretical physicists who imagine, deduce, and
guess at new laws, but do not experiment; and then
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there are experimental physicists who experiment,
imagine, deduce, and guess. (pp. 2)

The ways of theorizing in Realm 1 and Realm 2

discourses can be summarized in Figure 2.1. The development

Acton Reveal caused by

Analytic analogues-——->Common-sense experiences——>observable pattemns4-—an unknown entity

(process, mechanismy
Dr const )

representations

Realm 1 Experiments A

Realm 2 source
analogue

Figure 2.1 - Theorizing in Realm 1 and Realm 2 discourses

of Realm 1 and 2 discourses involves the joint use of
analytic analogue and source analogue. Scientific Realm 2
discourse is grounded in the natural world and in material
practice because of the ontological continuity and
progression from Realm 1 to Realm 2, and because of
essential roles of scientific experiments in the production
and verification of scientific knowledge. Therefore, theory

adjudication is not merely a "sociopolitical process." The
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neglect of the ontological commitment and material practice
by radical and social constructivists leads to their failure
to elaborate any methodology of theory adjudication in the

construction of scientific knowledge.

A_conceptual framework

I have derived four propositions from the above
discussion of Dewey’s idea of psychologizing subject matter
and Harre’s theory of referential realism. The conceptual
framework for this study is constituted by these four
propositions:

1. Given a physics topic, key ideas in the teaching of
school physics represent the psychological structure of
subject-matter knowledge--that is, the structure that
follows the historic development of subject-matter
knowledge, and that are centered around the experiences of
learners. Key ideas in the intellectual discipline of
physics, on the other hand, stand for the logical structure
of subject-matter knowledge-~-that is, the structures that
are characterized by a body cf finished achievements.

2. Within a cultural context, purposes of teaching,
knowledge background or experience of learners, and
textbooks, each in varying degree, determine what the key
ideas are and how these ideas are formulated in the teaching
of school physics and in the intellectual discipline of
physics.
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3. Key ideas in the teaching of school physics or in
the intellectual discipline of physics can be categorized
into three theory-types, the referents of which are relative
to the possibilities of human experience. Type 1 theories
enable constitution, classification, and p:ediction of
observable phenomena. The referent of type 1 theories belong
in Realm 1, the realm of actual objects of human experience.
Type 2 theories enable the representation of a certain kind
of unobservable entities which can only be made available to
human perceptions through experimentation. The referent of
type 2 theories belong in Realm 2, the realm of objects of
possible experience. Type 3 theories enable the
representation of the kind of entities which cannot be
observed. The referents of type 3 theories belong in Realm
3, the realm of objects beyond all possible experience.

4. The development of realm 1 discourse (or type 1
theories) involves the use of analytical analogues, and the
development of realm 2 discourse (or type 2 theories)
involves the use of source analogues. Realm 1 discourse is
grounded in the physical world. Realm 2 discourse is
developed based upon realm 1 discourse and scientific
experiments.

Now I turn to justify why these four propositions
constitute an appropriate and useful framework for
examining and explaining the differences between key ideas

in the teaching of school physics and key ideas in the
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intellectual discipline of physics.

First of all, the third and fourth propositions enable
me to describe and interpret how key ideas in teaching
school physics differ from those in the intellectual
discipline of physics in a revealing and systematic fashion.
We all agree that key ideas in the intellectual discipline
of physics tend to be more "abstract" than key ideas in
teaching school physics. What does "being more abstract"
truly mean? How can we compare the "abstractness" of key
ideas in teaching school physics #nd in the intellectual
discipline of physics? The third proposition suggests that
the "abstractness" can be indicated in the theory-types of
the ideas and their corresponding realms of human
experience. The third proposition suggests that the
"abstractness" can be reflected in the analytical analogues,
source analogues, empirical evidences, and scientific
experiments involved in formulating the ideas.

Secondly, the second proposition, along with the first
and fourth proposition, enable the explanation of why key
ideas in teaching school physics differ form those in the
discipline of physics. As indicated in the second
proposition, purposes of teaching, knowledge background or
experience, and textbooks are three determining factors in
the nature of key ideas in teaching school physics and in
the discipline of physics. The first and fourth propositions

has important implications for each of these factors in
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determining what the key ideas are and how key ideas should
be formulated in teaching school physics and in the
discipline of physics.

Purpose of teaching. The purposes of teaching determine
the theory-types of key ideas in teaching. For the purpose
of making physicists or scientists, teaching in the
discipline of physics would emphasize type 2 or 3 ideas
(concepts or principles), because the majority of
fundamental concepts or principles in the intellectual
discipline of physics belongs to type 2 and 3 theories. On
the other hand, for the purpose of preparing high school
graduates, teaching at the high school level probably focus
more on type 1 ideas (concepts or principles), because they
can provide students with the important foundation for the
their subsequent learning of type 2 and type 3 ideas, and
because they enable students to explain and interpret the
natural world.

Knowledge background of learners. The knowledge
background or experience of school students is the referent
for the process of restoration of key ideas in the
disciplines into key ideas in teaching. It determines what
the theory-types of key ideas are as well as how the key
ideas are formulated. For prospective physicists and
scientists who have had solid background in advanced physics
and mathematics, they can straightforwardly learn type 2 and

type 3 ideas, and do experiments to verify the outcomes of
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some type 2 ideas. However, school students are unable to
learn type 2 and type 3 ideas in the fashion that
prospective physicists or scientists do, due to the nature
of their knowledge background or experience. Before learning
certain type 2 or 3 ideas, school students need to develop
their understanding of type 1 ideas--which provide a
necessary grounding for their understanding type 2 or 3
ideas--through observing a wide range of macroscopic
phenomena.

Textbooks. As indicated before, textbooks are the
resource of key ideas in teaching school physics and in the
discipline of physics. The key ideas in physics texts for
prospective physicists or scientists represent the
*finished" versions of scientific understandings. The
majority of ideas are at type 2 or type 3 level, and are
summarized in a very systematic and precise form. In this
sense, these key ideas stand for the logical structure of
subject-matter knowledge.

On the contrary, the majority of key ideas in a physics
texts for school students are at type 1 or type 2 level.
According to my preliminary analysis of the two high school
texts (i.e., Merrill physics and Conceptual physics), many
of the ideas in optics are more akin to the optical concepts
or principles that are important in the early stages of
development of scientists’ understanding about light. The

presentation and formulation of these ideas in the two texts
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reflect the logical progression in the development of
scientific discourse indicated in the fourth proposition:
Realm 2 discourse is developed based upon Realm 1 discourse,
and Realm 1 discourse is grounded in the physical world. In
this sense, the ideas in the two texts capture the kinds of
experience that are critical for the derivation of key ideas
in the discipline. They result from a "restoration" of the
key ideas in the discipline. In this sense, key ideas in the
two texts for school students stand for the psychological
structure of subject-matter knowledge.

In short, these four propositions constitute a
productive framework for investigating how and why key ideas
in teaching school physics differ from those in the
intellectual discipline of physics.



Chapter 3
DESIGN OF THE STUDY

This study was designed to investigate the nature of
key ideas in teaching school physics by contrasting the key
ideas in teaching three topics at the high school level with
the key ideas in the discipline of physics. Two questions
are central to the work: in teaching certain topics to high
school students, how do the key ideas in teaching school
physics differ from the key ideas in the discipline of
physics? And why do the key ideas in teaching school physics
differ from the key ideas in the discipline of physics.

The work was composed of a case study of two high
school experienced physics teachers, a contrast of the key
ideas in teaching the three topics at the high school level
with the corresponding key ideas in teaching the topics for
prospective physicists or scientists, and interviews with
the two physics teachers and two professors who are

specialized in the topics.
1. The case study of two high school experienced
physics teachers. The main purpose of the case study was to

reveal what the key ideas are, and how the key ideas are
formulated in teaching certain physics topics at the high
school level. I assumed that in teaching a particular
physics topic at the high school level, an experienced
physics teacher usually is more capable of focusing his or

her instruction on a limited set of key ideas than a novice
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a teacher is.! An experienced physics teacher has a sound
understanding of what key ideas are and why the ideas are
important in teaching the topic based upon his/her teaching
experience which Shulman (1987) called practical wisdom.
These two assumptions were the main reasons why I decided to
study experienced physics teachers.

The two high school teachers. The two teachers I
studied, Mr. Kennedy and Mr. Barnes (pseudonyms), had taught
high school physics for more than thirty years. They both
had a strong subject-matter background in physics. Mr.
Kennedy holds a B.S. in electrical engineering and a M.S. in
physics. Mr. Barnes has a B.S. in chemistry with a minor in
physics. He took graduate course works in advanced physics
while working on a M.A. in educational administration. The
excellence of their teaching was well recognized by their
school districts. Both of them were selected as the mentors
for novice physics teachers by a large university in
midwest. Mr. Kennedy was honored as the "master teacher" in
physics by the school district. Mr. Barnes had been one of
the finalists for the honorable title "The Most
Distinguished Physics Teacher in the State."

Rata collection and preliminary data analysis. My
observation of the two teachers’ teaching was divided into

two periods. From the beginning of February through the

lrhis assumption finds empirical confirmation from some
case studies of mathematics teachers (e.g., Leinhardt, 1988;
Leinhardt & Smith, 1985; Lampert, 1986).
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middle of April 1996, I observed Mr. Barnes’ teaching about
mechanical waves, sound waves, and light waves. From the
middle of April through the early of June 1996, I observed
Mr. Kennedy’s teaching of the same sequence. In each of my
visits to their classrooms, I took field-notes, collected a
copy of teacher handouts, and chatted with the teacher
occasionally. I also obtained a copy of the textbooks (i.e.,
Merrill Physics and Conceptual Physics) used by the two
teachers.

While data collection was going on, I was also doing
preliminary data analysis of what the key ideas were and how
the key ldeas were formulated in teaching some topics in the
chapter on "light" to high school students, through
examining the textbooks and writing expanded versions of
field-notes and analytic memos (see Miles & Huberman, 1994).
I was also comparing some of the ideas in teaching the
chapter on "light" with their parallel ideas in two Optics
texts for prospective physicists or scientists (i.e., Hecht
& Zajac, 1979; Klein & Furtak, 1986). The preliminary
analysis eventually led me to focus the study on three
topics: color, the speed of light, and light interference.

I decided to study the topic color because of my
interest in testing the hypothesis that color was an
important topic in teaching optics for high school students,
and yet was negligible in teaching optics for prospective

physicists or scientists. I raised this hypothesis from my
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personal experience in learning to teach color as a
beginning physics teacher in China. I was unable to teach it
even though I had one year of course work on Optics at the
college level. Examining the topic color, I believed, could
reveal a mismatch between what high school physics teachers
need to teach and what they learn from the academic
discipline of physics, and could deepen the understanding
about the nature of key ideas in teaching high school
physics.

My decision to study the topic the speed of light was
due to the surprise I had while watching the teaching of
this topic by the two experienced physics teachers. I was
amazed at the examples, analogies, and questions provided by
the two teachers in helping students make sense of "how fast
light can travel." However, in the academic discipline of
physics, the speed of light is normally taken as a given
physical constant. It occurred to me that holding a
bachelor’s degree in physics doesn’t guarantee that physics
teachers will able to truly convey "how fast light can
travel"® to high school students through examples, analogies,
and questions. Investigating this topic, I believed, could
contribute to my understanding about the kind of translation
from a key idea in the discipline to the key idea in
teaching school physics.

I was interested in examining the topic 1light

interference because of the sequence which teaching high
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school optics follows normally. Instead of using the
electromagnetic model of light as the starting point, the
teaching of high school optics starts with teaching "water
waves interference," "sound waves interference," and
eventually moves toward teaching "light interference."”
Exploring this topic, I believed, would allow me to
understand better how and why the formulation of key ideas
in teaching school physics differed from their formulation
in the intellectual discipline.

Analyzing key ideas in teaching. An in-depth analysis
of the key ideas in teaching the three topics was conducted
after completion of data collection. I first analyzed the
two high school texts to determine what the key ideas were,
and how these key ideas were formulated for each of the
three topics at the high school level. As already indicated
in chapter two, a high school text can be an important
resource for a high school physics teacher to determine what
the key idea are, and how the key ideas should be formulated
in teaching a particular topic to high school students. At
the end of each chapter each of the two high school texts,
Merrill Physics and Conceptual Physics, provides a chapter
review section. The ideas and concepts important in teaching
a particular topic are summarized through a set of
propositional statements, which provide good indicators
about the key ideas and their related concepts or terms for

each topic. To examine how these key ideas are formulated, I
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read each text over and over again with several specific
questions in mind: what are the theory-types of each of the
statements? What are the analytical analogues or source
analogues in formulating each idea? What is the empirical
evidence involved in the establishment of each idea? I also
analyzed the teaching objectives developed by each teacher.
Teaching objectives could also be good indicators because
they summarize what teachers want students to know.

I next analyzed the lessons on each of the three topics
taught by each teacher to determine what the key ideas were
and how these key ideas were formulated to high school
students. The unit of analysis for an individual lesson was
an instructional event or a series of instructional events
which was pertinent to teaching one specific idea. For each
event or a series of events, I constructed a vignette to
capture the idea the teacher sought to teach, the sort of
phenomena or mechanism that the idea explains, the
analytical analogue or source analogue, and empirical
evidence involved in formulating the idea. A set of
vignettes--each of which elucidated the teaching of one idea
within an individual lesson--could unveil what ideas each
teacher emphasized, how one idea was related to other ideas
or concepts, and how the ideas were conveyed to students.

For each case, I drew and verified the conclusions
about what the key ideas were and how the key idea were

formulated by triangulating various sources of evidence: the
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textbook, the lessons, the teacher’s handouts (e.g., the
objective sheets), and the teacher interviews (I discuss the

interviews with the two teachers in 3 below).

2. A contrast of the key jdeas in teaching the three
topic for high school students with the key ideas in the
discipline of physics. The question this comparison sought

to answer was, how do the key ideas in teaching the three
topics at the high school level differ from the key ideas in
the discipline? To uncover what the key ideas are and how
these key ideas are formulated in the discipline, I first
examined two optics textbooks which were written exclusively
for prospective physicists or scientists: Hecht & Zajac’s
(1979) Optics and Klein & Furtak’s (1986) Optics. I next
interviewed two optics professors to substantiate and refine
my understanding about the key ideas for the three topics
developed through my examination of the two texts (see 3
below for the interviews).

Hecht & Zajac’s Optics was recommended by the two
optics professors whom I interviewed. They both regarded it
as a "sound text" and used it as the only required text in
their optics courses. I selected Klein & Furtak’s Optics
because it was written not only as a text, but also as a
"general reference on the fundamentals of optics." As
already indicated in Chapter two, the ideas essential for
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