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Abstract. The crisis in physics education necessitates searching for new relevant meanings of
physics knowledge. This paper advocates regarding physics as the dialogue among discipline-
cultures, rather than as a cluster of disciplines to be an appropriate subject of science education.
In a discipline-culture one can distinguish elements of knowledge as belonging to either (1) central
principles and paradigms – nucleus, (2) normal disciplinary area – body of knowledge or (3) rival
knowledge of the subject – periphery. It appears that Physics cannot be represented as a simple
dynamic wholeness, that is, cannot be arranged in a single tripartite (triadic) structure (this result
presents a deconstruction), but incorporates several discipline-cultures. Bound together by family
similarity, they maintain a conceptual discourse. Teaching physics as a culture is performed in poly-
phonic space of different worldviews; in other words, it is performed in a Kontrapunkt. Implications
of the tripartite code are suggested with regard to representation of scientific revolutions, individual
conceptual change, physics curricula and the typology of students learning science.

1. Introduction

Besides the future engineers are other less numerous
pupils, destined in their turn to become teachers, and
so they must go to the very root of the matter; a pro-
found and exact knowledge of first principles is above
all indispensable for them (Poincaré 1903)

The epigraph serving as the starting point for the article represents the criticism
by Poincare, a prominent scientist at the beginning of the twentieth century. It
addressed the way science was (and still frequently is) taught. Poincare actually
recognized that the student population in science classes includes pupils whose
needs and interests vary. In particular, he claimed that:

– science instruction is commonly oriented towards students who will become
engineers;

– a different type of teaching is necessary for those who aim to become science
teachers;

– the scientific knowledge relevant to future teachers is different to that needed
by future engineers, being of higher conceptual quality and more oriented to
the fundamentals.
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It is important to realize that the subject matter knowledge required for teacher
training extends the expertise of many science practitioners. In fact, modern society
empowers a group of professionals possessing a new scientific discourse related
through multiple interdisciplinary texts with other scientific (also humanitarian)
discourses – “science teaching”. The latter is still in a stage of maturation (Redish
1999) or, as expressed in the title of this work, “in searching for its self”. To be
successful, science teaching, as an area of expertise, should realize the necessity
for conscious self-reflection.

It is recognized among science educators that scientists, although they are
frequently teachers themselves, often fail to consider science in an educational
perspective (e.g., DeBoer 1991). Matthews reflected this perception in the play
of words Time for Science Education (Matthews 2000) in the title of his recent
book. We do not address Science in general (a poorly defined concept), but the
stereotype of its representative image, held by university professors.1 Kuhn termed
this perception – “normal science” (after being himself a “normal” physicist at the
beginning of his career).

This paper addresses only two aspects of science (physics) education, viz.
“commonplace subject matter” and “commonplace learner” (Schwab 1964, pp. 4–
47). Regarding the former, many physicists, as well as physics teachers, believe
that all physics curricula should include certain topics and concepts, which are
regarded as “proper knowledge” (as used by “normal” scientists). However, it was
the reservation in brackets that prompted us to dispute the validity of this widely
accepted assertion with regard to education. In this context we will consider the
knowledge and not the texts or discourses that produce scientific knowledge. In-
deed, the current situation in physics education is that original texts normally do
not play any role in teaching; as it is well known, they are almost never included in
the bibliographies of general physics courses. Leaving aside discussion regarding
the necessity, or appropriateness, of using original texts for instruction, we will deal
here with the contents that constitute instructional resources that should be (in our
view) presented in physics instruction. We will consider their global organization,
their nature and the way of teaching physics as a discipline-culture rather than just
a discipline. Being expanded to “culture”, discipline possesses certain simple orga-
nization (structure), extremely useful for development of scientific curriculum. We
should also mention that despite the close subject and terminology, “structure of
the discipline” (e.g., Schwab 1964, 19782) or using this concept by Bruner (1960)
and Piaget (1968), the ideas of this study possess a different meaning due to their
actual and possible relations to a wider area of knowledge (discipline-culture), the
one including texts and discourses. The introduced here structure expresses, on the
first place, just this difference, essential for the area of science curriculum.

Importantly, the concept of discipline-culture emerged in the process of evalua-
tion of physics curriculum and seeking its improvement. That is we “contemplate”
physics in the perspective of its teaching. This presents a special and especially ef-
fective way of “cultural reflection”. Observing the introductory physics course not
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as a part of professional training, but as an important sub-culture, we seek the way
to integrate physics teaching into the education of Culture. Within this program,
we perceived a natural and rather simple way to consider basic physical theories
represented in their important features by a simple model, seemingly applicable
also to other scientific as well as non-scientific domains. This model might help
the physics teacher (and subsequently a student) to observe and attain a Gestalt of
the whole great area of the knowledge affiliated to physics, as a culture. At the same
time, we intended to remove the impenetrable wall established by the paradigm of
“Two cultures” (Snow 1961).

Pursuing this goal, we are different from the attempts of philosophers of
science3 who usually try to represent science as it is, and not as it is to be consumed
(that is studied). Thus, for instance, the model suggested by us will be less inclusive
than scientific programs of Lakatos (1970). We may mention a close similarity of
our approach to that of Duhem (1906/1954), who in his celebrated work addressed
the nature of science in a perspective of physics teaching. Our model promises to
be convenient for education, at least because it is useful and can represent other
“common places” of science education, by organizing them in a similar manner.
(This makes common places compatible and producing a system.) At the same time
the model we suggest is not trivial, possessing a high potential for the description
of fine features of scientific discourse: a dialogue between different theories, their
competition, crises of discourses, scientific revolutions etc.

The suggested representation of basic physical disciplines as “cultural whole-
ness” provides an opportunity to realize the limited validity of separation between
physics and chemistry. Such separation could make sense only if each of these
areas presented certain wholeness. We investigated this wholeness and performed
deconstruction (Derrida 1976) of this subject.

Among the implications of the approach we suggested (1) a new representa-
tion of scientific revolution, (2) a new representation of conceptual change of the
learner; (3) a new guiding principle in construction of physics curricula; and (4) a
new characteristic of physics students, currently considered in a simple dichotomy
of either able or unable to learn physics.

2. From a Discipline to a Culture

Physics disciplines (mechanics, electricity, etc.) belong
to inclusive discursive areas structurally similar to cul-
tures. One can arrive at such a perspective also through
a critical consideration of the present instruction of
physics.

2.1. HOW IS PHYSICS TAUGHT?

In schools and universities, physics is regularly taught
as an engineering discipline
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Even a brief review of contemporary textbooks used in universities, colleges and
high schools shows that physics is taught as a compendium of factual knowledge
delivered in a sequence of disciplines (mechanics, hydrodynamics, thermodynam-
ics, electricity, and so on). The subject matter is presented in the form of rules,
laws and principles, mathematically elaborated by formulas and equations, and
illustrated with experiments and representative examples. Well-structured math-
ematical formalism is used to train the application of the theory to problems. It
therefore should not surprise us that many physics educators consider the mas-
tering of mathematics as an indisputable premise of physics education. In many
universities the type of physics course is determined according to the mathematics
used: “calculus”, “algebra” and “conceptual” (without mathematics) (e.g., Hecht
1996a, b; Hewitt 1998). Furthermore, in most universities prospective physicists
and engineers study in the same classes, and are instructed in the same manner.
This is reflected in the titles of the textbooks (e.g., Giancoli 1988; Fishbane et al.
1993; Lerner 1996; Serway 1997; Tipler 1999).

2.2. DISCIPLINE AND CULTURE

Since physics discipline does not simply describe the
world but interprets it, it is appropriate to present
the former as some general wholeness – a discipline-
culture. Most of introductory physics courses do not fit
the contemporary conception of culture.

It is unlikely that the type of instruction described above will endow prospective
physicists with its “spirit”, values, nature and commitments. The appropriateness
of these facets of knowledge for prospective educators is especially obvious. Many
prominent physicists have indeed, expressed this view.4 In order to discover how to
educate people differently, one first has to clarify the nature of physics knowledge,
establishing its organization and conceptual hierarchy.

Each of the fundamental sciences (such as physics, chemistry and biology)
pretends to describe the whole world. In a sense, they create their own virtual
worlds. They produce statements regarding the nature of reality, adopt some and
reject others, which are regarded as non-disciplinary. This differentiation makes the
discipline non-neutral, because it distinguishes between the statements that belong
to it and those that do not. Some of those rejected do not, however, disappear; they
establish the horizon of the discipline.

What distinguishes between disciplinary and non-disciplinary knowledge? In
other words, what makes an aggregate of knowledge a discipline? That something
should be related to all of its components. That something is the structure of the
discourse (an arrangement of statements in a hierarchical and meaningfully related
manner) that establishes a discipline – this is a point well argued by Joseph Schwab
forty years ago (Schwab 1964).
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The meaning of the structure is provided by a group of unique elements that
can be called the center (Derrida 1967/1978). Practitioners often uncritically iden-
tify some of these elements of knowledge to be the disciplinary knowledge itself.
Such are the principles of symmetry, the requirement for in- and co-variance of
physical laws and concepts, causality, etc. The center includes the ideas, which
determine frames and angles of consideration, applied by the discipline explicitly
or tacitly. Such are, for instance, the ideas of absolute space and time in Newtonian
physics. We identify this unique and, in a sense, a priori unity as the nucleus of the
discipline.

Regarding the criteria of belongingness to the nucleus we might mention that
this apparently non-simple decision might be pragmatic. Indeed, our model is
suggested, first of all for the goals of teaching. It is the simplest model which
however succeeds in catching the important aspect of science, namely its being
a culture. For example, keeping as a goal school teaching of physics, we could
identify mechanics of 18th and 19th centuries with Newtonian mechanics, which
is an obvious simplification. The theories by Hertz, Kirchhoff and Mach were all
in critical opposition to the Newtonian theory. Even Galileo’s mechanics did not
coincide with Newtonian mechanics. To include these interesting and important5

approaches one should upgrade the initially simple idea of nucleus. One might
distinguish in it a core, shared by all mentioned theories, and segments that spec-
ify each from the theories. Thus, absolute time and space, rigid bodies (or point
masses), would belong to the core, whereas Newton’s first law could be located in
a nuclear segment, also incorporating Mach’s principle, etc.

To remain within a reasonable education format, one would refrain from intro-
ducing a different nucleus for each of the mentioned theories. Such a step might
be unavoidable with regard to the theories essentially incompatible with the New-
tonian one. Such were, for instance, the vortex theory of Descartes, Prigogine’s
theory including irreversibility, Vlasov’s theory of statistical nature, etc. We, how-
ever, will preserve our discussion within a simple model, since it appears to be
sufficiently beneficial for the considered goal.

For a given nucleus, all those scientific statements that are consistent with
its statements constitute the body knowledge of the discipline, while the others
(which genealogically, by subject or in other way) could be related to the nucleus,
but conflict with it, belong to the horizon, or periphery of the structure. There is
thus formed a super-disciplinary world which is consistent and ordered in itself,
although conflicts with the point of view of other “super-disciplines”. This leads us
to state that:

Any fundamental physical theory arranges all statements in a centralized
structure, a sort of quasi-culture, with its own values, language, conceptions,
norms, etc. This structure, like a cell, has a nucleus, body, and periphery.

Our perspective essentially extends the “living space” of physics, enabling us to
examine and accumulate a variety of conceptions; it provides a tool for formulating
in a simple way what constitutes physics. Within this perspective it becomes clear
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that the common method of instruction in physics focuses mainly, if not solely, on
the body-knowledge. Many practitioners identify physics with its body-knowledge,
displaying beliefs that philosophers regard as naïve (Bunge 1973, p. 4). Actually,
Thomas Kuhn’s notions of normal science and normal scientists (Kuhn 1956)
represent this phenomenon.

Some prominent physicists, such as Niels Bohr and his colleagues, held an-
other perspective. They considered the nucleus to be the most important subject
for research activity in physics. In fact, considering science in its development the
philosophy of science usually addresses the nuclear contents. Thus for Karl Popper
it is the paradigm of a nucleus which presents a subject for permanent analysis,
testing and refutation.

At all times in the history of science there have been enthusiasts (also prominent
scientists), who developed marginal approaches with respect to the prevailing para-
digm practiced by the majority of the scientific community. Thus David Bohm and
his followers developed their own interpretation of the quantum theory (e.g., Bohm
& Peat 1987, pp. 88–97), not accepted by the majority of practitioners who follow
the Copenhagen paradigm.6 Similarly, some of the works of Erwin Schrödinger
and Louis de Broglie belonged to the marginal areas of then contemporary physics.
Among philosophers of science, Paul Feyerabend ascribed great importance to the
development of ideas belonging, in our terms, to the periphery area of physics
disciplines (Feyerabend 1975).

The structure introduced by us might cause misinterpretation that we follow the
structuralist framework of thought with regard to science. In fact, our model does
not fit the structuralist dogma. Thus, the periphery zone of the organization, which
incorporates texts representing “other” views, essentially destroys the order pre-
scribed by structuralism. We do not argue for science as a systemized wholeness,
which is formed and develops by virtue of some intrinsic laws. The development
of a scientific theory, in our view, might be rather due to the dialogic interaction
with the theories of the periphery, not only (and might be even less) by virtue
of the dogma of the nucleus. Lacan could say that the development of science is
performed against the background of the “beliefs” of the “other”. Science cannot
exist without the “other”. Any scientific theory projects its beliefs on the other view
and vise versa; this is a dialogic interaction, instead of juxtaposition or succession
of two monologues. It may resemble an argument, debate between incompatible
theories. In fact, being isolated, any of the competing pair would be unable for
self-expression and production of the correspondent bulk of the normal knowledge.
Moreover, such normal knowledge, which results from the competition, appears
highly disordered (also at odds with structuralism), making it impossible to assume
an ordered knowledge even as an initial state. This endless interaction between
competitive and essentially different theories cannot be restricted to a mere external
disturbance of one for the other, but it is just their incompatibility that presents a
pledge for the permanent existence and development of science, incorporating both
competitors. By analogy, our discipline-culture is in relation to structuralist view on
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science (Piaget, 1968) similarly to the relation between the dialogic theory of per-
sonality of Lacan (1973) and the anthropocentric theory of individual development
of Piaget.

In our view, it is physics as a quasi-culture that should constitute a subject of
education. Students will study physics within the horizon of the texts (knowledge)
“observed” by physics, while realizing their status within the particular perspective.
The new approach makes explicit those indispensable elements that determine
physical knowledge but often remain implicit and deprived of attention they de-
serve. Studying physics begins to transform itself to a study of a culture. What
makes us closer to culture is the presence of the “Other” (other knowledge). What
allows us to talk about teaching physics as a Culture will be that we will present
physics not only as Knowledge, but also as a space of statements (views, theories)
of physicists, a discourse, and that is, as a Text.7

The results of the present day common focus on the “normal” area often dis-
appoints physicists with regards to students’ conceptual understanding.8 We may
proceed and say that the most probable product of teaching the “normal” knowl-
edge is a “normal” physicist. If so, this type of teaching approach contributes to the
crisis, and to the dissatisfaction of those numerous students who expect to acquire
other kinds of knowledge, corresponding to different cultural interests.

2.3. THE STATUS OF THE LEARNER

Some science educators regard the learning process as
similar to that of scientific research. We criticize this
conception suggesting another status of learner. The
new approach requires addressing cultural codes.

The idea that “a learner is similar to a researcher” is frequent in science education
research (e.g., Driver 1983; (Curavita & Hallden 1994) Gopnik 1996). With regard
to physics, it means that the student in the course of learning makes discoveries,
which is similar to a physicist performing research (not to be confused with the
permanent learning of scientist (Habermas 1981)). However, although the same
term is applied when both the scientist and the learner construct knowledge, it has
different meanings.

1. In any introductory course, a learner aims to familiarize him/herself with a
whole area of knowledge established by the scientific community. In this activity
a teacher guides either explicitly or implicitly, making his/her way as direct as
possible, suppressing all kind of difficulties and uncertainties. A researcher, on the
other hand, constructs the previously unknown, although based on the known.9

This discovery essentially includes contingency. It is apparent that the most impor-
tant scientific discoveries were adventures, not recipe applications.10 An essential
difference is the belonging of scientists to the scientific discourse, without which
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discoveries are impossible. We can express the conceptual relationship between the
learner and scientist as following:

learner

scientist
= study

discovery
= linear

broken
= determinicity

contingency
= disciplinarity

discursiveness
(*)

To the same extent, to which it is impossible to reduce discursiveness to disci-
plinarily, contingency into determinicity, it is impossible to represent a scientific
discovery by the learning activity. The study-discovery relationship is understood
here as addressing the goals rather than processes. Our approach in this study was
inspired by the last of the concept relationships (∗).

2. The learner must acquaint him/herself with different theories, metaphysical
conceptualizations, forms of presentation, and cultural styles. In a rather short time
the student must familiarize themselves with at least four fundamental physical
disciplines: (i) classical mechanics, (ii) electrodynamics and the special theory of
relativity, (iii) thermodynamics, and (iv) quantum theory (Heisenberg 1958). In
contrast, a researcher usually practices a specific method and focuses on a problem
in a particular area.

3. School studies are short in time, and aim to foster a broad interest in
knowledge accumulated over a long time. The learner can afford (and normally
is expected) to construct a superficial knowledge of a range of topics, “to catch the
ideas” of a variety of conceptions. Unlike the researcher, he/she cannot afford time
and energy for a comprehensive exploration. Therefore, learning does not presume
a discovery, although it represents the first step to it.

This perception matches the vision of Bibler (1999, pp. 12–14) who sees human
activity in three categories: Shared Labor (as in an industrial plant), Common
Labor (as in the activity of a spread community of scientists), and Learning (as
an individual activity within an educational institution). The unique feature of the
latter is that it does not aim to produce any social commodity. Moreover, being
only on the edge of productive activity, it is normal even to refrain from such in the
course of learning. To guide the learner in this way is among the most important
functions of the teacher.11

Learning appears as if lacking any sensed and concrete result. This is because
the result of learning is not a “thing” but rather an ability to produce “things”.
Learning causes a change in the state of the learner that cannot be transferred to
anybody else. This statement becomes especially obvious with regard to culture.
What do we mean by learning the culture? In a way, we ask for the unknown in the
conceptual proportion:

learner

cultural person
= ?

live_in_culture

Seemingly “to familiarize the culture” presents an appropriate choice and a goal for
the teacher’s guidance. It is through such a process that the cultural basis of knowl-
edge is established. Culture is then conceived as a personality to be appreciated and
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explored, rather than a tool to be mastered. This view implies the dialogical nature
of learning. This learning may significantly soften the common relationship “hu-
man – petrified material” currently prevailing in science education. The dialogue
then is impossible, more exactly, trivial, since a discipline presents a mere dead
piece, a remnant of a living body of science. On the other hand discipline-culture
provides a whole spectrum of answers in a dialogue. It is as if discipline-culture
is asking the learner “whose side are you taking?” – a question that will not leave
indifferent many of the learners. The physics lesson will then encourage a different
kind of thinking: a “cultural” one. What comprises such learning?

One can distinguish between two major approaches in the learning of a cul-
ture. The first involves learning “from inside”, i.e., internalizing the subject while
living within it. This way an individual learns about and explores the culture, to
which he/she was born, the mother tongue, etc.12 This, also, is the way in which
professionals continue to acquire knowledge within their areas of expertise. Such
learning involves the hermeneutic reading of texts and the continual acquisition of
additional insights into their significance, additional layers of meaning. Obviously
this type of learning a culture “from within” would be practically impossible in a
school environment, if only because of time restraints.

By contrast, learning a culture “from outside”, as an unfamiliar subject, pre-
sumes general views and identifying characterizing features. It implies the need
to address the structure, and to acquire holistic information of the culture. This
information is expressed in terms of “cultural codes”, unknown to the stranger.
Among such codes are triple and binary ones (the latter are also known as “binary
oppositions”). In the following, we consider and elaborate the important triple code
with regard to the simplest organization of a discipline-culture.

3. Construction
We outline the presentation of some discipline-cultures
in terms of triadic code.

3.1. THE STRUCTURE OF THE DISCIPLINE-CULTURE

A discipline-culture has a structure resembling that of
a biological cell.

We have already suggested that a discipline-culture can be structurally represented
by an organization, which might resemble a biological cell,13 that is made up of
three domains (Figure 1):

I nucleus – defines the identity of the discipline-culture, includes its fundamental
principles, paradigm and claims of meta-disciplinary nature;

II body – incorporates all normal disciplinary knowledge. This is established
knowledge, each item of which is based on the principles contained in the
nucleus;
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Figure 1. The cell structure of discipline-culture.

III periphery – contains the knowledge that conflicts with the principles of
the particular nucleus. This knowledge presents a challenge for the funda-
mental claims of the nucleus and possibly a mechanism for its change and
reconstruction.

The rest of knowledge, outside the periphery, is not within the horizon of the
discipline-culture, as it does not address the subject matter or is identified as
non-scientific in nature.

Such a rigid organization implies a mature culture defined as a culture-of-rules
(Lotman & Uspensky 1978). Its nucleus includes the rules of self-reproduction,
according to which new texts should be constructed. The opposite type of culture,
according to Lothman and Uspensky, is the culture-of-text, which contains samples
of texts, but not rules of text production. The cultures thus differ in their attitude to
a newly introduced text. The culture-of-rules tests whether the new text conforms
to the nucleus. If it does, it is included in the normal disciplinary knowledge. If
not, it is assigned to the peripheral area (conflicting, but still scientific) or ignored
(when identified as non-scientific). The culture-of-texts, on the other hand, is much
less restrictive and therefore is more accumulative in nature. It might represent a
new area of knowledge (such as science before the scientific revolution of the 17th
century), or knowledge of the humanities (such as politics, art, literature, etc.).

Each basic discipline within physics (we have mentioned four) originates in a
disciplinary culture which allows its representation in the mentioned triadic form.
Each such culture considering itself at the center, often ignores or disparagingly
refers to the theories of other cultures, assigning them to its periphery.

Even a brief review of standard physics textbooks reveals that fundamental
claims, belonging to the nucleus receive little, if any, attention. As to peripheral
knowledge, this is either ignored or presented as if it belonged to the norm (i.e.,
ignoring its conflict with the nucleus). Moreover, some textbooks present a view
of harmony reigning between different physical disciplines. This belief can be
expressed as a principle of correspondence. For example, relativistic physics grad-
ually transforms into classical mechanics by going to the limit of low velocities,14

quantum mechanics gradually transforms into macroscopic classical physics in the
limit of big quantum numbers (or nullifying Plank constant),15 reversible classical
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Figure 2. The relationship of two fundamental theories perceived as discipline-cultures.
(Somewhat simplified case for the periphery is shown).

Figure 3. The relationship of two fundamental theories perceived as scientific discourses.
(The simplest case is shown).

mechanics gradually transforms into irreversible thermodynamics16 and so on. The
fact that some physical results can be obtained by two fundamental theories (only
in a certain area of parameters) might cause a belief that one theory is included in
the other. Using the discipline-culture model introduced by us we can easily repre-
sent the relationship between the two theories: the body areas of two theories may
overlay. However, the important thing is that the nuclei do not overlap. Peripheral
zones can overlay. All together we arrive at the representation of Figure 2.

Considering physics as a whole (Section 4.2), we will return in greater details
to the problem of the relationship between the physics disciplines. Meanwhile,
however, we should emphasize that we consider here physics as knowledge. Were
we seeking representation of physics as a discourse, we could obtain a diagram in
which body areas would also be separated (Figure 3). Indeed even the statements
that sound similarly might have a totally different meaning in different discourses.
All together, the nucleus and the body of theory T2 may belong to the periphery of
T1 and vice versa.

We see that the tripartite organization as a model of discipline-culture is able
explicitly represent specific types of conceptual relationship between the different
domains of physics.

3.2. CLASSICAL MECHANICS AS A DISCIPLINE-CULTURE

The arrangement of the cell-like structure implies sub-
stantial changes in the curriculum of the most tradi-
tional discipline of physics – Classical Mechanics.
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When Classical Mechanics is regarded within a discipline-culture conception, its
nucleus contains Newtonian concepts of absolute space, absolute time and material
points (or, later introduced, absolutely rigid bodies). The ideas of translational
and directional symmetry, homogeneity and time-space independence all appear
explicitly in the nucleus. We also find there the principle of inertia, the concept
of inertial mass (persevering the state of homogenous motion), the concept of
force (the faculty of interaction determined solely by the relative positions of the
interacting bodies), and the symmetry of interaction.

It is on this basis that the body knowledge of classical mechanics is constructed,
providing numerous applications of the fundamentals, explaining great variety of
natural phenomena as well as technological devices. Thus, the body knowledge
includes all rules and laws of ballistic motion, Kepler’s laws of planetary motion,
work-energy theorem, lever, screw, inclined plane and so on and so forth.

The periphery holds the items of knowledge at variance with the nucleus. Such
are: relativistic deviations from Newton’s account at high speeds, the Michelson–
Morley experiment, the Mercury trajectory anomaly, the wave behavior of mass
particles (electron diffraction, tunneling), interaction of charged particles (field
mediation, vector interaction of electrical charges), thermodynamic irreversibility
of a many body system, etc. These phenomena were explained in terms of the
disciplines historically subsequent to Classical Mechanics such as the Theory of
Relativity, the Quantum Theory, and Classical Electromagnetism. Although con-
tradicting the nucleus, all they are within the vision of Classical Mechanics as a
discipline-culture, and in this sense belong to it.

Moreover, the periphery of Classical Mechanics also includes alternative theo-
ries from the past that have been surpassed by Newtonian theory: the Aristotelian
theory of motion, the impetus theory of Philoponus and Buridan, Descartes’ theory
of vortices, Prigogine’s dynamic theory etc. Thus a characteristic of the marginal,
peripheral domain in this discipline-culture is that it includes both historically
precedent and subsequent, more advanced, physical knowledge. Classical Mechan-
ics as a discipline-culture thus remembers its past (what was believed and why, how
it was reconsidered and replaced) and it foresees its future defeat (pointing at the
phenomena, which were difficult to explain and were accounted for by succeeding
theories).

We argue that such organization is appropriate and necessary for a cultural per-
ception of the discipline, even if seems at the first glance as complex or unnecessary
for an introductory course. The holistic image of mechanics, its meaning, scope of
validity and extent of reliability could emerge in the learner only from the acquain-
tance with the principal ideas and claims, and with the conditions, presumptions,
and limitations of this knowledge. This kind of knowledge is not fostered by assess-
ing students in manipulation with complex formalism (the body knowledge). The
alternative approach is conceptually rich and less complex formally, which could
make it comprehensive and wished by many of the students of the introductory
physics course.17
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3.3. LORENTZ MAGNETIC FORCE WITHIN THE DISCIPLINE-CULTURE

Presenting the Lorentz force in the general physics
course as an element of normal knowledge is to ig-
nore its inconsistency with Newtonian paradigm. The
discipline-culture approach corrects this deficiency.

The Lorentz, or magnetic force (Fm = q[v × B) may serve a good example
illustrating the discipline-culture approach. In general physics courses, magnetic
force is usually presented after classical mechanics, in electromagnetism. Com-
monly, however, the instruction remains under the umbrella of classical physics,
and does not address the fact that the Lorentz force does not fit the Newtonian
paradigm of interaction (Galili & Kaplan 1997): particles in vacuum, interacting
through central forces. Students’ attention, when focused on the application of
the formula in problem solving,18 easily passes over the huge conceptual leap to
the new framework of interaction (e.g., Galili 1995). Indeed, the Newtonian view
excludes field, a concept essential to Lorentz force.19

Moreover, a totally awkward feature is the force dependence on the velocity of
the charge as registered relative to a particular observer. The magnetic force is cu-
riously different in magnitude to different inertial frames (and it totally disappears
for the observer moving with the charge). Textbooks commonly ignore this point,
as if perceiving a choice to teach relativistic theory (including the observer) or to
remain within the classical physics (no observer-dependent forces). Their dilemma
is that consistency seemingly prescribes that choosing the latter one should ignore
the former, but on the other hand, the exclusion of Lorentz force would significantly
reduce the “life-space” of the discipline.

Given this teaching policy, it is reasonable to assume that the learner refers
Lorentz forces to the normal knowledge category established in mechanics, and
this is a conceptual error. The approach of discipline-culture changes the situation,
suggesting instead to use the Lorentz force and to explicitly mention its conflict
with the Newtonian paradigm of interaction, defining its status as belonging to the
periphery of classical mechanics. By using this perspective the learner is given a
chance to discover the fundamental constraints of classical mechanics otherwise
masked in the routine problem-solving activity. He/she “discovers” the concept of
the observer as introducing a crisis into the classical mechanics, thus also making
the nature of Newtonian mechanics distinct.

The peripheral status of Lorentz force in classical mechanics prepares the
learner for the course of classical electromagnetism. Also in the form of discipline-
culture, electromagnetism regards Lorentz force as an important element, consti-
tuting the paradigm of interaction valid in relativistic theory. As such it belongs to
the nucleus, although it might be less fundamental than space-time relationship.

After taking both courses, introductory and advanced, the learner becomes
aware of how the Lorentz force and other peripheral items in classical mechanics,
the Aristotelian framework of forces and the medieval force-of-motion (impetus),
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represent a conceptual development of the force-interaction concept. This ex-
emplifies what we mean by cultural teaching of physics: the recognition of the
importance of each link in the conceptual evolution, in our case, the concept of
force interaction.

3.4. ELECTRODYNAMICS AS A DISCIPLINE-CULTURE

Electrodynamics is a unique domain where the at-
tribute “classical” implies “relativistic”. The cell-
structure of electrodynamics makes the absence of
self-consistent Newtonian electrodynamics explicit.

In Classical Electrodynamics the nucleus contains the postulates of the Special
Theory of Relativity, non-Euclidian space-time symmetry, the space-time relation-
ship (metric), electrical charges, the concept of field (the mediator of interaction),
and conceptual tools, such as Faraday’s lines of force. The nucleus generates sev-
eral fundamental laws: those of Gauss, Faraday, Ampere, Maxwell, Lorentz force.
In the normal domain of the structure are all those applications of the nucleus,
the contents usually taught in traditional courses of electrodynamics (e.g., Jackson
1962).

In the periphery of classical electrodynamics one finds the phenomena that clas-
sical electrodynamics fails to explain: the movement of atomic electrons without
radiation, photoelectric phenomenon, the blackbody radiation, etc. All these chal-
lenged classical electrodynamics and caused it to be replaced by another discipline,
quantum electrodynamics.

Also, the periphery of classical electrodynamics includes the medieval Alhazen
theory of Light (as composed of rays), the theory of aether, and Ampere’s, We-
ber’s and Lorentz’ theories from more recent times. As in the case of classical
mechanics, the peripheral knowledge here presents a contrasting background to
the fundamentals of the classical field picture, refining the meaning of the nucleus
and promising its replacement. Such extended knowledge reveals to the students
the fundamental features of the electrodynamics picture of the world, emphasizing
its fundamental attributes. It is the appreciation of the specific discourse related
to the electrodynamics (its nucleus and periphery) that encourages its holistic per-
ception often missed when the instruction is focused on the body area of normal
knowledge.
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4. Deconstruction of Physics

Outside view and teaching of physics may imply an im-
age of something whole. We challenge this conception
by means of deconstruction.

4.1. NEW VISION

The new vision in humanities is of value for the inter-
pretation of physics as a culture.

Observing physics may impose an image of physics as a unity. Expressions such as
“philosophy of physics”, “history of physics”, “language of physics”, “conceptual
physics”, “applied physics”, “physics teaching” are so regular (titles of courses,
books, disciplines, etc.) that they suggest an almost universal perception that the
term “physics” signifies a subject having all-embracing fundamentals, well deter-
mined history, genealogy, etc. If this were so, it would be possible to represent
physics in terms of the tripartite code as a single organized wholeness. We shall
analyze this assumption, and argue against it.

In passing, it can be noted that a similar reconsideration of standards, creating
non-classical vision occurred in humanities in the late sixties and early seven-
ties of the last century. The new vision of cultural relationship between different
interpretations and ideas regarding the same subject (variously dubbed post-
structuralism, deconstruction, post-modernism, post-neoclassicism, etc.) heralded
the post-structuralist era. For science education all these “critical approaches”
could be of interest because of their addressing a cultural discourse: the post-
structural analysis of text (by Barthes 1987), the deconstruction of binary oppo-
sitions in culture (by Derrida 1976), post-neoclassical synergetics (by Prigogine
1984), the semiotic discourse on culture (by Lothman 1978). The latter, for ex-
ample, provides us with the claim: each culture is encoded in at least two codes
– promising an interesting application to physics education (e.g., the nucleus of
Newtonian mechanics is codified in mathematical and physical codes: mathemat-
ical space-time and physical inertia and force). For the present discussion, it is
sufficient to refer to any critique of the structural claim as a “deconstruction”. We
shall illustrate such an approach in the perspective of physics education.

4.2. PHYSICS

Physics as a whole appears apt to be adequately
represented as a sort of dialogue between discipline-
cultures, which is in contrast to its common image as a
single body of knowledge.

Above we have elaborated a vision of how a physics discipline can be presented as
a discipline-culture possessing a triadic (cell) organization. This approach can be
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applied to each of the fundamental disciplines of physics. Heisenberg mentioned
four such disciplines (Heisenberg, 1958) and added a special place for the Gen-
eral Theory of Relativity. Such new areas as fractals, non-linear physics and other
interdisciplinary domains have currently been added to physics.

The belief that physics, as a whole, is a discipline (possibly the most funda-
mental one within natural science) is common. This belief is reflected in the highly
popular perception of wholeness and certain organization, implying the existence
of a center containing the “genus” of physics. Physicists believe in something com-
mon that identifies physics. If that something were knowledge we would expect
that all physics knowledge (texts) could be codified in a single triadic arrangement.
This belief, we submit, is mistaken because, as we have seen: (1) each discipline-
culture creates such a structure and (2) different discipline-cultures may consider
the same element in different meanings (thus providing it with different status
in those organizations). This quality makes separate discipline-cultures concep-
tually incompatible. For example, if classical mechanics places Lorentz force in
its periphery, in classical electrodynamics it becomes fundamental; if classical me-
chanics consider time and space independent, classical electrodynamics intertwine
them.

Physics as a whole, therefore, does not allow codification into a single triadic
structure. The relationship between all discipline-cultures comprising physics is
complex and complementary in nature because they all represent different, and
equally essential, aspects of nature. One may call them “Pictures of Nature”,
reflecting the cultural sense of their interpretations.

The existence of several complementary structures without a unified hierarchy
challenges the main tenet of the structuralist dogma (unique nucleus, unique all-
embracing structure) regarding physics, which loses its image of a formally rigid,
unique construct. This physics might seem less “whole” or even less “scientific”
to some people. However, at the same time, and by the very virtue of this lack of
rigidity, domains of physical science could be seen as having the human feature
of “family similarity” (to use Wittgenstein’s terminology (1968, §§65–71)). For
example, the conflicting pictures created by mechanics and thermodynamics are
related (but not reconciled) by means of statistical physics, which incorporates
elements of mechanics, as well as such from thermodynamics. Classical and rel-
ativistic mechanics could be related by weak relativistic approximation. Similarly
quantum mechanics has a quasi-classical approximation in its arsenal. We thus
observe a sort of relationship which resembles a family. In a simplest case, we
may represent this situation by a structure in which several discipline-cultures
have separate (incompatible) nuclei, but partially overlaying body areas of normal
knowledge (bridging approximations) and the all-embracing periphery (Figure 4).
This figure demonstrates the non-central nature of physics.

The fact that physics cannot be regarded as a discipline-culture causes extreme
difficulty in attaining its traditionally sought Gestalt. Since the latter represents a
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Figure 4. The relationship of four fundamental discipline-cultures comprising physics.

goal of many curricula, the question whether it is adequate is of great importance
for physics education.

Prominent physicists often tried to present an inclusive, holistic picture of their
subject. Examples are the courses of Hwolson (1923) and Ioss (1932) and, in
more recent times, the unique course by Landau & Lifschitz (1962), as well as
the famous course of Feynman (1964). A commonality of physics disciplines20

should not mask the major conceptual incompatibility, especially clear in terms
of their triadic structures, as shown above. The most extensive progress of phys-
ical knowledge in recent times apparently brought to the situation when a single
holistic, all-encompassing framework of physics knowledge is impossible. Indi-
viduals claimed such knowledge (Helmholtz was the famous example) were rare
already in the 19th century. Today the all-embracing physics worldview is often
replaced by a mere psychological perception of such, that is, rather presents a myth.
When a teacher proclaims a certain structure for physics knowledge, he/she usually
addresses something specific (or uncritically uses structuralist rhetoric).

Triadic code (cell structure) is the simplest to describe the organization of some
wholeness (binary codes miss the dynamics of the subject). Being applied, it im-
poses its simplicity on the real system, which in fact is richer, just by the virtue of
its being real. This act assures necessity of deconstruction in the course of critical
elaboration of the obtained understanding. The deconstruction reminds us of the
real object revealing limited validity of the used model. In fact, it is an unavoid-
able nature of codes: while they reveal some aspects of reality, they inevitably
overshadow others.

Physics, rather, seems to present a dialogue between different discipline-
cultures. The discovery that what had been believed to be a single structure is,
in fact, a dialogue of several structures presents a deconstruction.

Quantum mechanics may support further deconstruction with regard to a sin-
gle discipline. The apologists of the Copenhagen interpretation (e.g., Landau &
Lifshitz 1965) would put the statistical interpretation of the wave function in the
nucleus, and the other interpretations (“hidden variables” (Bohm 1952; Jammer
1966), “ensemble” (Popper 1982), “many-worlds” (Everett 1957, 1973), “path-
integrals” (Feynman 1948), etc.) in the peripheral area of the discipline-culture.21

Reciprocally, any of the other interpretations would place the Copenhagen inter-
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pretation in its periphery.22 One observes here many discipline-cultures of the
same discipline and an intensive dialogue between them.23 One can observe the
reality of the dialogue between discipline-cultures of physics in such field as astro-
physics, which actively applies and mixes the models and formalism of classical
and relativistic mechanics, thermodynamics and quantum electrodynamics, and so
on.

Furthermore, the dialogue in physics is not necessarily interdisciplinary. It could
be within one discipline during the period of scientific revolution. Bohr’s atomic
theory incorporated elements of both new and old theories. In a sense, the ability to
maintain such a dialogue is a privilege of the great masters in science. Such were
Bohr and Einstein, who molded the new physics. Their dialogue established basic
features of the new paradigms, in which new ideas were interwoven with the old
ones until they began undistinguished. This is the true nature of a dialogue, which
fuses the two initially separate ingredients.

This perception leads to an appreciation of the necessity for a new approach to
the teaching of physics. Instead of presenting it as a hierarchically ordered unique
dogma (even as merely a temporary goal), we should show that it presents an open
discourse. Instead of teaching isolated disciplines, we should teach a Kontrapunkt
of discipline-cultures.

5. Applying Triadic Model to the Topics Relevant to Physics Teaching

5.1. SCIENTIFIC REVOLUTIONS

Scientific revolution can be interpreted as a metamor-
phose of a discipline-culture.

The tripartite model of discipline-culture is apt to represent the changes in this
knowledge organization. In fact, the fundamental changes in science are known
under the name of “scientific” and/or “conceptual” revolutions. Their dynamics
always attracted much effort to understand their nature and dynamics (Kuhn 1956).
On the surface, each revolution is accompanied with a certain “semiotic revolution”
– new concepts, new meanings of the old ones. These reflect more fundamental
paradigmatic changes. In terms of disciplines, one used to present evolutionary,
cumulative changes, antecedent theories attending this process, as if a spontaneous
“puzzle-solving activity”. It is always difficult to trace and explain the mean-
ing of the particular conceptual shifts. The traditional approach often presents
a chronological chain of events, replaced one another (Foucault 1972). Within
a discipline-culture perspective, however, a revolution appears as a cooperative
(synergetic) effect, involving a radical reorganization.

As was described, when a discipline-culture encounters ideas or empirical re-
sults which appear strange and controversial because they are in disagreement with
the nucleus, it not only rejects them, but places them in its periphery, as incom-
patible of the central paradigm. These elements remain in the periphery until the



PHYSICS TEACHING IN THE SEARCH FOR ITS SELF 253

breaking shift occurs and the “movement” of knowledge contents to and from the
nucleus (across the domain borders of the discipline-culture) starts. A continual
movement of knowledge elements (texts) from the nucleus to the periphery and
simultaneous opposite movement of other elements (texts) manifests signals of
revolution (Tinyanov 1977).

The cultural approach shows that a scientific revolution involves not only the
emergence of new constructs, theories (as it often seems to the learner), but also
a rearrangement of the whole system of knowledge contents. The conflicting el-
ements are not “destroyed” or abandoned (as often presented), but rearranged in
accordance with the new discipline-culture. The picture of relocation of texts,
revision of their status promotes an integrated view of physics and its history, as
opposed to the all-too-common depiction of naïve progress, a record of discoveries,
as miracles and acts of liberation from the previous blindness or stupidity, which is
far from the true account.

The progress presented as a metamorphose of discipline-culture elucidates
the true relationship between the introductory and advanced courses in the uni-
versity curricula (e.g., electromagnetism, within the introductory course, and
Maxwell–Lorentz’ electrodynamics, as an advanced course). As already men-
tioned, introductory courses usually ignore the nature of the Lorentz force. Within
the discipline-culture approach, the scientific revolution of the theory of relativity
presents a “movement” of Lorentz force and others elements into the nucleus,
relating the introductory course to electrodynamics. Physics ceases to appear as
a cluster of disconnected and isolated courses ignoring or even contradicting each
other.

It should be noted that our model does not conflict with either Kuhn’s (1956),
or Lakatos’ (1970) interpretation of scientific revolution, but refines them by an
explicit scenario of the process. The efficacy of the discipline-culture approach
is due to the articulated peripheral knowledge zone. The latter appear neither in
Kuhn’s nor, explicitly, in Lakatos’ models. Our model easily adopts such fea-
tures as protective belts (our normal zone), scientific research program, hard core,
and paradigms (parts of the nucleus in our triadic model), thus exposing the fine
structure and functioning of science.

5.2. CONCEPTUAL CHANGE

The tripartite organization can assist understanding
of individual conceptual change with regard to sci-
entific knowledge. Conceptual change obtains a new
theoretical framework.

The tripartite model of discipline-culture can assist in interpreting the learning
process. The rationale of this approach is in the attempt to conceive human cog-
nition as organized in a manner similar to that of the culture, in which the learner
is immersed (Vygotsky 1994). Consider for example learning the topic of motion
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in mechanics. As many researchers report (e.g., Whitaker 1983; Halloun & Heste-
ness 1985; Galili & Bar 1992; Galili 1995), the spontaneous ideas of the learner
regarding motion are often close to those of Aristotle, who asserted: “motion im-
plies force”. Force is considered to be the cause of movement, and movement is
considered to be a process of transition between two states, rather than continuous
sequence of states replacing each other. The similarity between the initial knowl-
edge of the learner and the views of Aristotle suggests to the physics instructor to
imitate the scientific revolution of the 17th century, in order to bring the learner to
the adoption of the Newtonian conception of motion – a strong conceptual change
(Carey 1985).24

Similar to the account for a scientific revolution, the learning process can be
regarded as involving a change in the contents of the nucleus, this time of the
individual knowledge. The conceptual change necessarily involves the peripheral
domain. Initially, it is the periphery that adopts the new ideas in the course of
learning. Gradually, the tension arises between the new ideas (periphery) and the
pre-instructional conceptions (“schemes of knowledge”, Galili & Hazan 2000)
located in the nucleus. Eventually, and following dissatisfaction with the old
knowledge, as opposed to the intelligibility, plausibility and fruitfulness of the
new knowledge (Posner et al. 1982; Strike & Posner 1992), this tension (termed
“cognitive conflict” in psychology (e.g., Nussbaum & Novick 1982; Dreyfus et
al. 1990; Limon 2001), and “difference of potential”, in physics terms) reaches
breaking point – and conceptual change starts.25 At this stage of breaking, the body
area of normal knowledge cannot protect and isolate the nucleus any more, and the
knowledge “flows” into and out from the nucleus. The latter is reconstructed and its
old content finds itself in the periphery, “waiting” for the opportunity to challenge
the nucleus again (Galili & Bar 1992).

This scenario might imply that the process of conceptual change requires activ-
ities beyond solving standard problems using memorized algorithms. The teaching
that aims to induce conceptual change begins by supplying new contents and for-
tifying the peripheral knowledge. The increase of tension with the nucleus could
be encouraged through focusing on the new concepts, comparing them with those
initially held, and emphasizing their incompatible nature – this is basically the
constructivist strategy. Obviously, the more developed the peripheral knowledge
and the less developed the normal knowledge, the easier it is to bring about con-
ceptual change in the learner. Therefore it is easier to teach the novice and young
(possessing a thin normal domain), than to “re-educate” the experienced and adult
(those with a well-developed normal domain).

The importance of meta-cognition in the process of conceptual change, the self
appreciation of the learning process has been discussed in educational research
(e.g., White & Gunstone 1989; Hewson & Thorley 1989). The triadic model in-
terprets this aspect as following. If the deficiency of the individual knowledge is
not self-recognized, the new knowledge element might be mistakenly placed in the
normal area (not in the periphery). Then, instead of promoting conceptual change,
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the new knowledge may even obstruct the conceptual change. Referring again to
the Lorentz force, suppose it was considered to be a normal element. The tension
with the nucleus would remain low, impeding the conceptual change regarding
relativistic conceptions.

5.3. PHYSICS CURRICULUM

Discipline-culture approach suggests physics curricu-
lum to attain the features of science itself, to be
hierarchical and discursive.

Explaining the failure of many students to learn physics, researchers point to the
difficulty of facing a great number of facts, procedures, rules and theories without
the guidance regarding their relative importance and validity status. Learners often
develop their own organization of knowledge (diSessa 1993; Minstrell 1992; Galili
& Hazan 2000) and its spontaneous hierarchy.26 This might be interpreted as the
unsatisfactory nucleus of students’ knowledge organization. Seemingly, the com-
mon emphasis of training in normal knowledge (problem solving) does not affect
the nucleus. Moreover, students often become disenchanted and lose interest in the
subject, divorced from the grand scientific picture – the worldview dimension of
knowledge.

A discipline-culture based curriculum emphasizes the connection between the
elements of the normal knowledge with the nucleus, as well as with the periphery.
The former represents the metaphysics of the discipline and the latter challenges
the presented “order of things”. Together both aspects stabilize every piece of the
normal knowledge within the general hierarchy. This approach makes the normal
disciplinary knowledge more intelligible and plausible, increasing the chances for
successful assimilation by using such a curriculum.

A discipline-culture based curriculum incorporates carefully chosen elements of
the history and philosophy of science, as the contents of the nucleus and periphery.
This knowledge becomes inherent in the subject matter, instead of being relegated
to the sidelines as “non-scientific”, or merely a “cultural debt”.27 This curricu-
lum regards the discarded theories not as historical curiosities, but as alternative
interpretations, contrasting the meaning of the adopted models and principles, and
therefore fostering adequate understanding (Schecker & Niedderer 1996). Thus, by
contrast (and paradoxically for many), learning about the Aristotelian paradigm of
force-motion relationship fortifies understanding of its Newtonian counterpart, the
Cartesian interpretation of weight helps students to understand Newtonian gravi-
tation, the idea of the absolute space-time reveals the meaning of the relativistic
conception, the geocentric world system facilitates understanding of the heliocen-
tric model, and so on and so forth. Historical models remain relevant. The concept
of field revived contact interaction. Light photons revived the particle theory of
light. The new theory of vacuum revived the idea of aether. By facilitating dialogue
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of ideas the new curriculum provides wider scope and multiple perspective of
knowledge, encouraging students to precede physics enterprise as a living project.

5.4. TYPOLOGY OF LEARNERS

The assumption that students might be attracted to the
different areas of a discipline-culture leads to the cor-
respondent typology of the students according to their
cognitive preferences.

One often hears children (people) being characterized by statements such as “sci-
ence was not for him . . . ” or “she was born a scientist . . . ”. Such descriptions
employ, usually intuitively, the “two cultures” concept of Snow (1961), which sees
a clash between science (as based on mathematics28) and the humanities (as free
of formal rigor). This thesis reflects the view that there are two types of people
(two “breeds”), those who are naturally “good in physics”, and those who are not.
This view presents a well-entrenched commonplace. Many students regarded as
“non-scientists” by their teachers and/or parents do not consider physics even as an
option for general education and terminate their physics education in intermediate
school.29

We believe that the binary vision of aptness for science is too rough and suggest
recognition that individuals might have cognitive preferences reflecting personal
inclinations to different components of discipline-cultures. One could interpret
Snow’s notion of “science” as assigned not to the “body knowledge” (“normal
science”). The great paradigms of physics (nuclei) and their rivals (periphery
knowledge) are missed in a simple approach. The ideology is reserved to humani-
ties, identified with intuition, freedom of style, fantasy and imagination. They are
interesting because they are controversial, and they break norms.

Within the tripartite vision of discipline-culture one can suggest another ap-
proach to account for the variety of attitudes to science.30 This approach assumes
that different aspects of physics as a culture will be of interest to different types of
students. On this basis one may anticipate three types of learners.31

Learners of the first type (“philosophers”) show an interest in the ideas and
principles of their subject, they like to philosophize. They like generally ordered
knowledge and might lose interest, and have difficulties in learning particular
applications (problem solving), if not related to general principles, organized pro-
cedures, etc. They seek a holistic vision of science, gravitating to nucleus in
discipline-cultures.

Students of the second type (“practitioners”) prefer to apply the knowledge
provided by the instructor in the form of well-defined procedures. They enjoy their
studies, especially when the goals are concrete. They like to solve “fair” problems,
which may vary in the ways of application of known rules, but not require inven-
tion of new ones. These students gravitate to the normal area, body knowledge of
discipline-cultures.
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Finally, students of the third type (“critics”) are inclined to criticize the pre-
sented knowledge, and resist theories authoritatively presented. They are creative
and like controversy, they suggest their own ideas and explanations, sometimes
paradoxical and inconsistent, which challenge the dogma. These students might
appear as weak, stubborn, illogical and inconsistent. Facing rigid and indisputable
subject matter and teaching, they feel bored and might be disruptive. Their suc-
cess in class may vary. These students gravitate to the peripheral knowledge of
discipline-cultures.

This typology of learners leads to the need for different instruction, different
emphases and, indeed, a different curriculum for each type. Thus the courses fo-
cusing on “normal science” are unlikely to appeal to students of the first and third
categories, even when the mathematical contents of such courses are reduced. The
approaches that try to attract students to physics by merely writing in words the
mathematical formulas (“physics for poets”), or by step-by-step detailed explana-
tions, appear somewhat naïve. “Physics for humanities” requires mainly different
contents (nucleus-periphery focused) beyond the simplified formalism. The cul-
tural contents of physics may trigger the interest of many presently identified as
not apt to physics, bringing into physics classes the students often lost within the
common educational practice.

6. Concluding Remarks

We started by quoting Poincare regarding the special knowledge required by
prospective physics teachers, and we arrived at the special organization of physics
knowledge for much wider spectrum of consumers of physics in high school,
college and university. We described this new perception in terms of a discipline-
culture. Its tripartite organization of knowledge elements is applicable to each
discipline in physics, while physics as a whole emerges as a dialogue of a sev-
eral disciplines possessing family resemblance (epistemological similarity). Such
physics presents a cultural subject and, as such, should be taught in a Kontrapunkt.

The approach of triadic code appeared to be beneficial in representing scien-
tific revolution (a change of social knowledge) and students’ conceptual change (a
change of individual knowledge). The correspondent change of physics curriculum
could be related to the new typology of learners, both facilitating the design of
leaning materials in accord to the perception of physics as a culture, as well as of
individual cognitive preferences.

This view could upgrade physics instruction; humanize its contents, introduce
new values in physics education, whereas preserving of strict disciplinary course
focused on the normal science, even if fortified by new pedagogy and equipment,
means to keep many students outside of physics class. We believe it is a cultural
change that may serve as a fulcrum to rescue physics education from its present
crisis, and attract students who currently prefer humanities. People will study



258 MICHAEL TSEITLIN AND IGAL GALILI

physics not only for professional purposes, but as a cultural resource, a means
for understanding of the world.

Notes

1 We apologize for introducing a stereotype. We believe, however, that it will not be difficult to
understand our true intention.
2 In this important work Schwab (1978) emphasized the special importance of “structure of the
disciplines” for constructing science curriculum: “How we teach will determine what our students
learn. If a structure of teaching and learning is alien to the structure of what we propose to teach,
the outcome will inevitably be a corruption of that content. And we will know that it is.”
3 One may illustrate the pursue to reveal the nature of science, “what science is”, as a subject
of study, by reference to such philosophers of science as Koyré, Toulmin, Popper, Lakatos, Kuhn,
Feyerabend.
4 E.g., Werner Heisenberg (1977), the speech given by at the alumni meeting in Berlin gymnasium.
5 Thus, these approaches played an important role in the genesis of the theory of relativity.
6 A special double issue of the Science & Education is devoted to a discussion of interpretation of
Quantum theory. The discussion started by Bunge (2003).
7 We know that the suggested expansion from the traditional contents of scientific discipline
presents only the first step from discipline to culture, as a humanitarian category. However, even
this first step already enriches discipline making it more cultural. For this reason we already adopted
for the model the word culture, as indicating our intention and future studies.
8 Mazur (1997) described his discovery of conceptual lag in his students of Harvard, successful in
regular requirements. The extent of the failure caused an essential change in his teaching.
9 We do not address here the need to learn texts of colleagues, fellows, scientists regarding the same
subject.
10 There is a striking difference between scientific discovery, always associated by scientists with the
greatest possible luck, a miracle, and the discovery, as it is often presented in the classroom, a result
of a rigid procedure, clear rules and methods (Baconian perception of the 17th century).
11 We draw the attention of educators to this statement. It should be regarded as a criticism of the
currently popular trend of introducing research projects, especially those time and effort consuming,
already into the school classroom.
12 Vygotsky draws attention to the essential difference in nature between the learning of one’s mother
tongue and the learning of a foreign language Vigotsky (1994).
13 We should emphasize that “cell analogy” is used only as convenient image, a similar structure.
Our model does not expand or rely on any functional resemblance.
14 This is not true: the theory of electromagnetism is totally relativistic regardless velocity magnitude.
15 This is not true: great many quantum effects exist at normal temperatures and cannot be obtain by
classical theory in any limit procedure.
16 This is not true: there is no gradual transition between irreversible and reversible physics.
17 Although not coinciding with our approach, the course by Rogers (1960) may provide a certain
perception of direction of the suggested change.
18 The pedagogical effort at this point is often focused on mastering manipulation with vector
product, a new feature of the formalism.
19 Lorentz force was originally explained in terms of the electromagnetic ether, later replaced by the
electromagnetic field in vacuum.
20 One should not be confused with other non-ontological aspects, which unite physics in one
science. Such are the inductive-deductive method, empirical epistemology, common concepts, the
approach of modeling and mathematical account, etc.
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21 Sacharov (1990) wrote about his meeting with J. A. Wheeler, who told him about his rich collec-
tion of interpretations of quantum theory, and to which Sacharov added the interpretation of “Indirect
Measurements” by L. I. Mandelstam, suggested in 1939. This interest was seemingly transferred to
Feynman and Everett, both students of Wheeler.
22 Since alternative interpretations are multiple, so is the deconstruction of one discipline-culture of
the Quantum theory.
23 For a representative example of such a dialogue regarding Quantum theory see ‘Quantum Theory,
Philosophy and Education’, a special issue of Science and Education 12(5–6), 2003.
24 Similarity of onto- and phylogeny created in many educators the perception of recapitulation.
25 The authoritative persuasion (intelligibility and plausibility of the new knowledge), dissatisfaction
with the old knowledge, as well as fruitfulness, feasibility, parsimony, symmetry, and the beauty of
the new theory apparently play different roles in the two contexts.
26 For example, Bagno & Eylon (1997) reported that high school students consider Ohm’s law as a
more important than Maxwell equations, in accord with the fact that the former occupies much more
attention in school curriculum.
27 This, although on the surface positive attitude to the history and philosophy of science, often
means practical rejection of such materials (Galili & Hazan 2001).
28 This view can be traced to the positivist philosophy of Comte who stated the maturity of the
scientific brunch solely when it essentially utilized mathematics.
29 This is currently a situation in many countries, e.g., Israel, USA, UK and Germany, where a great
majority of students turn their back to physics classes. Thus, in Israel, from about 150 000 high school
students per year, only about 9000 take physics (an elective subject).
30 We discuss the typology of students’ preferences and not their taxonomy. The idea of hierarchy in
this context is foreign to the modern cultural approach.
31 These theoretical considerations suggest a correspondent empirical study.
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