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Abstract

This thesis develops hermeneutic philosophy of science to provide
insights into physics education. Modernity cloaks the authentic
character of modern physics whenever discoveries entertain us or we
judge theory by its use. Those who justify physics education through
an appel to its utility, or who reject truth as an aspect of physics,
relativists and constructivists, misunderstand the nature of physics.

Demonstrations, not experiments, reveal the essence of physics as two
characteristic engagements with truth. First, tiaoths guise as
correspondence enables a human being to prepare for the distinctive event
of physics. Second, the event of physics occurs in human perception when
someone forces a hidden reality to disclose an aspect of itself. Thus, the
ground of physicss our human involvement with reality achieved by way
of truth. To support this account of physics, the thesis reports
phenomenol ogical investigations into |
optics and a secondary school physics laboratory. These involve
inter pretations of Hei deggerds theory of
The project draws upon, and contributes to, the hermeneutic
phenomenology of modern physics, a tradition in continental philosophy
that begins with Immanuel Kant, and advances partiguleom Martin
Heidegger to Patrick Heelan.

The thesis advocates an ontological pedagogy for modern physics
whi ch has as its purpose each individu
and truth. Students may achieve this through demonstrations of phemomen
that will enable them to dwell with physics, an experience that contrasts
with their embroil ment in modernity, a

science.
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Chapter 1: Introduction

This thesis establishes the forgotten ontological foundation of physics education and
thereby enables physicsteachietsh o s e who per pet uaitoe nat ur e
embrace a new pedagogy. Truth gives access to insigbta the situation of
physics education and the saving grace within the discipline of physics.

The first chapter introduces the traditions of thought that inspire the argument
of the thesis. It establishes the educational context for the enquiry, aebythe
indicates its relevance to curriculum development and teaching. Key topics include
modern physics, metaphysics, truth, realism, ontology, and existential analysis. An
introduction to the hermeneutic philosophy of science has as its focus the isgues th
are relevant to the thesis. The thesis pursues a new foundation for physics education
and indicates some caveats. Finally, it indicates the direction of enquiry and sketches

the contents of each chapter.

Orientation

Physics is an important subject tétign schools and universities. Those initiated
into the discipline find employment and contribute to the prosperity of nations.
Nevertheless, physics attracts little resource and few students in comparison with
many other academic subjects. Those who se@kstify physics often appeal to its
utility, which physics in the main achieves through its association with technology.
In 1990 the present author established a
of this perspective ingrained in national s@e policy(Harker & Spoonley, 1993)
Whilst physics has always been agated with practical projects, they do not
provide impetus to the discipline. That comes from the resolve of a few people to
understand the truth about the material univéraalesire which still burns for many
physicists today. Conspicuously, physisstiae pursuit of the truth remains a
guandary for both those who advance physics as the foundation of technological
progress and those who seek to understand nature.

This thesis draws upon the work of the renowned German philosopher Martin
Heidegger (1884 9 7 6 ) . He i d e g phesrmétbodd ohimvestgation, hesn s
discernment of truth, and his insights into modern phyisatsike into the present

enquiry. Although best known f@eingand Timé 192 7), Hei degger 6s
1



Gesamtausgabfeollected edition) n@ comprises over 100 volumésisiel, 1995a)

The thesis heeds Heidegger 6s anthoaghts,i ve t h
and consequently it is not an explication of his works, beyond what is necessary to
facilitate the present fApath of thinkingo
Hei deggerds account of physi csinsightinta i at es
truth that carries it forward in a new direction. Accordingly, the thesis moves us
beyond Hei degger s metaphysical account
phenomenology to investigate truth at t wc
first engagement involves Isaac Newton in the seventeenth century and the second a
modern New Zealand secondary school classroom. These phenomenological
investigations reveal the nature of physics and that aspect of physics which is

physics education. Giventleex t ensi ve use of Hei degger ds
hermeneutic philosophy of science that derives from his theory, this section

introduces, and places in context, some of his indispensible concepts.

ModernPhysics

Physics as a distinct subject began in antyguiten the first scientists brought

together descriptive studies of optics, astronomy, and mechanics, because their
methodology involved geometry. Physics is probably the oldest intellectual

discipline and from human prehistory onwards it has been assweigh religious,
mythological, and astrological practices, and with practical projects. The word
Aiphysicso deri veéi fimedarm itnhge fiGraeteukr ewoo,r da n d
this the discipline considers phenomena that comprise nature or investigaies

itself. Enquiries in physics today focus on energy and matter, yet they still heed

Ari stotl eds premise that we may reduce th
starting points. Physicists use the term
from the early twentieth century, particularly relativity theory and quantum
mechanicsModern physics is concerned with the forces that exist between objects

and the relationship between matter and energy.

Hei degger wuses t he exaverypraciseomannérnandd er n
when the present thesis refers to Aimodern
concept. He al so uses the word fAresearcha
leading characteristic. Modern physics begins with Galileo agdtbh and proceeds

with Maxwell, Planck, Heisenber&chroédingerand Einstein. Heidegger



distinguishes between ancient, medieval, and modern physics. These are distinctive
forms of physics because they entail distinctive assumptions about nature and about
how to investigate nature. Modern physics did not evolve from medieval physics,

and nor did medieval physics evolve from ancient physics.

Metaphysics
Al exandrians in the first century gave th
written by Aristotlethat appeared after those on physics, although the diverse
content of those books renders them as a
Metaphysiceli scusses Afirst causeso, that whi cl
enquiry (for example, eitss, mathematics, physics, and politics), that which is of
most generality or most foundational for human beings, and it enquires into beings
guabeings. The youthful Kant, in an essay, draws upon both Aristotle and Newton
in his account of metaphysics.ikd s eeks t o explain the suc
physics. This success is not merely theoretical for acclaimed discoveries are frequent
in Kantés city, for exampl e, KnKuehm,en pr ec
2001, p.83)As his biographer indicates, Kant requires for modern science a
foundation that is as credible as the science itself:
Metaphysical thinking is not in the leasttitled to be an invention; it is
not prospective as in geometry, in which new conclusions are
successively formed from an original definition, but rather retrospective,
so that given a state of affairs it seeks out the conditions from which that
statere ul t s; for a total phenomenon it se
e x pl a n(€dssirer,981, p.71)
The determinacyandevidec e associ ated with Newtonds p
associated with metaphysics. Thus, for Kant metaphysics became the study of
appearances and ultimate or foundational reality to the extent that humankind may
know these things. Heidegger largely concurs \Kiaimt on the nature of
metaphysics although he gives the subject a new dimension. For Heidegger,
metaphysics is also about appearances and réagyendered in the study of
beings and beings in their totality, which equates to the study of what exists,

ontology.



Hei degger6s conception of truth

To investigate physics the thesis uses a notion of truth that it draws from within the
hermeneutic philosophy of science. What distinguishes the hermeneutic philosophy
of science from other modern accounts of sceethat involve human beings (such

as those of Rorty and Toulmin), is the explicit involvement of truth. It is through an
analysis of truth that access is gained, first to the distinctive features of the
hermeneutic tradition, and then in the presentishtesthe entities that are involved

in physics.

What i1 s truth? The present thesis iden
concepts of truth amdaequaticanda | U't. lAdaeqaatio i s truth | ocate
agreement or correspondence between reality ggrésentations, mental or
l inguistic. This includes for example the
Ablue is a colouro, and A2+2=40. Hei degge
truth are the Atraditi onalptoftratoandrept of tr
considers them in Aristotle and Aquing$eidegger, 1962a, p.257; Heidegger,
2002b, p.6; Heidegger, 2007, p.28®je finds such accounts of truth undoubtedly
meaningful. Although there are vari®uenditions of the correspondence theory of
truth, and thusbundantvords that refer to the theory, the generic word preferred by
Heidegger to refer to this form of truth is the Ladthaequatio evidently because it
i ndi cates @si miabhamanjudgément that iovolves angduatiens
whilst remaining silent on the content of the judgement or equaol@equatias
the notion of truth that we engage when we say something is right or wrong. It is an
indispensable notion in current practicag®tern schooling, and it is crucial in
modern science. In physics, an enduring exampbglaéquatia s fAempi ri cal
verifiabilityo, t he c oirfofexample, thg statemnene n a s s €
about a new discovery in astronomy. When microlensiogiges evidence of extra
solar planetsadaequaticcontends they really do exist.

Al Utihseithei degger dsheotionhofnhenvehnt i n
Afuncoverednesso or Aunconceal mento of bei
this truth and all abidance with beings necessarily involves this form of truth.

Al Ut réss upan the primordial phenomenon of human disclosedness and is
inherent in all disclosures of beings including those beings that are the occurrent,
physical entities of modern physics. Truth as disclosure is an ontological truth and

indeliblein the compl& that is Dasein (the human being involved) and the beings

4



disclosed. Heidegger credits Kant as the first to gradakquatidna | Ut Fhisi a

sentence, which refers to the two fAfor ms

A

Hei degger s assertion that Kantédés real
metaphysics grounds all human knowledge of objects. The questionbaitygis
the question that entaidglaequatd, hence the traditional/usual concept of truth. This
contrasts witta | Ut: hei a
The nost primordial phenomenon of truth is first sholy the
existentialontological foundations of uncovering With andthroughit
[ Dasein] is uncover edndsdosednessence onl
the mosprimordial phenomenon of truth attained. What we have

pointed out earlier with regard to the existential Constitution of the

Co

y

Athereo and in relatieomtthertelbe @wern yada

the most primordial phenomenon of truth, nothing |@4sidegger,

1962a, p.263, his emphasis)
Adaequatigthe truth of judgement, ultimately presuppoads U t. What isa
primarily true is the uncovering of beings including Dasein, and this perspective
enabl es Hei degger t o s(Hedeggdr,d962aPp263¢ i n i

S

f

The present thesis uses the word Acorr

Hei degg e adaeguatimo.r dT hie wor d Adi scl osureo ref

al Ut heoiraci sely Heideggerdés concept .

Realism and physics

What is realism with reference to the external world? Heidegger interprets this as an
ontological question about what constitutes that that is (being and beings, existence
and entities). Consequoeally, enquiries into the ontology of realism must precede

any consideration of epistemic or semantic issues. The ontological understanding of
being that we actually have along with our theoretical deliberations about entities,
leads us to conclude thidtere is a reality independent of human beings. As Kant
reasoned, the nature of ourselves limits our access to this external reality. Taking
Kant a step further, Heidegger emphasises that what we discern about reality is most
strictly a particular interptation (hermeneutic), however this does not mean the

interpretation is one that derives from, or depends on, theory. Nor does it depend on

an absolute, authoritative perspectivelinr

nowhere).



Physi cs i sattbopti@aendagerwihGeality, or, as Heelan says, it is
Anatureb6bs own scienceo. Hei degger wurges U
violent attempt to force the Real to reveal ever more of itself. This philosophical
foundation for physics has bmme relevant in discussions about relativity theory and
guantum theory. With the human interpretative apparatus as it is, is it possible to
advance further into our understanding of reality? Physicists postulate entities that
they derive from mathematicalodels and which we struggle to conceptualise.
Einsteinds famous analogy is that the pre
little of what hangs on the ho@Babich, 2009)

In the philosophy of science, it is the theory of @p@nalism which contrasts
with the realism of Kant, Heidegger and Heelan. Operationdligmich has no
pl ace f or Heisahedrgre médern Rrsianl of empiricidndgman
represents that tradition well because he has practical experiea@hgscist,
begins his deliberations with critical reflection on what scientists actually do, and
wrote after Einsteinds work that radicall
time, and mattefBridgman, 1952)He observes his colleagues and concludes the
modern physics has precipitated with phys
what may be called the interpretive aspes o f (Bpidgman,i 1823, (. vii)

Evi dent !l y, t hmustbe,ian istoneoftpdresempiticism, bee

ir ecog mprerepsinciples which determine or limit the possibilities of new
experiencedo and there should be no demanc
formula, structure or organisati¢Bridgman, 1927, p.3)

In general, we mean by any concept nothing more than a set of

operatias;the concept is synonymous with the corresponding set of

operations If the concept is physical, as of length, the operations are

actual physical operations, namely, those by which length is measured,;

or if the concept is mental, as of mathematical icoiitty, the operations

are mental operations, namely those by which we determine whether a

given aggregate of magnitudes is continugBsdgman, 1927, p.5)

I n his statement that the concept i s RAsyn
possible to recognise a correspondence theory. Haagquatias essence of

modern empiricisn.



Ontological terminology

Heidegger is correct when he begBsing and Timevith the assertion that we have
all forgotten being. One consequence of our forgetting the subject of ontology as a
pre-eminent branch of metaphysics is that there is not imoomuse a vocabulary
for ontology. We draw the vocabulary we use in intellectual discussions from
theories that hold their own presuppositions and consequences. If we import words
into ontology, they can create confusion because they carry with themadissci
from elsewhere. Equally, it can become graceless and confusing when we use the
same word for two fAconceptso that hol d se
to make more progress when we develop our own categorial framework upon the
intellectud | abour of others. For these reason:
terminology to refer to ontology. In this thesis, some ofrdggiisiteontological
terms (introduced when they first appear) include Dasein, ontic, ontological,
ontological understandin@efindlichkeit Rede and existential analytic.
ADasei no, i s o0 nBeingdnd Tinkelefirstappears as ee ohs i n
things that has being and fdi so:
Everything we talk about, everything we have in view, everything
towards which we comportuoselves in any way, is being; what we are
is being, and so is how we are. Being lies in the fact that something is,
and in its Being as it is; in Reality; in presefatédnand; in subsistence;
in validity; in Dasein i n t h.¢Heideigdere 19&2a, p.26)
I f Heidegger fAdefinesd Dasein, he does soc
This entity which each of us is himself and which includes inqueing
one of the possibilities of its Beingie shall denote by the term
fiDaseim (Heidegger, 1962a, p.27)
At the same timeye providesiecisive counsdbr the present thesis when he says
that if we are to enquire, to formulate questions explicitly and transparently, we must

first give a proper explication of Dasein.

Phenomenology

Science and technology are hegemonic in Wesiaiversities and one of the
consequences of this is the preponderant influence of the methods of science in all
manner of enquiries. Yet science cannot investigate itself scientifically. That which

is the foundation of a method is already present inrteéthod and integrally a



component of any investigation that uses the method. That this necessitates the use
of another method of enquiry challenges Husserl, and then Heidegger. It turns us to
recognise that the enquirer is integrally a part of any engemgn the enquiries of
physics that seek to eliminate the involvement of the human being and thereby to
claim objectivity.
The alternative method of enquiryphenomenology renders objectivity in
anot her way. Phenomenol ogipga divsrsetintelectuals ci e n c
discipline with little consensus about how to conduct phenomenological research.
The present thesis confines itself to the phenomenology that Heidegger advocates,
Kockelmans prescribes, and Heelan illustrates in his hermeneubtsqghy of
science. It appears to be the first study of its specific kind in science education
(Dstergaard, Dahlin, & Hugo, 2008)henomenology is not a set of rules about how
to proceed, but rather it is whatever renders as sense to the enquirer in a particular
situation. Hedlegger places the key words in italics when he writes of the
met hodol ogi cal use of the word fAphenomenc
0 P h e n o mengithdr degjigndies the object of its researches
characterizes the subjectatter thus comprised. The wiomerely
informs us ot h leowdiwvith whichwhatis to be treated in this science
gets exhibited and handled. To have a sciénogfhénomena means to
grasp its objects such a wayhat everything about them which is up
for discussion must be treated by exhibiting it dineathd
demonstrating it directl{Heidegger, 1962a, p.59)
I n this quotation, Hei deggtomalGersnens t he wor
manner, which refers to any determined, systematic enquiry directed at the
attainment of knowledge. The idea of fseec
exhibits and demonstrates to us in a direct way stands in contrast to the aspirations
that physicists hold for physics. It is not possible to confirm phenomenology as
physicists seek to confirm the theories of physics, through a consensus based upon
enduring and universally available evidence. How then is the phenomenological
enquiry of the pesent thesis the existential analytit to be judged?
Speci fic mention should be made of the
indicated, phenomenology is an activity, not a theory. It is like a sports fixture,
where there are rules and preparatiovisat occurs in the play is what counts, and

the outcome is unpredictable. The sports code played in this thesis was devised by

8



Hei degger and it is called an fAexistenti a
between she who enquirasdhuman beingtke herself and whatever else she
encounter$ fiwhat is primarily interrogated is those entities which have the
character of Dasetn(Heidegger, 1962a, p.65)he event necessarily involves the
two teams to an equal extent, although the report on how they perform comes from
one of those involved in the play. The present thesis describes the play in two
matches, which are heeen a Dasein that enquires and (first) the beings that
involved Newton and (second) the beings involved in a secondary school classroom.

The direct involvement of the Dasein that enquires warrants comment, because
it is central in an existential analy@md contrasts with all the sciences (in the
modern sense) that lay claim to objectivity, including physiccko o ki ng at
something, understanding and conceiving it, choosing, accessdt these ways
of behaving are constitutive for our inquiry, andreéfere are modes of Being for
those particular entitieshi ch we, t he i n(Heideggerrl862a,ar e ou
pp.26:27). It is not possible in an existential analytic to be free of the questioners
comportment (not f@Abehaviour o, because nbe

The word fAexistentialo refers to a ful
which must include a sense of both structure and content. It contrasts with
fexistentiello which refers to someoneods
existencgHeidegger, 1962a, p.33rundamental ontology, which is the source of all
other ontologies (that is, regional ontologies, such as those of physics and erdinary
everydayness), is achieved through an existential angigiclegger, 1962a, p.34)
Because of the direct relationship between fundamental and regional ontology it is
deemedappropi at e t o use the term fAexistenti al

primarily regional.

Hermeneutics

Hermeneutics is the theory of interpretatiobroadly, what it means to understand

texts, utterances, or natur @auycoftdxts.ltwor d Al
may descri be a method of enquiry, for exsa
phenomenologyo or it may describe a | eadi

in Athe her meneutic way of being of Dasei
the discipline of continental philosophy. All of these uses of the word appear within

the present thesis.



Ancient hermeneutics has multiple and conflicting histories that extend to the
origins of writing itself. Whenever someone makes an interpretafisarething,
there is the potential to say that hermeneutics is involved. Many scholars find a
beginning for hermeneutics in ancient Greek works, which reflect the etymology of
theterma$ e r me(nteruadn sl at e or interpret), and w
about 360 B.C. with its Latin titlBe InterpretationeFrom its origins until today,
Aher meneuticsodo may refer to translati on,
hermeneuticeame to describe what was involved in the interpretation of important
texts in the Bible. As is easy to imagine, the practice of hermeneutics was as diverse
in this period as in ancient times. Perhaps the dawn of the modern era, the
Enlightenment, herakll t he advent of modern her meneut
enlightenment o br oughdsameaeaasdomecessthetrutih e f or €
The present thesis considers the implications of this in the philosophy of science.
Husser |l 6 s p h ended upenmedniogexistentfinahe fferld and
giving credence to intuitionism, paves t6Fh
phenomenology which may be truly called hermeneutic phenomenology. As
Hei de g g e rphenamersology of Daseiriiish@rmeneutién the primordial
signification of this word, where it designates this business of interpoeting
(Heidegger, 1962a, p.62)his is the first of three uses Heidegger finds for the word
Aher meneutico. The second is also methodc
the ontology uncovered (the meaning of being), to a general hermeneutic of
investigation. Thereby is revealdanyifurther ontological study of those entities
which do not have the character of Dasdifeidegger, 1962a, p.62)e continues:
thi s hermeneutic al siothdbsersooivwokingg O her men
out the conditions on which the possibility of any ontological
investigation depends.
And finallyyA her meneuti co6 is the word used to de
beingas Daseini this is philosophically the most important aspect of the Dasein:
to the extent that Dasein, as an entity with the possibility of existence,
has ontologicalpar i ty over every o,ahaer entity,
i nt er pr et as$Bebgnhasthe thbdardespeanific sense of an
analytic of the existentiality a#xistence; and this is the sense which is

philosophically primary(Heidegger, 1962a, p.62)
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The thesis always uses the word fAher meneu

and the context should indicate which sense pertains.

The hermeneutic philosophy of science

The enquiry draws upon entrencheddhy in continental philosophy, specifically

the hermeneutic phenomenological philosophy of science. An important way to see
the enquiry is to locate it as a development in this historical, philosophical tradition.
Without deprecating the contributionsathers, it is convenient to submit that the
relevant tradition runs from Kant, to Heidegger, to Heelan. As this tradition enquires
into modern science, it could hardly have begun before there was sufficient
development of physics by Kepler, Galileo, anduitn. All the requisite elements

of the tradition are problematics for Kant, Heidegger provides the structure necessary
to advance the investigation and begins essential work with his investigations into
Dasein, and Heelan, particularly with his insightt®ithe phenomenology of both

vision and mathematics, begins to detail our human involvement in modern science.
It is apposite to enquire into the human limits of the discipline of physics at a time
when physics routinely announces new discoveries wkslsheory remains

enmeshed in a crisis about objectivity and realism that was precipitated by quantum
mechanics at the beginning of the twentieth cenfdigelan, 1965, pp.ixiv; Vol.1,

Mehra & Rechenberg, 1982)

Kant

Immanuel Kant (1724.804) is a classical or generalist philosopher who spent much

of his intellectual energy on issues in the philosophy of natural science. He develops

his ideas over a long period of time and iinpossible to discern all of his

conclusions in his final workkockelmans, 1968, p.13Kant begins his

deliberations in the philosophy of science having been involved in practical and

t heoretical physi cs. Evidently, this begi
courses on experimental phys{¢giehn, 2001, p.78) The first part of
treati se begins with a fishort outlineo of
the foundatiorof his own deliberations about the formation of galaxies, including

the Milky Way. Whilst it is a commonplace for us that the universe is constituted

with a discernable structure, in Kantds t

distribution of the stars ithe sky was evidence that there was no underlying
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structure for much that could be seen. Ka
Wright of Durham ... [ with the] happy ste
swar m, but are a pautti oonf oaf AtBEs 198BMavt e rcs eQdc
p.54 & p.51) Although the 1755 work contains intriguing ideas (for example, that
because nothing in nature is balanced thegido not have circular orbits, and that
the movements of the outer most planets i
importance is that it is a determined attempt to provide a cosmological model that
does not invoke direct divine interventionstead, its conclusions derive from
purely mechanical mliactples asaeris apppopratgKamlt,s L ei b ni
1969; Friedman in Kant, 2004, pp.vii). This rejection of divine intervention in
hypotheseslzout particular phenomena remains an understanding in the hermeneutic
philosophy of science, and is relevant in this thesis concerning the beings of Newton.
In 1756, Kant publisheBhysical Monadologywhich addresses a central issue that
continues in thdéermeneutic philosophy of science and into the present thesis where
it appears in the relation to the beings that engaged Newton during his experimental
work. The issue is the relationship between mathematics and physical objects. If
matter is ultimately enstituted of simple elementary substances (physical monads),
and these substances exist in space, how can we reconcile their existence with the
infinite geometrical divisibility of spac
t hat monad4k @ ve dmnigpdstandtes aneetaphysical points
which, Leibniz asserted, are both real and exact, mathematical aaeetsact but
not rea) and physicabnes are real but not exact

In contrast to empiricist philosophers, for whom the philosoplscignce
consists of an analysis of fundamental concepts and methods of enquiry extant in
science, Kant from 1770 with growing confidence asserts that the philosophy of
science is to be concerned with the prior conditions that make science possible at all.
The period of this advance which is the birth of the hermeneutic philosophy of
science, is that between Kantds inaugur al
the University of Konigsbergn 1770 and the publication of h%ritique of Pure
Reasonn 1781 (Kockelmans, 1968, pp-20). Kant observes that humamnperience
is the foundation of the laws of physics, and he argues that the experience and the
laws must be founded upon a regular, discernable structure or framework that

enables them to be brought together.
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Each of Kantods t hr eei daecgcgoeurnétss aocfc opuhnyts,i

what they say about the nature of this foundational structure. In the first book ever
committed to a philosophical reflection on modern phyd#staphysical

Foundations of the Natural Sciersfd 786), Kant argues for a schemsat that
systematically relates priori conditions (particularly those that involve space and
time) to empirical representations. As
of nature, requires a pure portion, lying at the foundation of the enipaitad based
uponamapriorik nowl edge of (Kocketmans'dranslationj n g s o
Kockelmans, 1968, pp.129). This conclusion is possible for Kant because earlier

he shook off classical metaphysics, the view that the task opmedies is to

investigate a supraatural reality that is the site or foundation of God, human
freedom, immortality, and all existence. Things as they are in themselves are neither
spatial nor temporal, and we have no knowledge of things in themselves.Kdni
confines metaphysics to that which grounds human experience ttatore

available for rational investigation, and he sets out to investigate experience in
physics, morals, politics and religion.

Mention should be made of a specific topic thajaged Kant, because it

features in the present thesis: it is the relationship between mathematics and physics.

The relationship between mathematics and physics was an issue at the birth of
modern physics, as Galileo wrote of his adversaries (plural):

€ | can almost hear him shouting in my ears that it is one thing to deal

with matters physically, and quite another to do so mathematically, and

that geometers should stick to their fantasies and not get entangled in

philosophical [scientific] mattersas iftruth could ever be more than

one; as if geometry up to our time had prejudiced the acquisition of true

philosophy [science]Drake, 1978, p.172)
Having decided that physics is concerned only with the laws of the moving forces of
matter as given in experience and as mediated for us &y#dari framework or
schema, Kant was not inclinedabow mathematics to intrude. Consistent with his
insights into the nature of metaphysics, Kant maintains that mathematics cannot
provide insight into the essence of the many kinds of physical force. Moving forces
cause motions, and motions because te&te to space and time are amenable to
mathematical description, yet these motions are not the essence of physics. This

discussion about the relationship between mathematics and physics, Heidegger
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resolves in a dramatic way, and the present thesis ssdggesier on this topic. On
the other leading question in the technical work of the present project, the vexed
guestion of the status of reality, Kant kept the notion of the timatgelf as different

from the percept, and in this way he kept a conneatiibh realism.

Heidegger

How does Martin Heidegger understand the physics of his day? Heidegger is not

Awell versedo in physics although apparer
the nature of sciendgleelan, 1995, p.579He did study physics and mathematics at

Albert Ludwig University in Freiburg after he abandoned the idea of becoming a

priest and Kockelmans saysat #fAf or a phil osopher o he is
about s eve(Kmlelmans, 1985 @22 & p.11Hlis knowledge of

physic st s apparently does not fetter Heideg
scientists, in contrast to scientists working on the level of Galileo and Newton, have
abandoned vigorous philosophical reflection and no longer know what the great

thinkers thouf t (l8eidegger, 2001, p.57) The current -physicist

critiqgue is not a consequence of their fn
blindness deter mi ned by(Hedegger,R2@4,p.600y of t h
Suchcategoricast at ement s i ndicate the tenor of H
science.

Theorists concerned about the nature of science digemmdupon
Hei degger s work. One of the reasons that
to those engaged in discussi@ut the philosophy of science is the way in which
the philosophy of science defined itself at the start of its modern tradition:
If any problem in the philosophy of science can justifiably be claimed
the most central or important, it is that of the matar structure of
scientific theory. For theories are the vehicle of scientific knowledge
and one way or another become involved in most aspects of the
scientific enterprise(Suppe, 1974, p.3)
Those who define the philosophy of science ingkiguousway this quotation
i mplies wil/l agree with Richardsonds memc
he ever lived, Heidegger could never be called a philosoplercof e nc e 0
(Richardson, 1968, p.511Actually, Richardson immediately qualifies the quoted

sentence ABut Tihasimpogantonémimdind gersuioephilesopher
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can afford to ignore the problems of scie
science rejects the notion that thegure of scientific theory is the most central or

most important issue to consider. Accordingly, Heidegger achieves standing as a
philosopher of science in the more recent tradition that emphasisestémglement

of human beings and institutions in amterprise. A leading proponent of the

her meneutic philosophy of science, Patric
figureo in t hi(Heelanm®82gHeealag, 1997, p.272; Heelam 1998;

Heelan, 205).

A characteristic of Heideggerods work i
single theoretical structure (his metaphysics). Nevertheless, this introduction isolates
adevelopment that is of particular relevance in the present thesis. Ithglten
schematism by which human understanding deals with phenomena, in other words
the foundational structure of the Dasein with regards categories. What is the hidden
schematism by which human understanding deals with phenomena? As indicated
earlier, Kam sought a schematism that would serve as the foundation of modern
science, working with the advantage of having contributed to research in physics.

Hei degger dés phil osophy of science begins
Phenomenological Interpretatiom f K &Gwtidtsi q u e o fanddeveleps Re a s 0|
in Kant and the Problem of Metaphysiésst published in 1929). At the end of the

|l ecture course Heidegger refers to the ma
presentationo nmmaktelse igas sdanftfiiacluldorten osfe Ka
says I s Kantds section entitled AThe sche
Und er st (Baiddggar,d997, p.291yhat appears crucial for Heidegger is that

the categories (which include the discipline of physics) cannot be taken as isolated
concepts of understanding, because they are all essentially related to time (for

examjpe though notions such as permanence, succession in time, and coexistence).

He indicates the way forward to the philosophy of physics:

Ai... categories belong essentially to
related imaginative synthesis. This it would do at all to set up an

isolated analytic of concepts and then to inquire into their employment

in a subsequent part. The question is the following: What belongs to the

pure synthesis as such and how do its concrete variations look as

regional principle®f nature3Heidegger, 1997, pp.29292)
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The concrete variations (regional ontologies, or ontic disciplivgsich include the

discipline of physics, or equally the theory of teaching, are grounded in fundamental
ontology, and it is fundament al ontol ogy
interest. Those concerned with the hermeneutic philosophy of seremsteproceed

from his insight into being and categories but away from fundamental ontology,

whilst always taking appropriate account of fundamental ontology. As Heidegger

says of this:

The question of Being aims therefore at ascertaining the

priori condtions not only for the possibility of the sciences which

examine entities as entities of such and such a type, and, in so doing,

already operate with an understanding of Being, but also for the

possibility of those ontologies themselves which are pridhé@ntical

sciencesand which provide their foundatiorBasically, all ontology, no

matter how rich and firmly compacted a system of categories it has at its

disposal, remains blind and perverted from its ownmost aim, if it has not

first adequately clafied the meaning of Being, and conceived this

clarification as its fundamental tasfHeidegger, 1962a, p.31, his

emphasis)

To reiterate, our present direction of enquiry is away from the fundamental task, and
yet we still need to be cognizant of the structure that relates the most fundamental to
the disciplines.

What is thea priori foundational structure that enables intellectual disciplines
like physics? Asked another way, what links the-fhx@oretical foundation of
understanding to the understanding that is characteristic of disciplines like physics?
Heidegger traversed thisrritory some years befoReing and TimeHis schema
from theKriegsnotsemestethe 1919 War Emergency Semester (KNS), is a sketch
that relates the preheoretical and the theoretical. He drew the diagram at the end of
a lecture to assist studentstudent Brecht records the sketch that Heidegger did not
include in his own notes, Heidegger, 2000b, p.186¢ sketch indicates what is
involved in the lermeneutic®f facticity and it is here adjudged as an attempt
(facilitated by Lask and the GermanAé@a nt i ans) t o cofigl|l et e Ka
descriptions of the schema, Kisiel, 1993, pp221 Kisiel, 1995b; Kisel, 2002) This
schema shows the relationship between physics and the foundational ontology of the

DaseinoBeingand Time |t hel ps to explicate the #fAc
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experience which is always at once active experiencing and the passive
e x per i(Kisiet B8da, p.177)

The pretheoretical part of the schema Heidegger develops by a reflection on
Husserl 6s principle that everything prese
taken simply as it gives itselfHeidegger, 2000a, p.92)he entities of physics
along with every other fAisomethingodo- passi v
logical something (motivated in a primal something) that is associated with an

objective-type something (motivated in a genuine-iferld). Thus, the relationship

is shown betweeformalizationt hat establi shed the Apri mal
life, andgeneraliaton( as for example in phystcs) tha
|l i kedbvewuwusal occurring fAistepwise and typeyv
drawn from particular | i f ewo(Kidied®94a,r r egi

p.179) This is a part of the phenomenological beginning8ehg and Timand of
the present thesis which it consid the beings of physics.

With Heideggerds schematism introduced
particular example of research? The origin of the modern science he locates in forms
of understanding that were known in ancient Greece. As already indicatedo&d
not imply that there is an evolution fron
every involvement with physics involves a cultivation of the hermeneutical situation
that is physicg§physics is a particular thematization, see Heidegger, 1962a, p.449)
Thus, the physicist must move beyond the standpoint of ordinary everydayness or
being with things as equipment or being with things as objects of contemplation, to
take up the particular restrictive stance. The stance of modern mathematical physics
which he deschies is in the words of Babi¢h995, p.590)s that which realises a
Nnper petual moti on machineo. This perpetu
institutionalised, experimeat projection. This, in turn, is the outcome of a particular
hermeneutic schematisation achieved by Dasein, and that he describes by reference
to an early Greek notion of mathematics. In the mathematical projection of nature, it
is not the mathematical gextion that is important but that whichagriori. This
topic is taken up again in chapter 3.

Finally in relation to Heideggeand his hermeneutic philosophy of science
there is to considehe relationship between science and technology. He atisrts
both modernscience andnoderntechnology areseen by us asxpressionsfo

modernityi they emerge in modernity and they are regarded as characteristic of
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modernity This ideacame to prominence in his latter period and particularly as the
resultofhist 955 | ectur e eomt iColnecde riinTi neg QQueecshtnio | o
lecturehe says the fAcurrent conception of tec
means and a human activity, can therefore be called the instrumental and

anthropological definition of 2 h n o | (ldegiggger, 1977b, p.5puch a
Adefinitiond he repudiates in favour of a
its essencehtough an explication of trutl, | U t. The éssence of technology has
Afeverythingo t diddg.42). Miderrmtebnogyésaihiguenbgcayse

it draws upon modern physics, whilst modern physics is unique because it draws

upon modern technologybut these features (he calls them mutual dependencies) of

the two are not the essential defining charasties of either. The relationship is

Amer el y hi s tibidypild)gvhieh s hoisayacbninggnt. Modern science

does not beget technology, nor does technology beget science. Rather, they are two
expressbnsof truth as it flows upward as the meteorical sap in the tree. In chapter

3, under the headi nmetaghdris madéexg@icitd bei ngso,
He i d e datieelectures on modernity are consistent with his early account of truth
although he lingers on different terminologyor example we read At he es
modern technology I|ies in Enframingo and
of r evibid p.25pTghoe (wor d AEnframingo isathe fs
deliberately artificial wordidas Gesteh a nd Y o u nwe naedtd leok fort h a t
some kind of Acoincidence of me(auighgo bet
2002, p.37)Kisiel colourfullyr e ¢ o r dGeStellhisd the afiefacticompositing

of planetary resources that repositions the world into a global warehouse to hold its
6natural 6 r esour ¢Keisl, 2008, p.g4)Feom this foundatioa,s er v e 0
Heidegger continues in a bid to establish a distinction betareient and modern
technol ogy; this controvertsdaHhHnaroosgey dd egp n
it echnol og iModern teghmokbgytaccording to Heidegger, is violent
(Schumacherdéds word) in comparison to the
i's passive or gentl e. Thi sastansegaganst of Hei o
modernism andjives rise to discussions about the ancient quest to discover the

nature of the good life and environmentaligfor example, in the research

programme of Irwin, 2010Neverthelesstiis the pervasiveness afl U t whiehi a

grounds the human being and the situation of the human being, aagphesin

modernity Vestern metaphysitas in othethistorical periodgthis is further
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devel oped in the first secFEuthenitiopfainchapter
that only tlmough an explication of truth may the relationship between modern
scienceand modern technology be properly conceivetordingly, t is truth that

the present enquimnaintairs as its focus.

Heelan

Patrick A. Heelan (1926 is a member of the Society of Jesus who is a leading
figure in the hermeneutic philosophy of moderiygbs. In the present thesis, use is
made of his account of incommensurable waikelvs, his insights into the
phenomenology of space perception and mathematics, and the hermeneutics of
experiments. Heelan is a physicist who for his second doctoral degileetakes a
study of the fAcrisis of objectivityo or t
(Heelan, 1965, p.ix) He i nvest iagatpehsi |tohseo pihpyhdoy soifc We r
Heisenberg (1901976), one of the architects of quantum mechanics. In 1965, with
reference to physics, Heelan asserts that there are two worlds with one identical
referent. These he casts as an observation language and an explamajuage:
The difference between observation language and explanatory language,
then, is not that they deal with different sets of referents, but that they
consider the same set within different contexts. One considers them
within the context of a WodHfor-us, while the other considers them
within the context of a Worldor-things.(Heelan, 1965, p.177)
This worki because it stays closettte practice of physicisisis the
commencement of the hermeneutic philosophy of science that Heidegger
inaugurates. Heelan says the task of the hermeneutic philosophy of science is
fiexplore at a philosophical level the sense in which interpretatiamnwerk in all of
physics and other experimental science, and to contribueeioing up a new
philosophical and metaphysicdl perspective on physics that was possibly
foreshadowed by Einstein and Heisenberg in their attempate sense of their
disc o v e (Heetas, 4998, p.273As mentioned earlier, Kant sets this task himself
in relation to Newton.
At the start of his text on the philosophy of science and space perception,
Heel an says the met hod of enquiry is fAphe
(Heelan, 1983b, p.2He expands this:
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...what we know is not limited to the deliverances of a unique privileged
perceptual framework constitution an absolute transculeumgirical

basis for all knowledge, and we can have access to a multiplicity of
possible perceptual horizons, both of the Euclidean and of non

Euclidean structure, ground both in unaided perception and in the use of

special technol o @gies)snveht@drusirg dceettiice 6 t ec hn
theories(Heelan, 1983b, p.2)
From Heelan, we | earn that whi ltselfto Newt on @

the perception of moving objects and involved Euclidean geometry, modern physics
is now engaged with a number of geometries and the mathematical determination of
objects whose nature and existence is highly problematic.

The present enquiry contieus He el anbés her meneutic phi
applying Heideggerds technique (the exist
science teachers and students. Heelan is precise regarding that which is the
di stinctive Awor ko sotrs.i nHviosl vpe nveontta | o fc osncci ee
states of affairs are given in an originary way to the experiencing scientist during the
course of sci dHhetlanfl®7a@, p.acsidegger mtroduces the
word fAapprehensionodo to orefheof tfopérmc eptmoo e
posits a public reality and involves foremost disclosing traith, U t. Fruethi wathin
apprehension is not in itself sufficient for science. Science also invatisgegquatio
truth as correspondence, in order to make public thetatied truth of apprehension.

This form of truth often presents a challenge in science. For example, on occasions
Newton wrote a word to describe a colour and then changed his mind. If Newton was
simply tired on the first occasion and thus mistaken atbaucorrect word to
associate with the colour, we might reasdc
consistent with regards to| U t, uenit acadaequatio Once Newton develops

work habits and skills with light, prisms, and recording, he achieves a situation

where his intention, the instrument, and the procedure (including prediction and
measurement) constitute a single embodint . Of t hi s Heel an say
in the fullest sense involves the possibility of a human subject embodying himself in
instrumentation not only for the purposes of observation, but also to create that

context, physical and noetic, which is thendition of possibility for the scientific

object to mani f e gHeelan,t1%7@, p.34)Later weowlll previde at i 0 n C

an existential analysis to indicate how Newton abides with truth.
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Instruments and human beings involved with a predetermined aspect of
Heideggegr 6 s Real , constitute a situation whe
shifto into the state of affairs of (say)
designed to render publicly verifiable information about the state of a physical
system as shown thgh instrumentatiofelaborated in Heelan, 1977, pp-32). If
this Areading of a text in contexto i s th
something science educators seek to convey.

Toulmin credits Heelan with eéhbreakthrough into the hermeneutic genus of
the philosophy of science. However, for Toulmin this work apparently extends into
physical science the humanistic, relativist, culture driven account of truth that founds
other disciplinegToulmin, 20@). Heidegger and Heelan see it otherviizae
hermeneutic account of physics/nature is an expression of reality conceived in
specific manner. This means historical science ismstorical, which is to say
modern physics is not founded in culture, aoe the practices of bench scientists
today in their essence derived from the work of predecessors. The principal
supporters of fAhistorical scienceodo today
sciences, says Heel aBeyondWwteedorand Dignisyas@k i nner G
exemplarHeelan, 1977, p.10; Skinner, 1971)

Finally, from hs experience investigating physicists and physics, Heelan
indicates the criteria to use when an existential analytic is to be judged:

In the hermeneutic tradition, philosophyiivas to bé a very personal

endeavour, and its power to persuade is moeedikistorical narrative

than an explanatory argument; it is dependent on the resonant strength

of the authordés voice in speaking from

philosophical, and scientific traditions to achieve an elucidation of

human experiencedm some perspectivé-deelan, 2001, p.404)

The contrast Heelan makes for the hermeneutic tradition is that with analytic
philosophy, and the critical issue is the nature of understanding. The hermeneutic
tradition suggests the importance of the individual bringing what may be brought
from the traditions of history, philosophy and science, to make sense of experience.
Those within the modern tradition include Gadamer, Habermas, Nietzsche, and
Foucault. Inthe present thesis the focus is Heidegger and Heelan because it is
physics which is at issue. The challenge within the hermeneutic tradition is taken up

in chapter 5 regarding Newtonds engagemen
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the elucidation of hmnan experience, as opposed to describing the properties of

objects and the place of things in the theory of modern physics.

The argument of the thesis

The thesis inaugurates a new understanding of physics education. It establishes the
principles of an ontogical pedagogy for modern physics to address a crisis hidden
within the discipline of physics. The crisis is apparent when we reflect on the
involvement of truth in the discipline as a whole and in physics education. The crisis
derives from the inabilitpf physics education to perpetuate physics because
students do not personally engage with the truth that is essential to physics.
How does this thesis enquire into truth and physics? This question calls for a
very particular kind of answer. Its extant imed of enquiryi the existential analytic
of Daseini rejects research questions, hypotheses, and scientism in all its guises.
Instead, a preliminary indication of the foundation and direction of enquiry stands to
introduce the thinking. Heidegger saysttimsuch circumstances it is necessary to
provide aformal indicationof the topic and the presuppositions that the enquiry will
probe. The initial formal indication of this thesis is that truth explicates physics and
physics education. The argument pred® through these steps:
1. Truth remains crucial, albeit controversial, in physics education (chapter 2)
2. Heidegger provides a percipient account of truth (chapter 3)
3. Truth reveals a crisis in physics education and suggests a path to its
amelioration (chaptef)
4, The involvement of truth in Newtonds ¢
(chapter 5)
5. The involvement of truth in a school provides insights into physics education
(chapter 6)
6. An ontological pedagogy for modern physics may overcome the crisis in
physics education and perpetuate physics (chapter 7).
The present enquiry moves from within the hermeneutic philosophy of science. It
uses Heideggerodés early account of phenome
experience of physics, as the hermeneutic philosopkgience understands that
experience. Obvious places to interrogate physics in this way are research
laboratories, deliberations in scientific journals, and historical accounts of significant

discoveries or advances in the theory of phydibe startingpoint of any such
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enquiry must be the human lifeorld of physics and the involvement of Dasein with
truth that entails.

The engagements in the hfeorld the present enquiry selects for
phenomenological analysis are (1) physics as it involves Isaac Namtbf?)
physics as it involves students in a school laboratory at Hillary College, Auckland.

Neither has previously been the grist of a phenomenological investigation with

Hei degger s met hod, although there are soa
respects. For example, Heelan provides an incisive enquiry into the work of physicist
Heisenberg. Although Heelan does not draw upon Heidegger, his project is the
foundational enquiry in the hermeneutic philosophy of sciefice.Metaphysical

Foundationsof Modern Physical Scien¢Burtt, 1954)al s o descri bes New
work by way of Newton, again without the
The enquiry into a school physics laboratory extends the hermeneutic

phenomenology of physics into a new field, education.

Why is Newton the appropriate representative of modern science in this
thesis? Given Heideggerds precise account
possible representative for a phenomenoldgoguiry is Galileo. Thipresens
practical difficulties becaughe present author does not speak Italian, the sources on
Galileo are more limited than those on Newton, and the cultuesriste from that
of the author. To abide with the beinffo anotter is a challenge and one should
not accept unnecessary obstacles. It would have been possible to select a figure from
the history of quantum physics and this would probably have been satisfactory.

Heelan selected Werner Heisenb&rghis enquiry and thatorked out well.

Alternatively, a modern scientist could provide material for a study. Those involved

in nanotechnology would be ideal for their methods display much that accord well

with the present taskdowever, there ia need to ensure that the tisagivests in an
acknowledgd personage in modern science and Newton incontrovertibly holds a
preeminent positiom the history of modern sciencehe focus in the thesis is on

Newt ondés optics, the inauguration of mode
Newton uses in this work is common in school science laboratories in North

America, the United Kingdom, Australia and New Zealand. Consequently, it is
possible to relate Newtondbds actitsthe i es t C
discipline ofphysics that the positivists take as their exemplar of science and the

present project in phenomenology may respect that tradition. This does not mean, of
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course, that studies of other theorists, and in biology, are not going to take their place
in this ontological tradition of enquiry

The thesis provides the analysis of the two engagements in the present tense:
strictly, the analysis is of thenquire Geesentengagemenfirst with the beings of
Newton and then with the beings of the school laboraiidns is characteristic of
this form of enquiry, it is an existential analytitDaseini the enquiry incorporates
the enquirer as Dasein along with other beings. A concomitant of this is that whoever
reads the enquiry can only consider its insights agalveir own situation. Like a
sports fixture, each engagement is unique for those on the field of play and
understood from their position.

It is crucialto distinguish the existential analytics in the thesis, which develop
in chapters 5 and 6, from Heidgg r 6 s account of modern sci ¢
Chapter 4 facilitates an initial access t
description ofesearch it is not an existential analytic. Heidegger derives his theory
of modern science from his compendi@acsount of Western metaphysics,
modernity. He also derives other human engagements from his metaphysics,
particularly art and technology. Heidegger renders the discipline of physics as an
expression of modernity. Whihaphysdei degger
holds exciting possibilities for physics education, some of which develop in chapter
4, the thesis enquires in another directdi
human way of being, as set out in chapter 3, and provides existeatligi@nthat
involve the truthbeings of Newton (chapter 5), and the trbings in a secondary
school physics laboratory (chapter 6).

Each chapter contributes to a Heideggerian conception of physics education,
which ultimately justifies a curriculum argkedagogyln summary

Chapter 2, ATrut hsed s c abexpoimedthercredibiltn p hy s
of the claim that physics education shelters our perplexity about truth. It begins with
enquiries into truth in general and then presents truth in dis@iiout schooling.
Next, there areontentions about truth in the propositions of physics. Finally, truth is
an issue in the intellectual discipline of physics. The chapter concludes that truth
remains disputed in physics and in education.

Chapt erde3g g efirHees t hdewelops ancaécountofihte hutman
being. This is the theory that subsequent chapters use in an existential ahagytic.

thread, which integrates the various aspects of Heideggerian ontology, is his insight
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into truth as disclosera | U t. Alldéings are trutibeings, because for Dasein they
are disclosures, and Dasein always abides with formulations of truth that manifest
through signification, which is to say in ftihe-sakeof-which-cascades. Every being
entails ontological undstanding and disposition. Significati, beings, the schema
and truth are available tnable us to make sense of observablepotment.

Chapter 4, APhysi c sprodaint theimplicatioosof educ at
Hei degger 6 s ac c ou nphysiosfeducatod. d then artictlatesn ce f or
another way to investigate physics education, says why this alternative is desirable,
and sets out the requisite theory. The chapter selecteXgmplas of physics to
pursue through existential analytics. They@a@alac Newt onds engageme
beings in the seventeenth century and the engagement of a teacher and students in a
contemporary New Zealand secondary school classroom.

Chapter 5, fNe wt displagsvioarlahakectswhattembracer ut h o
and contrasthte themes of work, discovery, observation, and disclosures in physics.

The ontological biography of Newton that develops in the first three enquiries shows
the beings of physics in complexesmith. The final enquirynoves to compare

Hei de g g e eodywithlplaehoenenoladgital conclusions about the nature of
physics.The chapter concludes with the observation that the most noticeable part of
modern physics is the ontic discipline which involves truth as correspondence, and
that the truth of disclosutey way of modern physics is a relatively infrequent
occurrence.

Chapter 6, AStudent eocawels| tWwiet Wi st utnfct
in schooling. It presents an existential
experience to exploreolv students engage with physics education. Five separate
enquires range over the themes of ordinary everydayness, student experience, the
holism of classroom interactions, and the-liferld of the teacher.

Chapter 7, nADi s c u speoifecsfour tapicst truthptmec | usi ons
nature of physics, physics education, and pedagogy. It builds upon, integrates, and
discusses the existential analytics of Dasein that appear in chapters 5 and 6. Physics
education is now understood as essential to the disciglipleysicsi it perpetuates
physics in and of itselfT hat modern physics in its essence holds a special
relationship with individual persorisit is never a group activity holds important
consequence#n ontological pedagogy of modern physics may overeonany

difficulties that beset modern physics.
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Chapter 2: Truth is important in physics

education

There is controversy in Western nations about what schools ought to teach their
students. Dissension appears in the political arena, in public policynand

classrooms each day. Although we might hope the debate proceeds on an agreed
understanding of what is at present taught and what should be taught, this is not the
case. The goals of physics education reflect disputes amongst physics teachers and in
thecommunity. What occurs in a school science classroom or laboratory is complex,
integrated, and variable. Heidegger is contemptuous of both the aims and methods of
schooling when he says that school s are
swift, massive distribution of ununderstood information to as many as possible in the
shortest pldesdaggeb 1989atpi85he O

The formal school physics curriculum, which often recogisgtional student
examinations, orients the process of teaching and learning. In physics education, a
modern syllabus may prescribe attitudes, skills, knowledge, and understanding. Such
documents, like physics textbooks, hold that the discipline of physiasists of
subject matter, set out in defined topics that draw upon a history of progressive
discovery about the nature and properties of matter and energy. Physics teachers
usually believe it is their task to adhere to both the syllabus and the idiscighich
means they prepare their students for examinations and genuinely introduce them in
the history and practice of physics. Students and teatlarsnuch as professional
scientists and those who fund schools and univer§itsedscribe to the wdn of the
intellectual discipline of physics.

Yet there is a shadow cast over the aspirations of physics teachers, students,
scientists, and those who fund science and education. The shadow over the subject is
cast by the philosophy of science, which nigahle to settle upon an account of the
discipline of physics, and by educational research that struggles to describe how
students come to understand physics or even the nature of that understanding. Such
uncertainty encourages curriculum planners to abamttellectual disciplines as the
foundation of national curricula. The challenge to the discipline of physics comes

fromthose who urge that schooling is about socialisation, citizenship, the learning of
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specific skills or attitudes, the personality afdgnts, or the integration of
knowledge.

The shadow deepens as philosophies of pluralism, relativism, and scepticism
imbue political, policy, and practical discussions about educati@monéemporary
philosopher suggests the descriptive r m f d etmeicomgpisuougfoup who
dismiss truth as the object of human enqui(i®dliams, 2002, p.5)

Understandably, it is difficult to distinguish the intellectual discipline of physics

from cultural expressions, simulations, and the products of imagination. As these all
gain respect as the artefacts of human aspiration, people hesitate to distinguish them
from each other. Information technology disguises the foundation of knowledge and
thereby levels all information. Teachers struggle to explain the internal character of
physics and its uniqueness.

How might we investigate these concerns about the inatmre of physics, its
pedagogy, and its involvement in society? Perhaps by advancing one notion that
appears critical in all of them, and that is the notion of truth. Ihtisiperplexing in
physics education, that perplexity may give us access to the essentiabintght of
physics. With that agenda, it behoves us to consider how truth appears in the subject
of physics and its teaching.

There are many and various claimade about truth that pertain to physics
education. These include universal claims about truth that apply to physics education
as much as anywhere, specific claims in the philosophy of science, and claims about
the curriculum. Perhaps the leading contamtiegarding truth in physics education
is that there are truths that constitute the discipline of physics and that the task of the
physics teacher is to introduce the student to precisely these particular thehs. T
immediate task is texplore the quegtn of truth in the teaching of physics through
thediverseenigmas that involve concepts of truth.

Accordingly, the exploration begins with enquiries into truth in general,
followed by examples where truth is involved in disputes about pedagogy. Next,
there areexamples that relate to truth in the propositions of science. Finally, there are
examples that show the involvement of truth in the intellectual discipline of physics.

I n i s apparent that these topicsabputogr ess

truth that are specific to physics.

27



Students and teachers shun truth (Nietzsche)

Di scussions about the human beingsd enga:q
students and teachers in schools as to anydieading modern philosopher who
proffers arguments about truth that he alleges hold universal applicability is
Friedrick Nietzsche (1844900). He makes two contributions to discussions about
truth that are of particular interest in physics education. First, his early arguments
represent the pervagscepticism just mentioned and second he advocates for the
virtue of truthfulness that all schools uphold.

Ni etzscheds assertion that there is a
holds implications for physics education. Cancharacterizghysics students and
scientists as isolated individual beings, each inherently driven by a will to truth, a
will that is born within them and which characterises their essence? Students who
engage with physics noticeably astronomy with its dramatic revedas and
speculation$ do express their desire to understand in a personal way the inner
nature and significance of phenomena. Some students even express their
wonderment that they are personally within tihnidathomableuniverse. Likewise,
practicing saentists may declare in their memoirs their fervent desire to know.
Although such observations support many theories, credibly, they reveal a
commandeering, unphilosophical, complicated willing witfiietzsche, 2002,
p.18) being aware also that the will to tru
(Nietzsche, 2002, p.5)

It happens that in schools, enquiring wilful students who crave truth confront
timetables, frenetic activity, and assorted pedagogical techniques. They find truth
does not appear on the timetable, except perhaps ingeniously in thosksghat
seek to advance a particular persuasion by professing the good name of truth. If the
question of truth is ever asked, teachers and students in modern schools might well
conclude as Nietzsche wrote in I&73, wher
responded with one long, pessimistic sentence:

A mobile army of metaphors, metonymies, anthropomorphisms, in short

a sum of human relations which have been subjected to poetic and

rhetorical intensification, translation, and decoration, and which, afte

they have been in use for a long time, strike a people as firmly

established, canonical, and binding; truths are illusions of which we
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have forgotten that they are illusions, metaphors which have become
worn by frequent use and have lost all sensuousuvjgoins which
have lost their stamp, are now regarded as metal and no longer as coins.
(Nietzsche, 1999b, p.146)
This description accords with the monotonous proffering of alleged relevance that
many associate with physics instruction when it diretiisents towards
examinations for the purpose of their advancement within institutions and
empl oyment. Nietzscheb6s conclusion is the
draw, for them schools do not proffer truth, and further, any belief in a permanent,
reliable, formation of truth is misplaced. In their involvement with schooling,
students are unlikely to suffer for the sake of truth and Nietzsche would approve of
their scepticisn{Nietzsche, 2002, p.26The physics teacher who asserts
Airel evanceo for the mobile army of truths
creation of a new generation that denies truth.
Ni et zscheds s econ dnsalmouttruthihbswa diffecemt t o di s

focusi he precisely identifies a moral virtue that holds universal recognition and is

germane in physics education. As he says,
truthful which soci e(Nigtzschepp99FH,gp446) n or der t
Truthfulness is Nietzscheds own virtue ar

truthful t h a n (Nietmasghe, A97% p.128B0ti Socieky and physics
impose the obligation of truthfulness on those involved in physics education. Civil
society protects itself through rules of conduct and if we behgetzsche, the
obligation to tell the truth leads all other obligations. Teachers and students carry
into the classroom the same obligations of truthfulness towards each other that are
extant in politics, the military, churches, and families.

Here, it is he requirements imposed on physics education by the discipline of
physics that takes particular relevance. Notwithstanding the inclinations of those
involved, the physics classroom involves special responsibilities towards
truthfulness. These derive froiinet requirement that physicists be truthful in their
work. The nature of their enquiry into matter and energy requires integrity, which
includes truthfulness to oneself and oned
where the truthfulness of physicistdesmonstratively inadequate. At the birth of
Newtonian physics, with both Galileo and Newton, historians record untruths and

falsifications over both the substance of findings and the provenance of
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achievements. For example, Col{erB. Cohen, 1985, p.10%)pserves that
Galileodbs originality was not exactly as
opinion on historical research into the Middle Ages byRhench scholar and
scientist Pierre DuheniNewton also departs from the requirements of truthfulness
when he disseminates the view that he discovered universal gravitation twenty years
before the evenWhilst we may excuse disputes over priority, dishonesty at the core
of a major work is disquieting. Newt onds
about Newtonébés fifudge factoro to highligh
the second edition dhePrincipia (Westfall, 1973) Westfall describes the arbitrary
nat ur e o forrédtmto lesrcdicsilations of the velocity of sound in air, the
acceleration of gravity at Paris derived
of the equinoxes. Westfall -ofleahddogevea o fianc
similar pretencegbr eci si ono, with the reference be
Principia regarding the calculation of the speed of so(Mvéstfall, 1980, p.734)
Had Newton been aware that the compression of sound ways generates heat (as was
demonstrated by Laplace a century later), Westfall would not have written:

The passage is one of the most embarrassing in the Whotapia,

since the adjustments rested on no empirical grounds whatever, and in

their manifest hollowness served only to cast undeserved doubt on the

basic analysis. In its very flagrancy, however, the adjusted derivation

gives us insight into the polemgmal behind the pretense of a higher

degree of precisior{Westfall, 1980, pp.73%36)
Like physicists themselve¥§Vestfall, assumes physics should display the virtue of
truthfulness. Why this is so when truth itself is in question and when Newton
achieves success in spite of his deficier
Nietzsche mighthae i ncl uded Atrut hful nesso when h
where the dr i ve (Netzschherl9294) p.lel@entairdy, Wiliamsn 0
finds amaterialrelation$ip between these concepts as he ofeath &
Truthfulnesswith his observation that there is a demand and drive towards both truth
and truthfulnesg§Williams, 2002,p.1) |t i s Westfall s determ
deceived (as opposed t o Nbeatvrequiredatentbret er mi r
here

This unconditional will to truthwhat is it? Is it the will not to ledneself

be deceived? Is it the will not to deceive? For the will to tnathld be
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interpreted in this second wagoi if i1 d o n ddceiveviaysdl 0 t o

is included as a special case under the generalization d o not want t o

decei veo. But why notoneselfckocbe ve? But why

deceived?Nietzsche, 2001, p.200)

Westfall ds disquiet regarding Newtonbs de
might show over a marginal author andusmmportantwork. It is because it is

Newton, and beasse it is the exemplarily (and in this case even paradigmatic) work

of modern physics, that Westfallds findir
readers find this to be the cdsbecause they also hold an expectation of Newton.

When Westfall publised his findings irsciencea physicistabricatal a futile

attempt to justify Newton by appealing to an aspect of scientific procedure

(McHugh, Armstrong, Boultbee, & Westfall, 197®hysicists do not expect Newton

to deceive them, and physics students do not expect their teachers to deceive them.

These situations are more than contingent, they are indicative of something

foundational to the discipline of physics, something that appears in the context of

research anah the context of physics education. Williams, who claims the support

of NietzschgWilliams, 2002, p.6Q) wi | | advance that this s
di sci pline of physicso exprretfdnesds t hough t
fimplies a respect for the truiWilliams, 2002, p.11)

With this, there is a bifurcation in the argument: it is possible to conceive truth
through its association with reality, and it is possible to conceive truth through its
association with moral virtues. For Williams, truth itself is an exjpoassf two
mor e basic virtudsurdcyhaad Sinbedatyi iwbdighmeans, i es as
fiyou do the best you can to acquire true belefisl what you sageveals what you
believed (Williams, 2002, p.11)Williams asserts that the relationship between
truthfulnessand truth is confined within the spectra of moral virtues, and thus
exclusively about the human being. Truthfulness and truth are creatures of procedure
when you Adoo and Asayo. The alternative
advances that she spsake truth when her statement accords with reality or
phenomendias contemporary students say, fdyou
Nietzsche and Williams are helpful in the subsequent discussion of truth and
physical reality. For the moment, to ggstematic, consider another general account

from the deniers of truth. 1t is Rortyods
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power and institutions a further version of scepticism, which applies to the physics

classroom as much as elsewhere.

Physics teachers are evangelists (Rorty)

Those who di spense with t(2002fptb9kays,aen on en
obliged to account for the association between physics education in classrooms today
and innovation at Woolsthorpe three hundred years ago. They must say how science
maintains itself and develops. This challenge falls to the pragmatists, and the
American Richard Rorty (1932007) wrote extensively as their representative.
Pragmatists argue that we may explain physics without recourse to any concept of
truth, which meansve need only to address ourselves to the technical and social
benefits of physics, Asolidarity, democr a
ot her | a u(wdpebhbps untainydckacacterise them with the words of their
opponent, Williams, 2002, p.59)

Rorty asserts the manner in which science advances is consistent with the
manner by which other mian endeavours proceed, irrespective of the status
accorded to science by todayds secul ari se
priests(Rorty, 1991, p.35)Pragmatists find solidarity and consensus to be the
touchstones of science and religion:

Pragmatists would like to replace the desire for objegtivihe desire

to be in touch with a reality which is more than some community with

which we identify ourselvels with the desire for solidarity with that

community. They think that the habits of relying on persuasion rather

than force, of respect for tlupinions of colleagues, of curiosity and

eagerness for new data and ideas, arerthevirtues which scientists

have. They do not think that there is an intellectual virtue called

Arational ityo over af(Roty,dd®bp3B) t hese mor
Thus, the role of the physics classroom is to establistiasdly between generations
of physicists. Newton and young students share the intellectual virtues of persuasion,
respect, curiosity, and eagerness. Mention will soon be made of the extent of
Newt ondés determination to persuade.

It may be inferred that fdRorty, physics education is an elaborate attempt to
persuade the young to join the community of older scieritiptsysics evangelism.

Rouse(2003,p92d escr i bes Rortyodés account of trut
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antireali smo which accords with the feel.]
their being Asmall cogs within a machi ne
discipline. ReicH{1996,p.342s ays Rortydés pragmati sm negl
attempts to found a Ali beral utopiao. The
Society and its offspringorgamis i ons i nternationally suppc
t he Soci ety Oprsights arel setroh encoarggsg afid sustaining

excellent science and technology and ensuring that the astonishing advances that will
come in the next decadesareused febtte nef i t of soReexty, worl
2009) AnThe Royal Society of New Zeal and Ac
in section 10(3) whichrequise t hat t he financida$notst at emer
mention truth in relation to science, instead section 6(b) says one function of the

Soci etryedosgrniosdi excel |l ence(NewZeatawdi ence and
Government, 1997)nstrumentalist and idealist accounts of science direct our

attention away from truth.

Rortyds | ocus of sencaunter that iakes platee fr ee a
between human beings in communal settingsinstitutionsi and consequently
there is no reason to praise scientists for being objective, logical, methodical, or
devoted to trut h; hpoawsetheastutiong tieghaee i1 s r easc
devel oped and within which they worko bec
concreteness and detail to the ideal of unforced agredRerty, 1991, p.39)The
physics classroom and the physics library bask in this acclaim and relish their status
as loci of moral virtué even if they e no longer repositories of truth.

People may debate whether or not the physics classroom is one of the
institutions that display Rortydés ideal C
that debate emerges on two levels. First, there are teachefeausoon the
discipline itself, the content of physics, and allow both phenomena and theory to
display themselves, and second there are teachers who propel students towards
correct answers in their own interests, &
record many things that did not occur. Notice thatinbothplaythé i s i1 rr el eva
(according to Rorty) and if students wish to know what to believe about phenomena
or examinations, it is best if they listen to as many suggestions and arguments as
they can. With this form of relativism, it does not matter what physics teachers

advance, as long as it is unforced and everyone agrees. The locus of truth is the
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physics classroom as much as it is the research institutions of science, or the
initiation cerenonies of satanic cults.

Rortyds |l egitimation of science withou
it removes the criterion of truth from all their practical debates. People who seek
money for their #Adisciplineachithestarause, pa
emulate the institutional characteristics of physics. Likewise, those who seek to
incorporate a poirdf-vi ew i nt o nati onal curricul a. It
that levels the disciplines, and thus generates a uniformity of sthaireffectively
influences decisiomakers against those who assert truth. The success of those who
are not engaged with the rigours of truth itself becomes evidence that the notion of
truth is a superseded ideal, and this further directs resources anagifciplines
that have traditionally involved truth in their rationale.

How adequate is Rortyds account of nat
superfluous? The short answer is that it is correct as far as it go@s elaborate a
pragmatic descriptin of the mechanism of science, we find that the detail smuggles
in contentions about truth. To see this occur it is necessary to examine a theory of
science that comes from what Rorty calls the {faginian era. Within the genus of
postKuhnian theoriess t he speci es -Wwihmag Rwohmniyarmcias ng,
being the same theory that he r(Roftyers t o a
1991, p.38)Left-wing Kuhnianism is a poor example to consider because it lacks
detail. However, Rorty lists other Pdsthnianists to include Kuhn, Toulmin,

Feyerabed, and Hanse(Rorty, 1991,p.95) and Toultofthedéds accoun
mechanism of science is detailed and includes examples, some of which derive from

his own experience as a practising physicist. Toulmin, who argues that truth can be a
relative quality which is dependent on historical and cultural contexts, seas 0

historical example to support his the@lanik & Toulmin, 1996)More recently,
Toulmintraces he phi | os o p h déaclkstdDesgcartesand Holbes, and ut h
lauds Dewey, Wittgenstein, Heidegger and Rorty for abandoning that tradition

(Toulmin, 1990)

Toulmin notices that many developmental systems proceed through
idertifiable stages whereby when the stages operate in sequence, change appears
purposeful, designed, or teleological. His theorjAuman Understandingxplains
how the mechanism itself operates in each case without a designer and without a

particular purposéloulmin, 1972) He identifies the overarching theory as the
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General Theory of Evolution and details its operation concerning living species, the
artdacts of technology, and intellectual disciplines. The model posits three stages:
variation development, selection of variants, and a mechanism for the perpetuation

of selected variants. In the case of intellectual disciplines, those initiated into the

ways of the discipline work to produce var
proposal s, or Ahypotheseso. Coll eagues suU
di scussions held in conferences or in the

have litle merit are (hopefully) politely forgotten. Those innovations that
participants deem worthwhile they incorporate into the literature of the discipline,
into lectures they present, and require in the essays of their students. It is in this way
that particlar notions perpetuate. Although perpetuation may secure a place in the
history of the discipline, participants expect new variants to overtake even the most
celebrated of variants.

The elaboration of the mechanism and the essential role of institutidgs, o
serves to identify more precisely where truth potentially is an issue. There are two
loci to appraise. The first is the creative act that generates a variant, and the second is
the human act of choice involved in advancing a particular variant. Wanttled to
di scuss each of these problematics dr awir
open forumi now apparent as the site for inspiration in the production of variants
and as the site of selection procegdsssll involves individual human begs, all
with their paradoxicahttributes, using whatever criteria they may as they judge
assertions. We should not assume that truth is not involved. Toulmin himself writes
convincingly about the nerational factors that are involved in the advance of
science, and he argues that science has a pervasive influence on political and cultural
affairs. It is that which hides from us that drives humankiagd this may include
truth.

For the purposes of the present discussion about the role of truth inidesipl
it is only necessary to discern this situation, it is not necessary to resolve it. With this
particular observation regarding Toul min¢
statements, and the nature of the support statements may attractgabsaue for
the postKuhnian constructivists that Rorty applauds and joins. The next section

attends to statements in physics.
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True propositions in physics education (Aguinas)

Those in schools talk and write incessantly and some of this commotion is
communicabn about the formal physics curriculum. In relative peace, teachers
consider the statements made by students that relate to the formal curriculum and
Amar k their wor ko. -chameteristiofcdhoolaverkd Eathh e cr 0 s s
instance involves a pretermined standard, criterion, or specification, an assertion
by the student, and a judgment by the teacher. An industry now assists teachers in
the evaluation of students against criteria, and it is said that teachers should assess
students in a fair anidnpartial manner. It is a foundationalemiseof schooling that
the criteria which derive from the formal curriculum and the discipline of physics are
together to hold sway over all the inclinations of physics teachers and students. If
theassetions andudgements made by students and teachers do not involve truth,
then we can be confident that truth is not involved in physics education.

When they explain the discipline of physics to the public, physicists
sometimes appeal to truth and the public showvdifficulty with the notion.
Consider two examples from Feynmands 196/
says fAl would | i ke t o i(FeynmantlOabtp85Thehat suc
audience must understand truth for this simple sentence to make sense. They expect
Feynymam6s il lustration is going to show the
and some more foundational true truth which is available for comparison. The
second example involves the same components. With reference to the advance of
t heor y t owa ondept ofigmvityt aachirdparticalar the problem of
planetary movements, he says:

At the time of Kepler some people answered this problem by saying that

there were angels behind them beating their wings, and pushing the

planets around an orbit. As you wakke, the answer is not very far from

the truth. The only difference is that the angels sit in a different direction

and their wings push inward$:eynman, 1965, p.18)
Feynman develops his engaging narrative to indicate that whilst the theory of
gravitation has advanced, the inh@ressence of the phenomenon remains a
mystery. He alludes to three accounts of a single phenomenon in the paragraph: that
which involves angel s, Newt onds account ,

the previous e xamplbitythafiassoaate with Ggomedthessat e s ¢
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The two examples introduce a form of teleology into phyisiesplanations are
better if they are closer to the truth, and the purpose of explanation is the revelation
of the truth.

In philosophy, there is a theoapout truth that is relevant to the involvement
of truth in the assertions made by students in classrooms and physicists who speak in
public. When people deestatements true or false, they engage an understanding of
truth (Cooper in Phillips, 1993, p.30Vhetheoryi which postulates that we may
locate truth in the correspondence between assedimhfacts has a tradition of
contention and many variants. Victorian school administraistesd the facts that
teachers must teach in their schools, whilst modern curriculum officials provide
guidelines on the knowledge and understand that students must demanstrate
between then and now the theory of truth endures. Theorists interpret thé Wwoadc t 0
in many ways, although it always alludes to something definitive and relatively
certain. At one extreme are those who assert that the claim that a statement is true is
nothing more than an assertion that it accords with another statement. Thecaudie
at the Messenger Lecture would find this very unsatisfactory for they were not there
to delight in word games. They came to hear Feynman tell them about the current
engagement of physics with an external world. In which case they have already set
for us the problem of the relation between words and worlds, and directed Feynman
to produce grounds for the truth of his words that are not merely linguistic.

Variants of the correspondence theory of truth develop through ancient and
medieval authors and Aquas (12251274) provides a succinct account of them in
hisQuaestiones disputatae de veritatich was the outcome of a formal process
of enquiry with his students that began about 1Z&fuinas, 1994, pp.xxvi).

Aquinas is a suitable theorist to facilitate a review ef éhgagement between the
correspondence theory of truth and physics education. Aquinas proceeds through an
analysis of three definitions of truth, leading with the contention that truth and being
are the same. Hence, the question is posed, how might Aguieapret the talking

and writing about the formal curriculum in a contemporary physics classroom?

In the process of evaluation, the work of the student always begins with a
guestioni a question posed by the teacher. That question produces a respbnse an
the teacher compares the response to a marking schedule. Whether each of these
components is oral, in written sentences,

messages, is a matter to consider shortly. Whilst the education service usually
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provides the critea in the marking schedule in full written sentences in received
language, the modes of communication in physics education vary. Such variability
does not stop teachers from declaring thea
statements are true. Abdiiis, Aquinas begins:
First of all, it [truth] is defined according to that which precedes truth

and is the basis of truth. This is why

which i so; and Avicenna: fiThe truth of
actofbeinpvhi ch has been established for it
true is the undividedness of t he act o]

(Aquinas, 1994, pp8)
That which precedes the truth is the written criterion in the curriculum, now
speci fied fias t he rmtadss sa oderttriudarh or.e dIfi o ate
precedes him, then the student utters that which is true. Truth for the student is that
which is in the curriculum specification.
reference to the criterion of the curricaoiun its written form.

When the curriculum itself becomes the truth in this way, we notice how any
statement might stand as the foundation (basis) of the curriculum and accordingly the
foundation (basis) of truth.eilntgoi sanAlvi cen
nothing else that establishes the foundation of truth. Should the physics curriculum
enshrine only the angel theory of planetary movement, then the angel theory of
movement is the basis for truth, and this truth is that spoken by students in thei
examinations. About this, teachers are likely to express two sentiments: they
sympat hi se with the students6é predi cament
determine the curriculum.

Those who determine the physics curriculum confront the challengatiofgv
their discipline into documents that both facilitate pedagogy and conform to an
adequate understanding of the discipline of physics. The truth is now the truth that is
in their mind as the result of the academic literature, the lectures they aiherthe
experiments they conduct. This account of truth supports the predominance of senior
physicists on curriculum writing panels and it is about such situations that Aquinas
develops his second account of truth:

Truth is also defined in another wiayacwrding to that in which its

intelligible determination is formally completed. Thus, Isaac writes:

ATruth is the conformity of thing and

38



rectitude perceptible only by the mind
to be baed on some conformity. The Philosopher says that in defining
truth we say that truth i s had when on
that not t o (Ageinasyb4mh7)i s not . o
To be true, the physics curriculum must conform (to use the word Isaac uses) with
that whichisit he mi nd of the curriculum develop
curriculum and the Aintellecto at i ssue i
theory of planetary motion may still be paramount in the physics curriculum if it is
t h eectitide peceptiblé t o curri culum devel oper s.
Feynman introduces the angel theory of planetary movement to illustrate the
advance of Ne wtemphészehd persistentynystemods aspect of his
phenomena. There are relationships between the angel theoye wt ondés t heor
a true situation. (Someti mes the word Ar e
same relationships pertain in the example of the public official who determines the
curriculum, and these relationships precipitate the thirdwattoaf truth that Aquinas
identifies:
The third way of defining truth is according to the effect following upon
it. Thus, Hilary [of Poitiers] says that the true is that which manifests

and proclaims existence. And Augustine [in the b@okthe true

religionf s ay s : ATruth i s that by which that
al so: ATruth is that according to whic
t hi n(Ageinas, 1994, p.8)
Inthi s brief quotation, it appears that ndat
per the earlier sense outithe However, Aquinas here refer

existence of things independent of the human being. The notion of judgement

remains explicit as for other variants of the correspondence theory that Aquinas

sketches, although now the decision itsblbwsit hat whi ch i sd6. The

proposition depends on its accordance with an actual, real, true, external, state of

affairs. It is now possible to say that truth has its foundation in tlifgsinas,

1994,p9) We see that Atruth has a faundati or

truth I s perfected only t(Wippelulg89, pdd7) oper at
The correspondence theory of truth in all of the senses igehby Aquinas is

hegemonic in physics and physics education. Its position as the kind of truth

advanced by common sense in our everyday life reinforces its dominance. A
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studentdés first introduction to pheysics &
proposition that physics is about that which is beyond our experience yet knowable.
Newton anguished over the concept of truth entailed in this relationship as his
mathematical projection of nature strengthened, and since the time of Aristotle,
peopleha e proffered that physics is humankin

confront the ultimate truth, physical reality.

Truth in the philosophy of physics (Newton)

The present study compares physics as it was for Newton with physics as it is now

for students. Tuth is the venhicle that facilitates this comparison, and consequently

Newt on6s deliberations about truth and th
the seventeenth century experimentalists, are relevant. The texts that assist us to

appr eci atsentimeatsvabauntratis are those which engage topics such as

reality, experiment, and induction.

There i s much that remains unclear abo
example, interpretations of the famous as
Philosophiae Naturalis Principia Mathematicahyfiotheses non fingo, r e mai n
controversial, in part because Newton useEe
(Hansen, 1970, p.15The cataloguing of uses and examples is not going to assist
our understanding of the expression, inst
framewor k f dqHansanyl®®iplBBANewsod scholar observes that
what i s particularly obscure i s Newtonods
natural philosophyG. E. Smith, 2002, p.139) I nvol ved in Newtonos
Ahypothesesodo i s his pbeedfasbecwardoiAsr wk
Newt onds accounts of truth are congruous
1664 at Trinity College when he alone questions ancient and modern sources, and
from about the same time when he engages with truth in warkstheeparatory to
the Opticks(first published much later in 1704).

In 1664, a twentytwo year old Newton at Trinity College headed his notebook
fiQuestiones quaedam Philosopbizce Ab ov e t h eAmicus Plateeamicus wr ot e
Aristoteles magis amicavergab , borr owi ng an expression |
physician and natural philosopher Walter Charleton, who in turn drew his inspiration
from Plato and AristotléCambridge University Library, 2002; Newton, 1668,

folio 1; Taran, 2001, p.4 & p.12)n whatever form the statement appears, it means
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that truth (the nature of which is unspecified or variously specified) stands superior

to the teachings of any human teacher. Thus, truth is independent of human beings.

A

Charletm 6s sl ogan is the only extant phil oso

makes in his notebook as he embarks on his career as an experimental philosopher.
Whilst truth was not a topic Newton explicitly wrote about at that time, a concern for
truth is appaent in theQuestiones The very first enOffy in
y® first matep) is about the relationship between a point in mathematics and inatter
the point is indivisible and the body is divisilfidewton, 166465, folio 1-2). His
deliberations show that he was perplexed by the separateness of these truths, using
truth in a sense that e hwhihi$censiftentwithu al o,
the title where fimatter o refer stwhich real i
is most basic for human kind.

Although he does not examine the concept of truth or make much of the word
Aitrueo, Newton does not shy away from it
the third folio where fAdjustunerdionedsanditlee d i n

ninth and fiftieth folios that concern a different topic. In this way, truth is from the

S

—+

start i nvol ved in Newtonds deliberations.

The role of truth in Newtonds philosop

Opticks of which Coher{f wh o t r a n s | Rhilogophisd\Naturalis Pridcigpia
Mathematicaand wrote extensively on Newtorg,ay s it i s t he HfAmost
public statement he ever made of his philosophy of science or his conception of the
experi ment al ¢l.3Bi Gomeh & Wasttall, 1985, h1@7d Mewton,

1999) The work of theDpticksconsiderably predates its first publication in 1704,

and although it is the second edition which provides the quotations in the present
investigation its new material still draws upon the earlier period of thought. This

period of relevant work is that subsequent to his 1672 paper on colours (sent to

Ol denburg), and it is a time that dtells
f o eightiyears ..had locked himself in a remorseless struggle with Trydight

years offiuneaten meals and sleepless nightsf continued ecstasy as he faced

Truth directly on grounds hitherto unknown to the human gestfall, 1980,

p.238 & p.239)

How shoul d we understand Westfall 6s <ca

consider sora of the correspondence from around that time, and then the more
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definitive statement in th@pticks As Newton commented in a letter to Oldenburg,
about Pardiesodo | etter:

For the best and safest method of philosophizing seems to be, first to

inquire diligently into the properties of things, and establishing those

properties by experiments and then to proceed more slowly to

hypotheses for the explanation of them. For hypotheses should be

subservient only in explaining the properties of things, but not assume

in determining them; unless so far as they may furnish experiments. For

if the possibility of hypotheses is to be the test of the truth and reality of

things, | see not how certainty can be obtained in any science; since

numerous hypotheses may be dedjsghich shall seem to overcome

new difficulties.(Newton, 1978, p.106)
Westfall 68 tndeapeantienon of this passage uUSs
of 0 sub@estfall,il®88,p.242) t i s Newtonbds assertion
certainty in science that usually takes attention when this quotation is read by many.
Feyerabend explicitly says this text esta
this he means that Newton clearly format es t he vi ew t hat Aonl
that has been built up in a purely inductive fashion can claim to be genuine
knowl edge. Theories which are partly meta
(Feyerabend, 1999, p.QHere, however, what is of interest is the veilecoant of
truth which involves Newton in more than the simple truths of perception and
induction.

Newton indicates in his letter that his method involves: things that are
independent of people, properties that are revelations to people about things,
experments that assist with the identification of properties, and hypotheses that
explain properties (not the things themselves). His statements about hypotheses
amount to a stipulative definition of the
isderivedf r om an understanding of Atruth and 1
a method of access to truth and reality, because, he implies, hypotheses about truth
and reality will always be diverse and there is no adequate way to assess them. This
leavesthavor d Ahypot hesesd for wuse in relatiotl
fithen to proceed more slowly to hypathe s f or t he expl anati on

make it cl ear wh a't the Athemo refers to:
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phenomena/that which expemmis investigate/that which has properties. In the
overal/l sense of the paragraph, It i s fAph
Newton again summarises this very arrangement in a reply to Oldenburg,
however his use of the Awordo truth in th
é ¢annot think it effectual for determining truth, to examin the several
waies by which Pheenomena may be explained, unless where there can
be a perfect enumeration of all those waies. You know, the proper
Method forinquiring after the properties of things,ito deduce them
from Experiments. ... the Theory, which | propounded, was evinced to
me, not by inferring 'tis thus because not otherwise, that is, not by
deducing it only from a confutation of contrary suppositions, but by
deriving it from Experimentsancluding positively and directly.
(Newton, 1672, p.5004)
The Royal Societynovides the Latin origingINewton, 1672, p.5006An
alternative translationf the critical passage is:
It doesndt seem to me that there is an
as the diverse modes are examined by which phenomena can be
explained unless there could be a perfect (i.e. complete) enumeration of
all those modegR. Small, 2009)
The word At r dotrdiedoto thesbeshod severalsnedis of explanation of
a phenomenon, and accordingly itithes a cor
correspondence being between the hypothesis (a sentence) and reality.
Schematically, Ne wt tuthécan be displagyede¢hust hat i n
Reality/the truth (about which there can be hypotheses in sense 1 of the word, and
Newton rejects such hypothesegoto) I Phenomena (sense made of reality through
perception regarding propertiésHypotheses about phenomdhgpotheses in
sense 2 of the word, and the business of experimental sciefiogh as the best
hypotheses (sense 2) on the day. This indicates a significant step towards the explicit
separation of truth and reality from the work of the experimentahtst. Newton
believes in reality described as the unknowable truth or simply, the Truth. It is about
hypotheses that concern the properties of phenomena that we may discern truth,

which is our approval of a correspondence.
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These uses o faretapparenwroth@gtickd Congider twm
passages he wrote in English. The first relates natural philosophy to a metaphysical
system:
Whereas the main Business of NaiuPhilosophy is to argue from
Phaenomena without feigning Hypotheses, and to deduege€dom
Effects, till we come to the very first Cause, which certainly is not
mechanical; and not only to unfold the Mechanism of the World, but
chiefly to resolve these and such like QuestigNgwton, 1718, p.344)
And a little later following his descriptioo f h ow p a rét passivedaws i ha v e
ofMoti on as naturally (Newonl718 366 m t hat For c
These Principles | consider not as occult Qualities, supposed to result
from the specifick Forms of Things, but as general Laws of Nature, by
whicht he Thi ngs t h d: hsireTtuth appearing te usfoyo r mé
Phaenomena, thoughdirCaus s be not dyNewtondvli8,cover 0
pp.376-377)
This paragraph follows a list of examples/questions drawn from physics and biology;
alt hough, itthat\Neine doth nathsng in vain; and whence arises all that
Order and Beauty which we seeinthe Wodld? coul d bel onme to ano
(Newton, 1718, p.344) ater he is more specifidlao ut t he figener al La
Natureo, which he procl ai nEsperamerdsamdst a bl i s h
Observations, and in drawing general Conclusions from them by Indaction
(Newton, 1718, p.380)
The hidden nature of things (including their causes) is not in itself amenable to
hypotheses; neverthelessis nature produces phenomena that are amendable to

hypotheses and we are to discern general laws by way of these hypotheses and

i nduction. The expression he uses on page
there i s At heir the ocault Qualitied Gnkaowable fedity)®eh c e t o
things, and there is fAitheir trutho as ent

general Laws of Nature. He asserts that sentences that arise from induction are the
truths about the unknowable Forms of Thingbkjch is Truth.

That concludes the summary of the notion of truth that engaged Newton,
particularly his eightyear struggle to describe Truth in relation to the method of

experimental sciendework that eventually appeared in ldgpticks Had Kant
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accessdé t he account given here, he might not
cal cul at i o (Kant, 8969, N&&)wt o n O

Reality as the truth that founds physics (Plato and Aristotle)

Mention has been made of the hegemony of correspondence theories of truth in

physics and physic education. The foremost correspondence theory in physics
education today is that which asserts t haea
an enduring physical réty that is independent of the human being. Aristotle alludes

to this theory irPhysicswhen he refers to the truth that constrains and holds with
reference earlier writers, Aal l of them I
principles, with he contraries, giving no reason indeed for the theory, but
constrained as i t(PhyskcsBk 1d838b2T388&30, Aristatle,h i t s el
1984, p.322)Reality constrains those who produce theory in the discipline of

physcsi the very theory that becomes the content of school physics courses. The

notion of reality as constraint is something that children appreciate as they physically
engage with their environment and discover it restrains them. Youth carry this

understanishg of nature with them into classrooms where physics teachers reinforce

it . As a teacher wr ot e, isince students
than a decade their intui(Redish&V¥iceuntisiual | yv ha
2004, p.50)

Physics education has a history as long as that of physics Risd.
acknowledges the subject of physics as one of the empirical studies wherein students
seek to understand nature with absolute certdiéydegger, 1995b, p.16;

Heidegger, 2009, p.27Although it is usual tembraceeducational institutions

because they benefit students, they are also essential for formal disciplines such as
physics. Because the problematic of truth and reality is integral to physics, it is also
integral to physics education. This problemati¢ruth in education is not that

alluded to by those who assert that teachers must be honest and teach the truth.
Rather, physics education imports from the discipline of physics itself certain
inherent qualities and presuppositions that are problematic.

Aristotle opengPhysicswith an account of the disciple that in its most

fundamental features endures with physicists to this day:
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When the objects of an inquiry, in any department, have principles,

causes, or elements, it is through acquaintance witetthat

knowledge and understandirggattained. For we do not think that we

know a thing until we are acquainted with its primary causes or first

principles, and have carried our analysis as far as its elements. Plainly,

therefore, in the science of naguioo our first task will be to try to

determine what relates to its principl@8hysics Bk. 1 184a1084a16,

Aristotle, 1984, p.315)
Although the element of correspondence is essential in this statement, the foundation
of physics is specifically the objects of enquiry that have principles. These objects
physical phenomeriatoday engage students who deem them credible because they
are the objects of perception and because they assert an already understood reality
that entais constraint. Aristotle supports his general statement with an example that
was later to engage Newton, motion:

Now the principles which cause motion in a natural way are two, of

which one is not natural, as it has no principle of motion in itself. Of this

kind is whatever causes movement, not being itself moved, such as that

which is completely unchangeable, the primary reality, and the essence

of a thing, i.e. the form; for this is the end or that for the sake of which.

Hence since nature is for the sakkesomething, we must know this

cause al so. We munsalltheesenpek af theiterm,he &6 why o

namely, that fromthis hat wi ||l necessathei |y result

without qualification or for the most part); that this must be so if that is

to beso (as the conclusion presupposes the premises); that this was the

essence of the thing; and because it is better thus (not without

qualification, but with reference to the substance in each &dg)sics

Bk. 2 198a36198h9, Arstotle, 1984, p.388)
That a correspondence theory is involved
assertion that we must explain and from the tier structure (later to become
Aduali smo) that the paragr aph ingaddvedas whol e
explicit and about reality he tells us these things: it is unchangeable, it is primary, it
is the essence of a thing (the form), and it is the form (essence) of reality that

i ndi cates the Afor t he sakeutof twhatc hios TRre
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itself movedod when we observe movement in
not refer to the aforementioned constraints that children discover as they mature:

children encounter the constraints of nature, and Aristotle initbe paragraph
refers to the constraints of reality. Ar
involves a notion akin to consciousness and it entails arfodghismthat blends

form and matter into an amalgam that is unlike the modern understandivg of
physical world(Shields, 1993, pp.16465; Tartaglia, 2007, p.66) he description of
form just ci t edforithis@the end c that forehle sakeloowdpigh (

somehow associated with realityasll as nature.

-]

Elsewhere, when Aristotle describes the subject matter of physics, it is nature
and not reality that engages those who dwell with the subject. In this, Aristotle
allows scope for children and professional physicists alike, as both mathé&ck
experience needed to take a comprehensive view of the admitted facts:

Lack of experience diminishes opower of taking a comprehensive

view of the admitted facts. Hence thoseovdwell in intimate

associatiorwith nature and its phenomena are mdiie & lay down

principles suclas to admit of a wide and cohetelevelopment; while

those whondevotion to abstract discussions has reademobservant

of the facts aréoo ready to dogmatize on the basis of a few

observationsThe rivaltreatments of t@ subject now before us Wil

serve to illustrate how grea the difference between a scientific and a

dialectical method of inquirfOn Generation and Corruption Bk. 1

316a5316al4, Arstotle, 1984, p.515)
Again, a correspondence theory is apparent as are facts, both those facts that are
promising for fiwide and coherent devel opn
rival di sci pl i ne siploysicsanchehtloboptydifferaflyin nqui r y C
the extent to which they involve the facts in deliberations. Aristotle here provides a
particular rendition @&dmeRdesat 06s i nsight 8

Plato provides many fundamental distinctions that dominate Western
philosophy forove , 000 years. That is Heidegger os
identi fy what t he (Hbaideggkrel®98dp.1d)yowhiéhlhe f t u n s
means that he seeks through aneemi nati on of Pl atods text
met aphysics. A |l eading notion in Platods

al so makes use of a fAparticular renditior
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insights into reality and intellecai disciplines (disciplines of the intellect or mind).
Of the dialogue where the discussion appd@asmenidesleading scholars say the
Abest Platoni st s dHarhilforand Gaione, intPlato, 1961, me ani n g
p.920) Parmenidesecords a tortuous, inconclusive discussion between a youthful
Socrates and the eminent Parmenides, which begins with a reading by Zeno.

Following a discussionkaut the separateness of the concrete matige
relationship in human dealings and the masterstapery relationship in the world
of ideas, Plato writes:

The significance of things in our world is not with reference to things in

that other world, nohave these their significance with reference to us,

but, as | say, the things in that world are what they are with reference to

one another and toward one another, and so likewise are the things in

our world. You see what | mean?

Certainly | do.

And similarly knowledge itself, the essence of knowledge, will be

knowledge of that reality itself, the essentially real.

Certainly.

And again, any given branch of knowledge in itself will be knowledge

of some department of real things as it is in itself, willatt

Yes.

Whereas the knowledge in our world will be knowledge of the reality in

our world, and it will follow again that each branch of knowledge in our

world must be knowledge of some department of things that exist in our

world.
Necessarily(Parmenides, 134e, Plato, 1961, p.928)
Definitively, we have fAour worl do which i

worl do which tr ans coeofdrowladgeristhatatsdodt. The es

ifsome department of real things as it is

this justification we may call Aramalityo,

our world is knowledgef our world. Knowledg in the discipline of physics,

including physics education, is knowledge in our warkdhich problematises the

relationship between fAthe real worl do anoc
It would be best if we could know things as they are in their essendd) ish

to say in their Afor mso, however as i ndic
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to the dialogue the notion of forms in re
you not recognize that there exists, just by itself, a form of likenesagmd
anot her contrary f or (Parmenides, 128 Plados1961j t se |l f C
p.923) The transcendence i s sucoenaanfonseod, Ayo
which these other things come to partake and so to be called after their names; by
coming to partake of likeness or largeness or beauty or justice, they become like or
| ar ge or b eRauenides) 131apPiato,j1964%, p.628hat concept of
truth does this entail? Consider Socrates
But, Parmenides, the best | can make of the matter ighhisthese
forms are as it we patterns fixed in the nature of things. The other
things are made in their image and are likenesses, and this participation
they come to have in the forms is nothing but their being made in their
image.(Parmenides, 132d, Plato, 1961, p.927)
There are Afixed patternso and other thin
|l i keness being simply an fAi mageo osf fAnatu
the mysterious correspondence of a synthesis established between the forms which
are patterns of reality/ natuPriecip@nd the i n
Mathematicaand subsequent textbooks on modern physics. Parmenides confirms the
relationship:
Because, Socrates, | imagine that you or anyone else who asserts that
each of them has a real being 6just by
that no such real being exists in our world. (Socrates) True, for how
could it then be just by itsel{Parmenides, 133c, Plato, 1961, p.927)
Unfortunately, the dialogue does not cast in such a tidy manner as for example
beauty, the objects which physicists reas their objects. They appear in a range of
exampl es, specifically, fire, water and n
undi gni fi ed obj ect s {Parmenitids, 130d, Plate, 1961, mud ar
p.924) Nevertheless, the pattern is clégshysical objects have two related realities:
as the Real which transcends our senses, and separately in accordance with our
senses. Physics, then, is thscipline of knowledge within our grasp, whilst that
which it pursues is reality in the first sense which is forever beyond Taniaeus
Plato takes further the doctrine of forms, as he seeks to enquire into physics,

astronomy, and biology. The imageriow a model of reality:
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...relating to the true and waking reality of nature, we have only this

dreamlike sense, and we are unable to cast off sleep and determine the

truth about them. For an image, since the reality after which it is

modeled does notdbong to it, and it exists ever as the fleeting shadow

of some other, must be inferred to be in another [that is, in space],

grasping existence in some way or other, or it could not be at all. But

true and exact reason, vindicating the nature of true pmagtains

that while two things [that is, the image and space] are different they

cannot exist one of them in the other and so be one and also two at the

same time(Timaeus, 52c, Plato, 1961, p.1179)

Such an account prescribes a correspondence theory to truth that must associate with
reality. Elsewhere the present thesis refers to this as the teleological account of the
goal of physics.

How does this relate fohysics education? In his discussion of the art of
sophistry, Aristotle confirms Platodbds wor
di sci plines as they are taught. ASophistr
business wisdorm the teachers of modepnh y s i csephistry is a ceritain
appearance of wisdom without the readi{ophistical Refutations 171k372b4,

Aristotle, 1984,p.291) The wuse of #Arealityo in this
thepr esent discussion about physics: Ari st
merely indicates that the teachers offer an appearance of the disciplines, and not the
actual di sci plines. However, Aristotl eds
physics, where the discipline is about reality (the forms of objects), and thus he

implies that physics education is unsatisfactory because it conveys a questionable
Nnappearanceo of its subject matter and nc
entailsreality, and reality restricts truth in accordance with its structure of forms, and
physics education stands apart from this the alleged foundation of physics.

Physicists, in contrast to physics educators, seek to bring themselves ever closer to

the formégreality. They do this by way of their perception of objects and

deliberations that construct the doctrine of physics. Physicists allude to the teleology
inherent in this when they describe the progress of physics itself, their discipline.

They applaud adances in theory that take humankind closer to the unknowable

forms that comprise reality. Feynmanés 16
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notion without the audience questioning that to which the theory increasingly
approximates.

Heidegger does not sugp the account of truth, reality, forms, and physics
education just given on behalf of Pldtdeidegger, 1998b; Heidegger, 2002HE
says the present interpretation of Plato contributes to the unfortunate advance of
Western philosophyand consequently chapters 4 and

alternative renditio of truth and physics.

Students construct physics (Hirst)

The present chapter begins with an account of truth wherein truth is only incidentally
associated with education, and progresses through theories that increasingly involve
truth in education. At th end of the progression, there are those who seek to
negotiate physics with their students and believe that the discipline of physics is a
cultural construction. They are the constructivists, and Hirst is their recent
representativeConstructivists drawpon the concept of truth which Heidegger
identifies asAdaequatigtruth located in an agreement or correspondenhicis
account of truth is introduced in Chapter
concept i oRaul HedywobdrHirst (h9%27%, who in1965 became the Chair of
Educat i oxnCollege, LEndamgoglaims his own concept of forms of
knowledge as the foundation of education. His popular dogma hides within it an
account of truth which ultimately renders physics as a mental schema &grée
moment between physicists, and the task of the physics teacher is to assist students
in their construction of the physics in accordance with the public schema.

Hirstdéds conclusions about truth as the
duringhs | i feti me, and his festschrift sugge
account of truth and knowledge. The conclusion belongs to David Cooper, professor
of philosophy at University of Durham, who analyses truth in liberal education
(Cooper, 1993, p.39Hirst made truthmportant in discussions about teaching with
his 1974 paper #fALiIi ber al education and t he
a Stanford professor well versed in the recent history of the philosophy of education,
achieved the status of a clas@hhillips, 1993, p.8Q) A biographer declares it is
farguably the mosiiscussed and debated paper inahalytic philosophy of
educatiodm, at a ti me when the analytic phil os
United Kingdom and beyon@icLaughlin, 2001, p.195) Hi r st 6 s paper de

51



influence from what it rejects, which is that practicaiman need should determine
school curricula, and truth appears as or
based upon forms of knowledge that arise though human experience and which hold

some potential to develop themselves and enlighten us. botieept Hirst

advocates, | iberal education i s Aconcer ne
knowl edgeo. He continues fibut the doctrin
gener al i dea particular meani ngthaais si gni

a role for the discipline of physics in liberal education and that its justification is the

di sci plineds (Hotul®®apt2) onHe npltatuddhisdmankde na
Aphysical scienceso in his initial 1ist
or f or m o f(Hilstnl672,|pe1d1§).eThe relationsip between truth,

science and the individual is apparent when, conjuring imageguaiiciousphysics

teachers responsive to the economic plight of Great Britain, Hirst says:

a teacher might teach a subject such as science with purely vocational or

econonic ends in view. He might regard himself just as equipping

people for vocations or as serving a national need for trained manpower,

without much thought about the development of the individuals

concerned, as individuals. ... teaching science with thegedirands in

view should be distinguished from educating peofié.st & Peters,

1970, p.28)

Teachers, preferably, should not teach physics to advance the discipline of physics
itself, nor to foster the rolef @hysics in society, but to accrue to people the benefits
that derive from their being personally involved with this specific form of knowledge
and the truth that pertains.

Al though truth dAplays an explicit and
eds ¢ at (Cappen 1993, p.39ith the exception of his remarks on religion, Hirst
initially generates little debate about truth. His assertion that religion is an
inadequate form of knowledge because it lacks truth, drew a response from those
who seek to teach religious beliefsas d o d y o (for examplet Astteyp &

Francis, 1994, p.446)

That Hirst seeks to found intellectual disciplines on truths that emerge from
experiencd as opposed to merely advocating for the traditional disciplines
advanced in Western educatibis apparent in his account thfe discipline of

education. In response to Habermas, Hirst says that teaching is the:
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self-critical, reflective and reconstructive analysis and judgement by
different groups of practitioners, operating at different and progressively
more deep and widenging levels of presupposition, using the
disciplines to a maximum degrédeélirst, 1983, p.28)
The expression #&rmnrge ngeoe puygmge swisdea found:
i t sel fn,d da, fogrr otuh e t r -practice. Eduéationah practicedtdkessc i p | i
upon itself its own distinctive involvement with truth; and it is through this
i nvol vement that educat i onHirst,m@® el as a
18), which apparentlyisa secotdi er di sci pl i ne ( fifiegyr ms o co
What is the concept of truth involved in distinctive disciplines such as physics
and education aocding to Hirst? Already in the present thesis, various accounts of
truth are considered in relation to physics and more generally. It is such well known
accounts of truth that Cooper indicates Hirst finds present in the disciplines, although
Cooperconcld es t hat f o rtesttiiteriantcgmedtdisabsuime ther t h
vari ous o0 (Coaper, 1298,p.89% rTihaios appttast d owletis r o)
appetite to know what concept of truth is in the circumstance of a test. A testis a
procedure undertaken to establish the qualityebability of something. Inherent in
any test is a comparison, the presence of which leads directly to the conclusion that
Hi r st 6tse ditt ¢ uitrhvokes a correspondence theo
with their own distinctive truthests indide art, mathematics, morality, physics, and
education(Hirst & Peters, 1970, p.62)n physics, the correspondence established in
the truthtest is primarily between reality and a mirror of reality that th@dw being
establishes in her mind and which consists of the network of propositions,
procedures, presuppositions, laws, and theories together constitutive of the discipline
of physics. The essential point is that this does not involve a necessary,
incontrovertible realityi rather the human being, individually or in community,
constructs a fiment al pictureo, under stanc
mental picture, convenient for the present. This is a familiar, enduringly popular,
concept oftuth which allows us to avoid dogmatism with its overtones of
unreasonableness and superiority. It is likely to go some distance towards explaining
the popularity of Hirstds theory of educa
Popularity aside, it is correspondeneeaunts of truth which enable
constructivist methods in the teaching of physics. As we might expect, constructivist

theory in education coalesces with constructivist theories of science. We read of the
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Afenor mous influence of tciomrsa rwltitae viismc lomnd
inauguration of empowerment and emancipation of people, in a collection of articles
each directed at an aspect of the theory bound to science ed(béitimews, 1998,
pl) Here the species of the genus fAcorres
professor of philosophy whosayso constructi vi sm in educat |
protean doctrine in which the metaphors of building and inventing have run riot
(Nola, 1997, p.57)Less cryptic is:

Educational constructivism draws upon other construciivist

philosophical and sociologicaltraditions, but it has its own

autonomous roots and history. Educational constructivism of the

personal variety stresses the individual creation of knowledge and

construction of conceptéMatthews, 1998, p.3)
Matthews demonstrates that truth is contentious in both educational theory and the
philosophy of science when he documents constructivism in official government
science curriculum publicatioriMatthews, 1998, p.5)

Four hundred years earlier, at the birth of modern physics, Galileo assails the
protean dogtne of a constructivist:

Two or three times in this authorods ar

order to prove that matters stand in sacittsuch a way, he makes use

of the remark that in just this way do they accommodate themselves to

our comprehensionna that otherwise we should have no knowledge of

this or that detail; or that the criterion of philosophizing would be

ruined; as if nature first made the brain of man, and then arranged

everything to conform to the capacity of his intellect. But | shaluitok

rather that nature first made things in her own way, and then made

human reason skilful enough to be able to understand, but only by hard

work, some part of her secsetGalilei, 1967, pp.264265)
Galileo, the consummate realist, would not accommodate the constructivists of his
day. The moons of Jupiter were not placec
nature made things Ain her own wayo: he,
these particular moons.

If, as Hirst says, physics and its teaching are founded upon experience, what

may be said of the mental discipline of physics? To answer this, consider again
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Hi r st dest, butthis tinte focus on what is required before tingestt applies
the test. It is:
only when experience and thought, which necessarily involve the use of
concepts of some sort, involve those shared in a public world, that the
achievements with which we are concerned are posghtilest &
Peters, 1970, p.62)

Teachers who introduce students to a

Rortydés evangelistic teachers. Yet the

i sha

cr

judgement, which lias bfodyt of o agHirndlee wiotnltc e pt
t ha

Peters, 1970,p.62) The word fAagreedod indicates
a correspondence concept of one form or another, and in this case it is a
correspondencef concepts between people on the inside of the form of knowledge,
the physicists initiated into physics. It is Aquinas who represents this concept of
truth in the present thesis, and it is upon this insight that Hirst builds his
constructivistargumentyi t h it s all eged foundati on
requirement for abstract intellectual elements to be taught is abbatuseabout
understanding itself. Hirst:

By not really bothering whether or not they have got hold of the

concepts and camse them, by being content with memorised

statements, by allowing pure repetition of operations, by omitting

anything which demands even the briefest unrehearsed argument or

justification, we simply evade all the problems and totally fail to

develop anyignificant understanding(Hirst, 1974, p.28)
Right from the start, from his 1974 paper, Hirst associates understdnaimgthus
the discipline of physick with the notion of schema. It is, of course, a mental

schema.

Whatever el se is implied in the phrase

certainly implies experience structured under some form of conceptual
scheme. The various manifestations of consciousness, in, for instance
different sense perceptions, different emotions or different elements of
intellectual understanding, are intelligiealy by virtue of the

conceptual apparatus by which they are articulgteéidst, 1972, p.10)

To establish his forms of knowledge, Hirst again appeals to a corresponkeoge t

of

of truth and refers to ApulfHirst, g973;p. oot ed
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This is one answer to the problematic of Kant that chapter 1 introduces. What is
there that founds Newtonds phbothi cs? Hir st
Arational 6 and fAmindo. T helxiagscalnar act er i s
forward to allowncommunal concepts, formal conceptual structures, agreed
procedures and common stardka The discipline of physics is in its essence a
mental construct, for Hirstand the waella med fconstructivistso.
Cooperds assessment of Hirstdéds account
mentioned above, begins with these words:
The motto for this chapteni ght be Hei degger déds gnomic
essence of Aeddcian itome e sdajihfuben nalfe At r ut
not to his intention, | interpret the motto to mean at least this: a
philosophy of education is, or should be, informed by a conception of
truth. Better perhaps: philosophies of education are always deeply
influenced, for the most part covertly, by such conceptions, and it is
important that these influences be made expli€itoper, 1993, p.30)
As Cooper indicatesttut h i s covert igcsaddphysd 6 s accoun
educationlf truth is at all overt in such accounts itadaequatip Hei degger 0s

notion of the usual concept of truth as correspondeéveeertheless, truth provides

access to insight sNowmwetornikthernext chapterdoe | i ber at
Heidegger 6s explicit rendi tvaoceoflifgaccountut h t h
of physics.
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Chapter 3: Heidegger 6s the

A

This chapter interprets Heideggerodés theor
existential analytic. The chapter indicathe concepts that the analytic uses and it
considers some of their contentious aspects. Tirwthich according to chapter 2 is
an enduring problematic in physitss the theme of the present chapter. This
chapter and t he nextuyntoftiuth takeg us beyondileei degger
Greek problematic of truth and reality in physics, and beyond the inclination of some
current theorists to eliminate, or marginalise, truth.

Chapter 3 describes truth and Dasein, whilst chapter 4 describes truth in the
disci pline of physics and physics educati ol
account of truth and beings. Then, It con
foundational expression given to truth by Dasein. Subsequently, the chapter
catalogues the beingsathinvolve Dasein and physics, and concludes with an

account of t he DaishewDasem abidasyithdrfith.e x i st enc e

Truth and beings

Because science is but one smal/l part of
involvement with beings (his ontologythis section begins with a summary of the

role of truth in his comprehensive theory. This theory was the outcome of several
influences, and what follows takes the view that the problem of categories is one of

the most important issues that Heidegger sotmhesolve. How is it that we so

naturally group the individual objects that we encounter? Physics deals with

electrons, not each individual electron.

Hei degger 6s ilthemeditabom gn beinilepirs evhen as an
eighteenyearold hechalleges Ar i st otl eds account of ©be
records that the fAfirst philosophical t e x
again from 1907 on, wa sOnkhe Wanifold Bangewnft ano 6 s
Bei ng i n(Rikhaisen 1®74| pex)Brentano begins his dissertation with a
quotation fromMetaphysicsVVI At her e i s one science whic
and the attributes which it has as such. This science differs from all particular
s c i e (Beeptano, 1975, p.1That one science some call philosophy, and

Brentano subsequently says that Aristotle vieesitirst to make a classification of
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science and to expound its separate branches in separat® éBsaytano, 1995,
p.4). Heidegger often walks in the fields around Messkirch as he contemplates
Aristotle ard the problem of categories, so perhaps it is the rural setting which
inspires this analogy to explain the relationship between truth, metaphysics and
categoriegSafranski, 1998, p.25)

As the root of the tree, it [metaphysics] sends all nourishment and all

strength into the trunk and its branches. Td@ branches out into the

soil and ground to enable the tree to grow out of the ground and thus to

leave it. The tree of philosophy grows out of the soil in which

metaphysics is rooted. The ground and soil is the element in which the

root of the tree live, but the growth of the tree is never able to absorb

this soil in such a way that it disappears in the tree as part of the tree.

(Heidegger, 1998a.278)
Heideggerusesite wor d fAmetaphysicso to refer to
in the ground, or more narrowly to refer to the hidden essence, the foundation of the
tree in the ground, the roots that send all nourishment to the trunk anchtichds.
Itis the second use that renders the branches as physical and apparent (above the
ground), in contrast to the metaphysical roots (below the ground). Heidegger
discusses both uses of the word in his 19@9ectures. Here the former is
Acompriewlreenshi nkingd or fAoverall orientat.i
p. 8, p.9) and the |l atter is the hidden as
representation of the universal, we are in a position to determine individual items
that stand ble o r e(Heidsgger, 1995b,p.9) Hi s exampl es of t he i
stand before us at that time are the Al ec
Ari stotl ebds cl assi fi c adfaobeativeredlisns Theat egor i €
branches of the tréeincluding the branch which represents physics, including that
with the lectern and the hous@re not objective renderings of natural forms, but are
constructs mediated by human language, culture, andisto

How does his analogy involve truth? His argument is that beings (entities)
operate with a fAprior representationo of
strength which flows from the base of the tree into the branches). Consequently, he

says:
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the essence of truth always appears only in the already derivative form
of the truth of cognitive knowledge and the truth of propositions that
formulate such knowledgé@ieidegger, 1998a, p.280)
The prior representation is what enables the tree to grow out of the ground, whilst the
form of truth that i s apparent to us (aboc
knowl edgedo (intuiti ontybecdusewdhavweerivdken ow wi t h
access to them) or a form of truth that depends on a correspondence theory. The
derived forms of truth are themselves grounded in trdtbwever, this truth, which
he callsa | U't, ib iatégeal to, and derived from, reality @ Real). The human
being can only achieve a partial exposur e
enables the openness of a realm.
Heidegger uses | U timhés ieaaly deliberations to describe this notion of
truth as an uncovering. He arrives at floisnulation of truth in his early systematic
analysis of the human being by considering various correspondence theories of truth,
particularly those of Aristotle, Aquinas, and Kant. For exampl8gimg and Time
he traces the usage in Aquinas, whose sutimmaccount of such theories appears in
chapter 1, and says:
Thomas Aquinasyho refers this definition to Avicenna (who, in turn,
hasaken it over frementBmapt 6l sraeli ds te
Defin)taloss dadasogpaio f ofri Keni ng) the ter ms
ficorrespondent@ ( Acor r es p oonvareenti@e ¢ i c® md n @
t o g e)t (Heddegger, 1962a, p.257)
When he reflectsn these accounts of truth, it becomes apparent to Heidegger that
there must be another form of truth. This truth enables the achievement of any
correct representation or assertion.
I n the 1930s, there i s an i mprtssive a
a | Ut Healéctares the strategy tlingand Timeli spl ays as fii nadec
the result of t hinkiHedeggerdl®d9, p.2bkee | y O abou
openness of the opgethe essence of truth, he now proclaims as a constructive
assertion of the sway of being of Dasein and as the ground of being for Dasein. This
altered sentiment he summarises:
The question of being is the question of the truth eifige When
accomplisheé@nd grasped as it historically unfolds, it becomes the

groundingquestioiio ver against t-heeshti tbeotof Agui
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philosophy, which has been the question about be{rigsdegger,

1999a, p.5)
This new turn in his programme, which he achieves with an altered gwqdesgion,
does not negate his earlier warkather, it adjusts the focus to that work towards the
more central topic. Accordingly, his assertion that whenever beingis(ecluding
the beings of physics), bag must hold swayHeidegger, 1999a, p.5)loes not
preclude further enquiry into the beings of physics (say) in the manner of
Heideggerian phemoenology that he expoundsBeing and Timevith the
celebrated example of the carpenter. However, such an enquiry so far as Heidegger
is concerned is displaced, and everyoneos
Aunmastered ground tphlea nc roofs ($teideggehii989ted rfioc i t
p.5).

Given Heideggerbés altered approach to
investigation into the essence of the physical sciencesdegfim metaphysics, and
maintains a metaphysical perspective, as opposed the former guiding question, which
held its focus on beings. According to Ki
third attempt to establish the essence of science and he labelsimet aphy si cal
i e p o dkiseell 1877, p.163)Now Heidegger renders modern science as a
terminal epoch in the |l ong history of met
domination of technol ogyo:

€ met apheng does not refer to an abstract academic discipline

but rather to the prevailing presuppositions and concrete interpretation

of reality which uniquely stamp an age

nothing less than the question of science and technologpfar as the

institutions and the attitudes they have provoked permeate the fabric of

20" century existence and thus indelibly mark the way we now live,

move and have our beinKisiel, 1977, p.163)
Reality and tuth are now on centre stage, and physics teachers assume a responsibly
that they might prefer to avoid. It is time to ask how physics teachers ought to
behave if they are to achieve success in the metaphysical domination of humankind.
Their methods emergen chapter 4, which el aborates |
account of modern physics.

The metaphysical foundations of modern science are uiniquedern

science did not evolve from medieval scienecfrinaandscientig, and nor did
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medieval science evadvfrom ancient sciencegdistémé (Heidegger, 1977a, p.117)

Heidegger bases this conclusion on his historical scholarship, and it contrasts with

both Toul mindés account of the evolution c
science as a cooperativenture in institutions, as chapter 2 indicates. With different

but consistent reasoning, which derives from the nature of modern science that

chapter 4 el aborates, Hei degger says, A N u
traced back to classical phgss a n d r e(deidegged, 197 %, pil2p
Consequently, it is appropriate to discus

without making specific reference to ancient or medieval science. There are aspects
of modern science that both ancient ameldieval science replicate, but these aspects
do not owe their presence in modern science to their earlier involvements. For
example, Aristotelian science involves observation and so does modern science,
however this involvement is not correlative in the traditions. Another
consequence of Heideggerds historical i N s
propositions in Greek or medieval science are incorrect, whilst those of modern
science are corre@ileidegger, 1977a, pp.14171.8).

This section shows how truth and metap
account of the human being, and relates his two formulatioas ofJ t tdtkesea
things. To establish the theory that an existential analytic requires, it is necessary to
extend this discussion, to say more about Dasein, specifically the foundation of

Dasein in a schema that involves truth.

Daseinbs schemuaruthr ovi des f o

What is the foundational structure that enables human beings to classify things,

including those of modern physics, to involve themselves with the theory of physics

and categories such as solids, liquids, and gases? Kant asked this question in an
incomplete work tellingly entitletlow is physics possib?éHow is the transition to

physics possiblé?Kant, 1993,p.100) The answer ati $tmatf at i
formal structure the human being brings to all its involvements with entities,

including those of physics. In Kant, schematism refers to the mental application of
categories to the data of sense perception. Heidegger improves on this, angsdevelo

his neoteric schema as the primary classification of the beings that he identifies with

his ontological phenomenology.
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There is nothing physical about the fs
formation found to be necessary when we examine tlyecedain beings comport
in their worl d. Kisi el call s (KisielHei degger
2002, p.179)Schematism enables animals to make choices, and biologically it
apparently evolves with movement and the need to classify. Watch a horse as it
grazes a paddock. Without being taught botanyhaut knowing plants as we know
plants, the horse selects the edible and rejects the inedible. Individual particular
choices are possible only because of the horse finds itself where it is, with the
environment it renders through a schema. It is probabledtfitology recapitulates
phylogeny, although Heidegger wilfully veers away from such a conclusion when he
tells his students that he does not consi
(Heidegger, 1995lp.193) His concern is only to demarcate worlding, beimghe-
worl d, for which he sets these parameter s
formingo, and he i mplies th@leideggerse i s son

1995b, pp.192493). His example is further from humankind than the horse, it is an

insect:
The beebdbs world is Iimited to a specif
circumscribed. é But it is not merely

animal that is limited in rangeé the extent and manner in which an
animal is able to penetrate whatever is accessible to it is also limited.
The worker bee is familiar with the blossoms it frequents, along with
their colour and scent, but it does not kntv stamens of these
blossoms as stamens, it knows nothing about the roots of the plant and it
cannot know anything about the number of stamens or leaves, for
example(Heidegger, 1995b, p.193)
The ontologcal formation of the bek bee schematisiin provides it with a potential
and an actual world, as does the horseds
Dasein, which is that of the physicist.
Before he write8eing and TimegHeidegger elaborates higridable schema
of Dasein. This is Heideggerds prime, fou
how physics is possible and it is a distinctive reformulation of Kantian schematism
(Schalow, 1987; Schalow, 1994, p.31%5he schematism of the Dasein enables the
Dasein to engage aspects of the Real and thereby ttuallgrtommission modern

physics. Schematism constitutes Dasein and all that exists integral to Dasein, which
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includes modern physics. The next section tabulates beings and thus elaborates on
Aall that existso. The pr ermeaicthepastisulaf i cat i
complement of beings Heidegger identifies with his ontological phenomenology.

Incidentally, two points can be made which derive from physics being
constitutionally integral to the Dasein s
aralysis of truth is related to the schema. First, modern physics has always been with
Dasein and can never be alienated from Dasein, and second without Dasein (that is,
Daseinbs particular schema) physics i s nc
pointsbuilds upon truth aa | U t, diselosedness

Dasein, as constituted by disclosedness, is essentially in the truth.

Disclosedness is a kind of Beimghich is essentialto Dasein. Ther e i s 6

truth only in so far as Dasein i s and so long as Dasein i s. Entities are

uncovered oly when Dasein isand only as long as Dasein is, are they
disclosed. Newtais laws, the principle of caradiction, any truth

whateveri these are true only as long as DaseifHgidegger, 1962a,

p.629, his emphasis)

Itis time to say more precisely how Heidegger develops his schema and what it
entails.

Heidegger captures himeakthrough of thought to schematism in the
expression fa her meneutics of facticityo.
requisitediscoveries which Kisiel documents. First, Heidegger advances that there is
a pri mal Uretmetasitisasin stident transcriptisiel, 1993,
p.551) that which fromh e su mmer semester of 1920 Hei c
(Kisiel, 199, p.23) Second, Heidegger advances the hermeneutic method (quickly
called Aformal i1indicationo, although thi s
Ur-etwasmay relate to the theoretical, forralgical objective somethind.hese
breakthroughseviec t he Dasein when they converge ¢
[facticity] and how [hermeneutics] drawn to a point where they are one and the
s a m(&isiel, 1993, p.21)More fully, Kisiel explains, it

will be necessary to arrive at a point where we can see that a formally

indicating hermeneutics and a dynamically usti@od facticity belong

essentially togetherinaclogeni t uni ty; wheohce a fAher m

facticity. (Kisiel, 1993, p.23)
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The first step in knitting the unity is to set out the four categories of being Heidegger
presents in his KNS schema. As mentionacage 16 i K N S 0 bbresiatientior a

the waremergency semester, when his lecture course began on 7 February, 1919

(Kisiel, 1993,p.39) The KNS schema i s Heideggerds s

Daseinbés schematism. The first, which ass
thinking, appears in his habcordcaptohti on t he
6l i vi nkgbesdger Geijtadthe[necessary standpoint for solving the problem
of cat Kigie & Sheehan, 2007, p.7.3)

The sources of information on Hei degge

blackboard skeh by handand the notes taken by his students (particularly Becker
and Brecht). It is these that Kisielexgos and r el at e s(Kisieh Hei deg
1992, p.37; 1993, p.22; 1994b, p.16A)compilation renders four categories of
being and indicates how they relate to each other. It is within this schema that raw
life, human practical action, physics, art and mathematics are enabled:

IA Das vorweltliche Etwa

The pretheoretical somethiiigpreworldly something

(basic movement of life as such),

primal something, original somethindr-etwas

[The It which worlds and thaiproperizes itself]

IB Welthaftes Etwas

The pretheoretical somethiiigvorld-laden something

(basic movement of particular spheres of experience),

genuine lifeworld

[IA Formallogisches gegenstéandliches Etwas

Thetheoretical something formallogical objective something

(motivated in primal something)

[IB Objektatiges Etwas

The theoretical somethirigobjecttype something

(motivated in a genuine lifeworld)
Use is made of Heideggerds numbering syst
in the schema thias common to all Dasein indicates a being. Fundamental ontology
is primarily concerned with the foundation of all that is for the Daik¢ire whole
schema. Physics, as cast by those who attend to objects, movements, and

mathematics, is IIB: but the esdgml point is that 1IB relates to the other three
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categories in a manner that is determinative of all that associates within IIB. Later,
the present chapter considers the notion of regional ontology and it is apparent that it
is the schema that maintaithee engagement between the beings of physics and
Dasein.

Hei degger s theory now develops in an
to the discipline of physics. He identifies the kinds of beings that are present for us
todayi present in accordance withe schema. He does this by applying his
hermeneutic phenomenology to that which is around. This may be calledrfiest
phenomenological seeing. The insights he achieves are set out on DivisiBaihgf
and Time where he takes a pedagogical apprdadhe topic. The complement of
beings that is available to us today is a contingent matter. In Greek times Dasein held
the same schema but the kinds of beings available were, Heidegger says, not
necessarily those of our era. With this statement we hawvedy by another path, at
the very conclusion of the previous section. It is time to identify the beings of our

era.

The beings of truth

The phenomenol ogi cal search of the envirec
sense of At hat wihiifiesthe kinds of bdingsinemodem physice:, 1 d €
The Being of those entities which we encounter as closest to us can be
exhibited phenomenologically if we take as our clue our everyday
Beingin-the-world, which we also call oui d e a | i thegweoréd and n
with entities withinthe-world. Such dealings have already dispersed
themselves into manifold ways of concefrleidegger, 1962a, p.95, his
emphasis)
When we proceed with the kind of fAseeinga
they can be grouped into kinds. Heidegger initially claims that he has seen just three
kinds. Inthe 1950s, he says art is a fourth kind, which highlights how groupings of
beings are contingent. That paper also demonstrates how disclosure, truth as
a | Ut, ik feundational to our decisions about the classification of beings. With
referencetoVanGdgdé s pai nting of the peasantds bo
that goes beyond the shoes being equipment to the revelation to Dasein of a
distinctive truth. It is this occurrence of truth that brings to stand the being, in this

case a being of afHeidegger, 1993b, pp.16162). In modern physics, truth is at
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work in the same way, to disclose to the Dasein beings. Phenomenologically, the

kinds of being that Dasein encounters, accordiriggiog and Timeare as follows

Readyto-hand beings (Zuhandenheit)

When the Dasein copessily with tasks in familiar circumstances, Das##als
with readyto-hand beings. For the Dasein everything encountered in this vedly is
practical use and there is no reflective involvemenmhwiings.

Only because equipment hdliss6 Bednin ¢ sel f 6 and does not

occur, is it manipulable in the broadest sense and at our disposal. No

matter how sharply we just look ... at the outward appearance of Things,

in whatever form this takes,excannot discover anything reatbthand

(Heidegger, 1962a, p.98)

If physics is entirely about our rational reflectionabjects as contained in the
academic literature of the discipline, then it follows that physics does not involve
readyto-hand beings. The present thesis demonstrates that this is not the situation of
Newton or students in physics lessons.

When readyto-hand beings abide with the Dasein, it is important to resist any
temptation for an observer to say that th
Dasein, for the ontic theory of consci ous
More positively, the @sein achieves the manipulation and management of these
beings proximally.

The physics teacher writes on the blackboard and uses the chalk without any
awareness of the chalk. If she is asked after the class about the chalk she used to
write particular wods she will truly not be able to say what occurred. People asked
about what occurs as they engage withrealyand bei ngs oftien Afi
they will create an account about what ha
attenti omntdo,sdiéem idmgplomt anto, or Al did not
Afattentionod takes us to the foundations ¢
psychology, and specifically to the pioneering work of William Ja@ames, 1950,
pp.402458). As an empirical discipline, educational psychology must explain what
occurs with reference to that which is objectified. The inability of people to detail
readyto-hand involvements, which James might describe as a laps#-of s

consciousness or salfvareness, is explained by reference to a lapse in attention. It
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is the mind which attends, and the truths entailed in such an exercise are those of
correspondenc@daequatio

When theorists use ex@gagssesobophegbi ke fo
everydaynesso -othang beings ohthe raaineln more aedent
scholarship the words fequi pment o -and HfApa
to-hand. AParaphernal i ado dr aws aladpdcteaft i on t c
equipmenias Hei degger says, taken dAstrictly,
equi p (heidegger, 19624.97) For example, John Haugeland (a
contemporary Heideggerian scholar at the University of Chicago whose work
i nforms sever al aspect of the present t he
these words:

Heidegger makes these points in terms of thegnent and

paraphernalia of everyday life; but the upshot is the same. Hammers,

nails, boards, and drills, screwdrivers, screws, and glue are all bound

together in a (large) nexus of intertwined roles, instituted by the norms

of carpentry practice; antiat's what makes them what they are.

(Haugeland, 1982, p.17)
This rendition of readyo-hand beings @ws us towards the nexus and totality of
readyto-hand beings, which is to say, towards those relationships that the concept of
6referenti al totalityd i mplies.

There is a kind of being which Heidegger derives from the r¢athand
exemplar. It is thenready-to-handbeing(Unzuhandenhejit A way to see into this
category of being is to consider what occurswhemmet hi ng i nterrupts
Zenlike everyday coping. Some event or otheeaks into the normal flowf
activity that engages the Dasehteidegyer cites thre@rogressivdorms of example,
the obstinateconspicuous, and obtrusiwith reference to equipment with
insufficient usability:

When its unusability is thus discovered, equipment becomes

conspicuous. Thisonspicuousnegwesents the reg-to-hand

equipment as in a certain-weadinesgo hand(Heidegger, 1962a,

pp.102103)
The chalk breaks antie¢ physicsteacher mudind another stick of chalk. This
interrupts the lessomvhilst the chalk itself becomes unreaidyhand and demands

attention, as does the new stick of chalk until it is in flow. This temporary
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bre&kdown in writing with chalk Heidgger cal |l s fAobstinateo. I
expended and the teacher triesextract further words from it by pressing her finger
down on thechalk to write, Heideggesays the malfunctionif c onspi cuous 0.
If the teacher discovers there is no more chadilavie at all, Heideggesays
this isa permanent breakdown in the equipment and desdribe & s ufisdabvre o . He
appreciates he teacher s situation and frustrat
When we notice what is ureadyto-hand, that which is reaelp-hand
enters the mode of tlisiveness Tée more urgentlg we need what
Is missing, and the more authentically it is enceusd in its un
readinesgo-h a n qHeidegger, 1962a, p.103)
Although the missing chalk is unreatty-hand (obtrusive) it still takes its nominal
reference from the readg-hand category of being, and the importance of this is
apparent when we consider the involvements of jgsyteachers as they teach.
There is a confused casaccording to some scholdrghat seems to
simultaneously have a being as both the readyand and the unreadg-hand. It is
when the chalk is lying in the box and seen by the teacher. It is equiipmoe it is
not actively involved at the time as equipment and accordingly it is not the-t@ady
hand. It might be called unreatly-hand. However, there has been no specific
breakdown in its use. This better fits with the next category in the praseuassion,

and the notion that chalk sticks in the box are equipment is wrong.

Presenceat-handbeings(Vorhandenheit)

In a powerful section dBeing and TimegHeidegger identifie¥orhandenheias the

pure makingpresent of something. His translators coamton the meaning of the

German word:
The adyoehandedv enecans | it er albutyhisibef or e th
signification has long since given way to others. In ordinary German
usage it may, for instance, be applied to thekstid goods which a
dealerk s O6on hando,worksrofanauthtéhe O0extant o
(Macquarrie and Robinson in Heidegger, 1962a, p.48)

Heidegger argues that p8ocratic philosophy features this concephe flawless,

genuine revelation of something as itsebfut Western philosophers subsequently

neglect the concept:
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€ t hat awaiermags bfesomething presathand in its sheer
presencat-hand, which Parmenides had already taken to guide him in
his own interpretation of Beinighas the Temporal structure of a pure
Omakpmegsent 6 dHeideggemE62h,ip.A8Y .
I nterpretations of Ohaaturegemaid @ienhtiotsi dact i ¢
(Heidegger, 1992)At the tme when he writeBeing and TimgHeidegger proffers
to his students:
For Parmenides, the most proper possibility of truth presupposes
untruth. Not change and becoming, doka itself as belonging to truth
More precision in the actual interpretationuifrBeing: The most
intimate connection. Being and knowledge, Being and consciousness. ...
Through and in the one truth, the one Being; and only in Being,.truth
(Heidegger, 2008, p.53, his emphasis)
According to Heidegger, truth and Being identify from the time of Parmenides,
exactly as they do in his ontology.
There are two forms oforhandenheithat emerge from the unreatty-hand.
The first form is appardg when the teacher despairs of the situation and merely
stares into the empty box. The second form is that which emerges as the teacher
considers the theory of economics in relation to the empty box and school funding.
This second form relates to the motiof academic disciplines, such as physics, and
to the concept of regional ontology which appears at the beginning of chapter 4. This
|l atter form is very significant i n wester
scientific (ad $Hemseyggtehé&sr r oor more pre
the objects of scientific theory. The ontological equivalent of the ontic object, that
which carries properties, is the presatthand being:
€ ontologically,existentiais tantamount t®eingpresertat-hand
(Heidegger, 1962a, p.62)
The present thesis challenges this association between an ontic science and present
athand beings, and the word Atantamounto I
account of how preseiait-hand beings arise from reattyhand beings may be
given in an example: The being of the chalk changes if the remaining piece of
unusable chalk is ta&h to the chemistry laboratory. The chalk is now common chalk:
it is calcium carbonate which sdsmethinghat students study in chemistry. Chalk

displays properties which the chemistry teacher presents to students as predicates,
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and these propertiesared e pendent of the chal k itself.
whiteo, and some of the woodwork in the c
chal k that appears in the studentsdé geogr
chalk hills in Surrey. As thstudent expects, the hills are white and there is chalk in

the White Cliffs of Dover. This is the work of presertthand beings, apparently

those of the ontic discipline of chemistry.

Others like itselfDasein

Heidegger asserts that Dasein distinguishesan beings from the other kinds of
beings already introduced:
These entities are neither presathand nor readyo-hand; on the
contrary, they aréke the very Dasein which frees them, in thizgy are
there too, and there with.i(Heidegger, 1962a)
The teacher in the classroom understands other teachers and students as she copes
with the demands they make on her. Ontologically, Datscher is seen to
comport towards other Dasein in a way that suggests this groups constitutes a
particular kind of being for Daseiteacher.
To foll ow Hei degger @singadredgimgcongderihsen of D
concept ofFlrsorge(solicitude). The qu@tion below is from his theory of
ontology, and thus it does not refer to
commonly fAmattero to us (for exampl e, t he
that need special attention), but rather it refers tardaeractions with them.
Reflectingon Dasesth eac her 6 s r el atadentsnshi p t o Dasein
Being for, against, or without one anathpassing one another by, not
Omatter i ngoithese are possible ways off selicitude. And it
is precisely thesebtnamed deficient and Indifferent modes that
characterize everyday, average Bewith-oneanother(Heidegger,
1962a,.158)
Ordinary everydayness is the most primordial, original, way of being for Dasein. He
continues:
These modes of Being show again the characteristics of
inconspicuousness and obviousness which belong just as much to the

everyday Dasehnwith of Otherswithin-the-world as to the readiness-
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hand of the equipment with which one is daily concer(ddidegger,

1962a, p.158
Without selfconsciousnesss the day proceeds the Dasein copes with others and
equipment. Daseteacher comports towards different groups of beings in different
ways. Where the possible ways are those that relate to other Dasein they are ways of
i soi i uFRdreodge. (The former is how Daseiteacher relates to equipment, the
readyto-hand beings, and the latter is how Dadeicher relates to beings like
itself. As Heidegger saybésefientities|like itself] are not objects of concern, but
ratherof solicitude (Heidegger, 1962a, p.157)

Macquarrie and Robinson say that the w
transld i o rFUrsofged, Although fis consistent with other translations. Solicitude
is ficaring foro without the sentimentalit
with our more usual conceptions of dAcarir
Flrsorgewith an example which is here paraphrased: Dasszinher is in her
classroom and songelinquentstudents burst into the room. They crash into the data
show as they bully another student. The perpetrators rush away as suddenly as they
appeared. Dagseiteacher was not responsible for this. She had no part in the event,
except that she was by coincidence in the classroom when it occurred. Nevertheless,
Daseinteacher feels responsible, apologizes to people, takes an excessive interest in
the injured stdent, and feels obliged to give a full account of events. This is,
A b e c who és¥e iss more fundamental than wh@)he is accountable for
(Blattner, 2006, p.38, his emphasi§his example demonstrates that the expression
ifsalwfarenesso i s misleading because fAawar ¢
consciousness. More generally, fAsubjectiv
associags with theories of the mind. With specific referencBaing and Timgit is
said that Hei deggerds thought fAwas bent r
human subject (without lapsing into an amtu ma n o b j (BaltayryI9&80m) o
p.221)

Another aspect of solicitude that is relevant for an existential analytic, is the
etymological association of solicitude with care and conceonge fA car e 0 ;
Flrsorge solicitude;Besorgenconcern). The use éiirsorge

€ in contexts where we would speak of ¢

we | f #hisis the usage which Heideggessha mind in his

71



di scussi on oaffacticdf paiabaorangeeént (aasslators

in Heidegger, 1962a, p.157)
The section, bel ow which i s about signifi
structur eo.

Onefind aspect of AOtherso warrants ment.
A Mi t das e i-with) for th2 deing or the Dasein of others, but not usually for
others tlemselveginwood, 1999, p.31)The empasis orFlrsorgesupports an
interpretation oMitdaseina s fApassi vedo and thus on a par
Dasein is merely fAwitho. For the-kkasei n,
mysel fo, not an ont ol ewhohappdro-bemtee epr. et dthiuc
the ontological world includes a notion of Others, but it is made secondary to
soci et al arrangement s, i ncluding the Dase
shown in the exampl e adike-mngsglh Jdien £ xiptre s s
intelligibility beforehand fromFursorge(Heidegger, 1962a, p.119)

To conclude this section about the beinlgat exist based upon observed
phenomena, the kinds of beings Heidegger identifies are #eduynd, preserat-
hand, and othetke-ourselves. There is also the privative reaaiand being, the
malfunctioning readyo-hand being, the unreadg-handbeing. There are no other
kinds of beings and an existential analytic must stay within this inventory. The
catalogue of beings is a static account of the phenomenological ivbrédnext

section makes the Dasein move.

Daseinds existence with truth

To acheve an existential analytic of the Dasein it is necessary to coridides e i n 6 s
way of existence. How does the Dasein abide with truth, form its world, and proceed
in that world? This world includes, of course, physicists and physics.
By directing our reearches, towards the phenomenon which is to
provideuswitham nswer t o the gqwesbhdllbeded of t he i
to certain structures of Dasein which are equiprimordial with Baing
the-world. (Heidegger, 1962a, p.149)
This section f ol | ovBeingldmdiTicheogtgogicalbssuctdrésr e ct i v
are to be discerned from phenomena. The section introduces tkergyitloat
enables an existential analytic to interrogate the comportment of the Dasein, which is

to say how Dasein abides or dwells in a v
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Adwel |l ingdo seem passive and more congruou
(Heidegger, 2001, p.51The most foundational structure discernable that provides
Daseinbés way of being is the KNS schema t
involvement (facticity) and interpretation (hermeneutics). An earlier section of the
present chaptendicates that the hermeneutmSacticity relates directly to the
Astructural o relationships between beings
posed, what may be said about how Dasein proceeds in the world? To use the
hi st or i @isid,4993yp.3502002,p.179) what i s the fAkinet:i
Hei degger wunderstands this question invol
is the howst amdoinDaetei mer el icateSthaiwe t i me) ,
experience time as a part ofKisielhl893Ahowo an
p.317) Heidegger also understands that the question about how Dasein proceeds
with world, calls for an answer derived by way of phenomenoiogy must look
afresh at Dasetworld, Dasein bodying along. The question afsksa dynamic,
time-involved, account of the ontological situation.
Hei degger founds this Atime involved?o
concepts: ontological understandilgfindlichkeit(disposition, dwelling), an®ede
(that which is the foundan of talk and discourse, nomination). The present thesis
uses the word Adi s pBefindlidhkeb nand@d ofinbemi dagger
fiRed® Al Ut,healiisscl osed trut h, embraces Heideg
them together goaftoequiepiif mactdi ahi acompl ex.
that this is Heideggeros tripartite model
Having regard to the importance of fiel[dwork, phenomenol8gyng and
Timecontains few observations although those it provides apuEaiuate because
their simplicity gives thenpotency Heidegger observes the carpenter at work,
people around his own kitchen table, and those involved in a small number of
academic disciplines. His examples primarily investigate three preeminent asfpects
the Dasein, skilful coping, ordinary everydayness, and objectification. It is from the
examples that the tripartite model of the Dasein emergBsiimg and TimeThe
examples are pedagogicalBeing and Timgthus sparse and simple, and the
relationslip between them and the tripartite model Heidegger works out around the
time that he establishes tBebndlikhke8 s c hema.
(disposition, disposedness) records it was first present in the winter semester 1919

1920, t o hfeelsabharmdteal tchar acter of i fe, h
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develops in the summer semester 184iel, 1993, p.492)The threefold
description of Dasein was explicit, 1 f ir
1924, as was shown in his talk to the Marburgologiansas Kisiel says:

This still quite nasent phase in the discussionlifSein the

equiprimordial constellation of involvement with the world and self

through affective disposition, understanding, and discourse, is here still

being articulated without the aletheic

dev el oping out of Aristotle, or the Kkin
BT itself (Kisiel, 1993, p.317)
For Heidegger, there comes together, (1)

categories, including the objects he considers in his physics, (2) his rejection of
Husserl 6s notions about e&NSoschenmj(@)the ul t i mat
foundational notion of truth, and (4) phenomenological observations which integrate

and render a list of the kinds of beings there are and (5) how the Dasein abides

equi primordially with these beings as Das

Ontological undestanding (Verstehen)
The act of understandingerstehenspecifically the understanding of Being
disclosed beings is the first of two major existentials Being and Time

(Heidegger, 1962a, p.118 & 120)his introduction is to assist with the execution of

the existential analytics in chapters 5 a
ontologc a | und e r throvenopinaesgasabibty-téimakesenseo f 0, by
way of Heideggerdés early work. Ontol ogi ca

is integral to everything in the discipline of hermeneutic phenomenology.

The wor d A unhkrusal busideldf Hegléggevian scholarship
usually refers to ontic understandifes presented in a previous section, and for
instance in Heidegger, 2000a, p.5Ah example is the understanding of experiments
or theories which physics teachers seek t
ontc under standing, ontol ogical under st and
B e i n dHeidegger, 1962a, p.43}) is paradoical that the English word

Aunder standingo directs our attention tov

not our common use of t he word. The word
foundati onal and hidden as i n dsitiomder wear 0
with determination, as in a military fsta
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Aunder standingo frequently refers to
foundational.
Every example of experience, knowledge, and understanding, including ontic

understanding (that in positivist theories), involves ontological understanding. There

is an ontological ground inherent with everything experienced or understood. Hence,

all of physicg discoveries, experiments, and theoiigsvolve ontology. Further,
ontological understanding always involves aletheic truth. Dasein always abides with
beings, which is to say, Dasein always abides with ontological truth. The Dasein
cannot have puzzlement about the ontological character of disclosures. When the
astronomerses a new I mage and asks dAwhat i
the answer sought is in terms of onti
when this image posits itself fAas one
hermeneuticef facticity). In contrast, what the physictpiaphysicist seeks is the
apophantic Aaso, which is an fAaso in
ot her wi se, t h@Ewdod $989, pp.P223a Isistieerwayi we @ncounter
the worldi through the formulation of beliefs and objects, using logic, which
Heidegger considers ifhe Essence of Reasdhieidegger, 1969When the student

astronomer | ooks skywards, the Awhat
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hermeneutics gratifyingly renders as a something wonderful, whilst apophantics,
which entails truth as correspondence, renders the apperception as a planet. As
Heidegger says of the primacy of ontological understandiegDtsein:

gets its ontological understanding of itself in the first instance from

those entities which it itself isot but which it encounter§ wi tite i n 6

world, and from the Being which they posses@Heidegger, 1962a,

p.85)

What is the scope of ontological understanding? This must be an important question

for a thesis in the discipline of education. Heidegger say®titatogical

under standing i s somet HHeweggen 1962a,@.43) c a n
Uniquely, Dasein is worldormingi only Dasein has the potential to expand its
ontological world. This is a contingent matter. It is how Heidegger finds us and the
contrast is with rocks and trees, and
w o r (Heidegger, 1995b, pp.1903) Already the present thesis, relates the

notion of the ontological world (that is, ontological understanding) to his discussion
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about schema, horses, and bees. Further, the distinctive regiotizdisis ontic
physics, which chapter 4 elaborates, comes to abide with the Dasein as a projection
that founds upon a characteristic form of ontological understanding.

't i s Dasei no-formangwaythat enablesaHeideggertd sdy
that Daseins foundationally a being in a particular kind of ontological world. In his
Kant-book:

The existential analytic of existence does not have as an objective a

descriptionoh ow we manage a Kk nin-theeworind f or k.

canrot be reduced to a relatidretween subject and object. It is, on the

contrary, that which makes such a relation possible, insofar as

transcendencearries outhe projection of the Being of the essent.

(Heidegger, 1962b, pp.242314)
The present chapter describes Heidegger 6s
which is now found relevant to the projection of the Being of the essent. His account
of projectioni as the act of ontofyical understanding rejects the language of
transcendence and instead appeals to fAess

The existential analytic illuminates this projection (this act of

understanding) within the limits imposed by its point of departure. It is

not so much guestion of pursuing a study of the intrinsic constitution

of transcendence as of elucidating its essential unity with feeling

[Befindlichkeif and dereliction...(Heidegger, 1962b, p.244)
Ontological understanding am&findlichkeif which is considered shortly, are
always thrown together, beca(Heideggerh ey ar e
1962a, p.573; Langan, 1959, p.3Bging and Timexplores these ideas in what
Macguarrie and Robi ns ¢Heideggen 1962a p.3BP)uz z| i ng
There is a sense in which the Dasens onticandontological understandirigis
At hrowno. Cogrsapley ,ftdmshipara@éai scussi on of
phenomenon of car&6rge, which encourages that idea:

And how is Dasein this thrown basis? Only in that it projects itself upon

possibilities into which it has been thrown. The Self, which as such has

to lay the basis for itself, careverget that basis into its power; and yet,

as existing, it must take over Betaghasis. To be its own thrown basis

is that potentialityfor-Being which is the issue for cagleidegger,

1962a, p.330)
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The fibasis for itselfo to which the paracg

Befindlichkeit A Basi s0 it s el rdbecassedcampaomguelthe mat i c al
notion of atemporal sequence, when a better description idthmaee r e I s an fies
uni tyo.

BeyondBeing and TimgHeidegger develops the notion of ontological
understanding with his expressionth@ pee s s o f InBditrdgeaup e n 0 .
Philosophie he abandons t he i deEkeigoefseid h(riotwnmness
occurrence, occurring, or evelijeidegger, 1999a)

What Heidegger is expressing in both the ealdirguageof

Geworfenheifthrownnesshnd the later language Bfeignisis that

beingopen is the ineluctableondition of our essence, not an occasional

accomplishmenv f our wi | | sthewhytwaalwaysaloeady @i f at e, 0

are ...To-bethe-open is to bapriori opered and only as such can we

takethingsas. Dasein s al#e to open up other thingsly because it

itself is already opened uSheehan, 2001, p.13)
Accordingly, the understanding of (say) occurrent entities depends on an openness
that is Athrowno, which is ontthovgi cal un

opennessasability-to-makesenseo f(8heehan, 2001, p.15)

Ontological dispositioriBefindlichkei}

The preferred word foBefindlichkeiti s fAdi spositiond, althoug
nor is it the word Heidegger settles on himself after years of deliberation.
Befindlichkeitis an everpresent constituent of all beings, which is to say all truth
is an integrant of intelligibity.

According to the translators &king and Tim¢Heidegger, 1962a, p.172)
Befindlichkeit s s omet i me dt mAyaalsd meatieme hadbe i n whi ch
may b e (Traoslatorts comment, Heidegger, 1962a, p.172He i degger 6 s
leading example dBefindlichkeitis Stimmungwhi ch transl ates as I
captures only one part of Heidegger s not
Stimmungpriginally refess to the tuning of a musical instrument. A prominent
American scholar glosses Heidegger and pursues the scBeérudlichkeit

Heidegger suggests that moods or attunements manifest the tone of

beingthere. As Heidegger uses the term, mood can refeeto th

sensibilityof an age (such as romantic), théture of a company (such
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as aggressive), themperof the times (such as revolutionary), as well

as themoodin a current situation (such as the eager mood in the

classroom) and, of course, the mood ofratividual. (Dreyfus,1991,

p.169)

Thus, a vital, multdimensional concept emerges.

Later, however, there is a dramatic alternation, which Gendlin claims the
scholars did not f Befihndichkeitbdt@medMehgeger 6 s conc
(disposition/mood becomes dwelling):

JoanStambaugh asked Heidegger what had become of his concept of

i Be f ihknedil ti dBeifigradmimesince it is not mentioned in his

|l ater writings. i | (Gendlis, 1988, p.158)we |l | i ngo,
The new word foBefindlichkeitemphasises both the involvement of truth and the
notionof clearing which becomes a leading analogy for ontological understanding.

The altered terminology brings forward an aspe@efindlichkeithat was always

present: place is prominent in an expression that is allegedly a literal translation of
Heidegged Befindlichkeiti i w h ¢ ro ei-at-n e s(Bréyfus, 1991, p.168)he

Awheredo that suggests fAplaced is not a r e
| aboratory, but nor is it a mental nApl ace
a mind. The general or holistaspect is an amalgam of everything repecific

relevant to the Daseinds existent situat e
association with houses, seems appropriate.

The adjusted terminology is consistent
thought he KNS schema, Hei degger 6s first envi
he finds first in the language of looking around/bethgre, then in language of
knowing-how-to-getaround/coping, and finally in the language of
phenomenological intuition which incled the openness of the clearing that allows
foundational ontological understandi(igisiel, 2002, p.179)Consistent with this,
Befindlichkeitdevelops from moodiscovereehere to become dwelling, the truth of

beings in their total circumstance.

Ontological nomination (Rede)

I n GeRedame &ins At alHedi,d eagl gtehrobusg ho nRedld ogi c al
has only a minor association with talk or discourse. Any ontic discipline, such as

physics, entails debate, communication, discussions, and talk. Textbooks, lectures,
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and academic journals are the foundation oftheslyn g s ci ent i st 6 s wor Kk
languagé the tool for communication is as vital as prisms and telescopes.
However, ontologically language itself, is another ontic discipline, another branch on
Hei deggerds tree. L a nguwtg-kandionpvesekdy e s b e i n g
hand that locate in the KNS schema as all other beings locate, with truth that flows
from the roots upward. Dreyfus notes:

Redeordinarily means talk, but for HeideggRedes not necessarily

linguistic, i.e., made up of words. $shall translat®kedeby #At el | i ng, 0

keeping in mind the sense of telling as in being able to tell the time, or

tell the diference between kinds of nai({®reyfus, 1991, p.215)
The reference to the Heideggerodés carpent e€
phenomenologicahet hod i s an appropriate way to e
misses something crucidkederefers to that which proceeds language and it always
holds an equiprimordial association with ontological understanding and
Befindlichkeit Consider thisexamel: Al wi |l Il al ways r emember
di sappeared under the surf for the | ast t
word for Sallydeathdadsurf-gone, yet the Dasein precisely and enduringly
identifies a disclosed truthRedeat work.In chapter 5, there are several examples
that involve Newtonds di scoveRedethe and hi s
provision ontic names for phenomena.

Redeis an ontological naming, that enables Dasein to precisely hold a truth.
With the correspondendkeory of truth involved, ontological nomination and ontic
names are easy to confuse. They both depend on articulation, one in the ontological
sense and the other as it distinguishes the meanings of words in dictionaries. Dreyfus
again:

We can make senséldeidegee s dse of both a linguistic and a non

linguistic sense of telling if we first see that both require a prior

structural articulation. To be articulated can simply meanrtg natural

j oi nt s. skWadfa thig igséededung articulation ith lower-

case a). In this sense a skeleton is articulated, and so isehentefl

whole.(Dreyfus, 1991, p.215)
Dasein always understands ontological arrangements in their totality. This is akin to
Husserl 6s notion of fisensed naotnusrterou,ctvehoi c
(Hardy & Embree, 1992, p.41husserl:
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let us now take a first, naive look around; our aim shall be, not to
examine the wor isuthh buttdansidey whatevdr hdse i n g
been valid and continues to be valid for us as being and-saihgn
respect to how it i s s uyHugserlcl®iOvely wval.
p.156)
Beingandbeingg uc h ( He i d etwithsemthbuaderbtanding grsl
Befindlichkej essenti al | ywdrell ddhgi n owhiheh fiwe flei v
this requires articulation, th&edemediges. Dreyfus provides an example:
One manifests the already articulated structure of the referential whole
in the most basic way simply by telling things apart in using them.
Heidegger calls thidrticulation. A surgeon does not have words for all
the wayshe cuts, or a chess master for all the patterns he can tell apart
and the types dDreyfus, 1991, p.215)
The surgeon abides witRede identifies (in practice, nominates) every type of cut,

for if this was not the case, the surgeon could not profit from experience.

For-the-sakeof-which cascades (Signification)

Ontic discussions about the ontological phenomena now at issue refer to the human
being as having purposes, goals, rationality, irrationality, emotions, activities,
motivation, work, and play. All these activitieseguppose the progression of time.
The present section has yet to give an account of the interaction betwedretng$
that will explicate the omgoing-ness of phenomena. Mention has been made of
Ki siel 6s apt expr essi onhichachieveskhekinetici ¢ of t
Heidegger captures in his concept of a forweadting Dasein: a being that identifies
and uses what is significant in its proximal environment to comport itself. This is
Daseinds vimthewof | dei agd tdatei ovomd di fisagmi & p rC
when the focus is upon an individual Dasein described in an existential anaiytic.
elucidativepassage on signification Beingand Tms ay s how Dasei n fisi
to itself
In its familiarity with theserdeat i ons hi g8 ftadkee:@éan O si
primordial manner it gives itself both its Being and its potentidbty
Being as something which it is to understand with regard to its Being
the-world. (Heidegger, 1962a, p.120)
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The relationships are those between beings, and the poteriaiBye i ng 1 s Ki si
vector. An existential analytic is ourextramural enquiry into how in eachase
the Dasein signifies to itself.
Being and Timesets out a vocabulary to facilitate discussions about
signification. The vocabulary itself suggests how the Dasein turns ontological
meaning (the sense or significance of its situation) into comportmignifi€ation is
the theory of foithe-sakeof-which cascades. An existential analytic of the Dasein is
an enquiry into fothe-sakeof-which cascades$n these cascades the relationships
between trutkbeings are cast in a language that facilitates a naw &
phenomenology:
T he -thesakeofwhi cho siigondef oés &a&ahi 8 in turn,
At owahdso; t hevhli aofHeltieg somethingbd& i n
invol ved; and t hwahti dffawinvolvement. t he A wi t h
(Heidegger, 1962a, p.120)
This indicates a sequence of ontological involvements, a cascade that need not be
logical in the sense of formal logic, but whiis logical in the foundational sense of
logic which Heidegger pursues elsewhfoe example, Heidegger, 1984; Heidegger,
1994) The Dasein constantly constructs such cascades, and abandons them as others
foomiAimechanicallyo this is the way of bein
and sports commentators see minds and bodies in action, but Dasein is actually an
Aintegratedo existential. Wi th specific r
kinetic integration, he says:
The discoveredness of the readyhand and the preseat-hand is
based on the disclosedness of the world for if the current totality of
involvements is to be freed, this requires that significance be understood
beforehand. In understaind significance, concernful Dasein submits
itself circumspectively to what it encounters as readliand. Any
di scovering of a totalitythesake i nvol veme
ofwhi cho; and on t he uthedakeobwhaincdiong of s
Is based in turn the understanding of significance as the disclosedness of
the current world(Heidegger, 1962a, p.344)
Beings as bearers of truthreadyto-hand beings and preseatthand being$
disclosedg¢ | Uttheéina a totality, project the Dase

is the world now, which embraces the inventory and the projection. Thiedgake

81



of-which cascades are at once for the Dasein equiprimordial and in our explication

the Aimechanical 06 constructs that facilita
Chapters 5 and 6 seek to constructtfesakeof-which-cascades for the beings of

Newton and tbse of students.

Being and Timés not a convenient handbook for Heideggerian
phenomenologists. The present chapter builds the handbook that facilitates chapters
5 and 6. Heidegger directs his text at what he requires to repudiate the tradition of
philosophy, and a consequence of this is that there are few sustained examples of
Dasein Afunctioningo. The examples that a
comportment and of beings from his treatment oftifiersakeof-which-cascades
(notice the pagaumbers cited in the quotations above). Further, his preoccupation
with appearances in the critical section®8efng and Time&onvolutes signification.

Practical phenomenologists need details about the kinetic of Dasein, details which
will facilitate theanalysis of phenomena.

The expression Aconcernful Daseino in
something Heidegger does provide which works itself out through signification, and
which facilitates anal ysi s. Hei de@gger 6s N
(Sorgg , i s the ontologically el emental tota
and f or wa rtowardsarse niidboe, i nagt t(Heideggel 18&2a,t i me
pp.214, p.303, p.365, Section VI "Care as the Beingasein", p.228273). AMan i s
this projecting ... (Edtar'manaygisibkeidegger,i n t he
1967, p.282)Thus, the physicist does not encounter reality but engages with beings
in the manner of concern. Reality is a derived, or secondary, formation only
encounéred through other fethe-sakeof-which cascades. Teachers and students
mediate their environment individually pushing ahead without in each case
identifying objects. In their ordinary dealings with the classroom they do not pause
to say fitaatd tbeat bsesokhe school bell 0. I n
t hei r p (Heideggbri 10624, p.192)
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Chapter 4: Physics and physics education

This chapter presents two initiatives. First, it develops what we might expect to be

Hei deggerds account of physics education.

education relate to physics? How is truth involved in pdg/education? As

Heidegger did not write about physics education, it is necessary to extrapolate his
exposition of modern science to elaborate his insights into physics education. This
extrapolation attends particularly to the involvement of truth in moghysics and
physics education.

The second initiative of the chapter relates to a projected enquiry. The chapter
suggests a way to enquire further 1nto
teaching. It establishes the method that chapters 5 andt6é peaetrate the topic.
Heidegger provides the method that progresses the enquiry beyond his own account
of physics. It is his method of the existential analytic of the Dasein, which he argues
ficomes before any psychology or anthropology, and certaifityedany biologp
(Heidegger, 1962a, p.7.1)he chapter develops to two crucial aspects of the method:
formal indication ad ontological biography. Chapter 5 is an existential analytic that
investigates the genesis of modern physics, and chapter 6 is an existential analytic
that investigates the perpetuation of physics through teaching.

Before the new chapter proceeds wtthtasks, it may be helpful to provide an
overview of the last two chapters, which together are the foundation for what
follows. Chapter 2 establishes that truth in physics is an abiding concern in the

philosophy of science. It identifies quandaries inékrenedieval, and modern

H e

phil osophy. The origin of the discipline

conjectures about truth and reality. In the middle ages, as Aquinas shows, truth
remains problematic and not least in relation to reality amhse. Finally, a cadre
of flourishing philosophers, which includes Rorty and some who claim to be

pragmatists, argue that modern science can proceed perfectly well without any

reference to Atrutho. Ot her s ar gutthe such

involvement of truth it is impossible to give an adequate account of the human being.

Amongst those who allege that human beings construct their world, including the
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world of physics, is Hirst, who as chapter 2 shows, develops the implicatiorss of h
epistemology for education. Heidegger dismisses all such theory:

The pertinacity of established epistemological theories which are

constructivist not only generally, but also specifically regarding what

they single out in advance as their subject maittelrgenerate

constructions about, namely, theoretical perceiving and knowing, can

make the phenomena exhibited above seem strange initially.

(Heidegger, 1999b, p.73)
The way to proceed, he asserts, is by way of a kind of seeing that encounters
significance. Heidegger refers to a nasm of enquiry, which will appear strange,
and which he names as an existential analytic of the Dasein:

The pertinacity of such theories and the apparent strangeness of the

analysis can be clarified with regard to what motivates them only on the

basis ofdevelopingthatkind of seeing in which significance is

encounteredHeidegger, 1999b, p.73)
Chapter 3 provides the foundation required to enquire with the new way of seeing,
the existential analytic of the Dasein. His perceppigdrayalof the human being
the Dasein that exerfifies a particular way of beiny shows our perpetual abidance
with truth. Heidegger understands truth in two primary configurations: truth as
correspondencedaequatio and the truth of disclosura,| U t. Adaeiquatio
involvesa | U tahdeaijudgemerdbout likeness or similarity. The chapter relates
Dasein to Heideggerds metaphysical accour
KNS schema which is Daseinds first fAstruc
of truth-beings that involve the Ba&in. The first structural formation of truth renders
Hei degger 6 s i nsi g bffacticitp. The trutkheengshHeideggern e ut i ¢ s
identi fies phenomenheihgsare atlzel réagtp-handa sei nds t
beings, preserdt-hand beings or otheli&e itself. The final section of chapter 3
devel ops the ontological kinetic of the L

functioning of the human being, as it appg

Ontic disciplines and regional ontology

IfyouaskaHeidgger i an scholar, fAwhat i s physics
physics is an ontic discipline or a regional ontology. These answers are consistent

with the account of Dasein already sketched, and now the task is to say how the
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differentanswersrelateo Dasei n and to each other. He
analogy of the tree in the previous chapter enable us to locate physics as an
ontological structure of the Dasein. Without neglecting the totality of relationships
involved, the beings we commonly asi&te with physics appear in the schema as
IIB, the theoretical or objediype something (B8). With this foundation in mind:
What is an ontic discipline and what is a regional ontology?

Early inBeingand Timg Hei degger referssO taondt he 0o
contrasts research in these sciences with research in ontology. Physics is an example
of an ontical science, and inquiry in suc
entitesand t he f a c(Hesdegagdy, @962a, pt3h) e mo

The term Aontic studiesodo may refer to
subjects are a selection of ontic disciplines and when stsitisarn their prescribed
subjects they | earn Athe i nt(edeggennecti on
1962a, p.32) It is apparent that truth in such subjects is most dependent, if not
exclusively dependent, on correspondemciequato Husser |, Hei degge
mentor, argues that the human #erld founds ontic disciplines:

Each of us has his own appearanced;faneach of us they count ... for

what actually is ... we have long since become aware of this discrepancy

between our various ontic validities. But we do not think that because of

this there are many world@lusserl, 1999, p.338)
Ontic certainty, for Husserl, is founded on induct{ptusserl, 1999, p.355 and 376)
and consequently the subjects taught in school are effectively founded upon aspects
of the world which children spontaneously discover for themselves. Children display

an fAunder st anndroomagyoungoafie. Rerhaps stich iobservations

S

i nspired Paul Hirst and his advocacy of
school curriculum.
Inevitably the question arises, what are all these entities and disciplines
founded upon? Husserl propodbkat there are two forms of ontological
investigation: fundamental ontology and regional ontology. Ontic studies in this
sense just discussed, aligns with the notion of regional ontology. As Husserl says in
hi s Apr el i loeanlavittgndaroumnd 22R:
€ there emerges a fundamenbeiaglat y essent
mental process and being as a physical thiDfessential necessity it

belongs to a regional essence, Mental Process (specifically to the
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regional particularization, Cogitatio) thean be perceived in an

iImmanental perception; fundamentally and necessarily it belongs to the

essence of a spatial physical thing that it cannot be so perceived.

(Husserl, 1999, p.72)
He continues to-tdiisnguddsattuhmd mphdy dlidadala  an .
thingso, and it is again agdpeguatmnt t hat tF
particularly when hietyefreas Hueserifil®¥®sieas 0 al
p.72) Husserl would say th&tewtonconstructed mental models of transcendent
physical entitie$ entities that exist but which in themselves have nothing to do with
Newton (chapter 2 indicates similar accounts of realism).

Heidegger provides an overview of ontic studies in his 1927 lecture,
fiPhenomenology and Theolagy wher e, i n a maoaentfiesbeyond H
three things that are always associated with science. Talking primarily about
theology but speaking about ontic studies generally:

Proper to the positive character of a science is: first, that a being that in

some way is already disclosed isat@ertain extent come upon as a

possible theme of theoretical objectification and inquiry; second, that

this given positum is come upon with a definite prescientific manner of

approaching and proceeding with that being. In this manner of

procedure, the geific content of this region and the mode of being of

the particular entity show themselvéldeidegger, 1998c, p.42)
The quotation from Hugsl inIdeas lemphasises both the mental and the physical,
and makes use of the notion of a region. Heidegger in this quotation dispenses with
the Mental but holds to the notion of a s
di scl osednespr mferad btea ntghe ipodiiti ve char a
reflects the notion of phenomenological seeing, apprehension, which because itis
dominated by hermeneutics is more tiha@redescription As we might expect,
He i de gmageisGmitial (region), andetimodel hidden within his grand
analogy is that of a Venn diagram (set tFh
Apositumo i s a rare word today although i
thing laid down or presupposed, esjally as a basis forgument ora postulated or
posited entityOxford English Dictionary, 1989Heidegger apparently refers to that
necessarily presupposed for there to be &

the spatial nature of the image, asishisdsed he wor d Ar egi onod i n
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paragraph. As he said in 1919 on primordial science ast#h@oeetical science,
APrecisely that which -&iupgyHdaeggdar,3000be po s
p.74). A positum, always a being, can be the ontological equivalent of an ontic
fobjecto which includesovdehe fAsight things
APositumo is a word that the existenti
indicates its home within a model, it is spatial in its allusion, it is unitary in its
reference, it relates directly to 6truth©o
commended word for an existential analytic. It also has the authority of Heidegger.
APositumo continues in Heideggerods specta
ontology a decade beyond the publicatioBeing and Timeln the controversial
translaton of Beitrage zur Philosophie (Vom Ereignisg read:
What i s fAscientifi cadgideryimadkamceyvaa bl e i s i
Atrutho which is never graspable by sc
region of beings. Beingas a regiorlie in advance foscience, they
constitute goositum and every s @iosnde vied isrciiethce
(including mathematicsjHeidegger, 1999a, p.101)
The image is again spatiakhistimeiti s fAgraspo and Aregi ono
The positum, to be an existing being, must always be disclosed. It is unitary and it is
rendered as truth. Dasein even renders speculation as a pbsitiich is a truth for
Dasein. It is with ontological ceitaty that the Dasein understands that the Dasein is
involved in speculation. | know when | conjecture. Both quotations demonstrate that
Hei deggerd6s use of the word fipositumo dr a
the reasoning extantinregionalongly and ontic studies. fAPO
associations that the word fAentityo does

recognised as the sciences that address the positum.

Teach the science of nature

Itis possible to discern what Heidegger might gasctically about physics

education from his account of modern sci €
science is by way of metaphysics, he renders physics education as an expression of
Western metaphysics. In the winter of 1931, in the lecture samidsecessence of

truth, in his discussion of the projection of being, the ontological unity of his subject

is apparent when he exemplifies the projection of being in four examples, nature

(physics), history, art and poetfieidegger, 2002b, p.44\When the foundatiorsi
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Dasein, and truth flows within the structure of metaphysics (recall the tree analogy),
a unity constructs itseif regions (as in regional ontology) or ontic disciplines
(perhaps school subjects) are then on display as related aspects of a particofar way
being. The way to gain access to a metaphysical account of a discipline such as
physics, is to interrogate the involvement of truth, both as corresponaedce
disclosure, in all that is indispensable to the discipline.

Hei degger sayshatth ewee stsoednacye coafl IR ws ci enc e
explains that the fAessenceo0 cbafacterigticsear c h i
(Heidegger, 1977a, p.118his section develops the implications of these three
characteristics for practical physidan particular that aspect of physics that involves
educati on. APractical physicso0 here does
school physics laboratory or in research laboratories, but to the work of practicing
physicists, technicians, admitigtors, teachers, and studenthat which we may

observe as work in the maintenance or advancement of the discipline of physics.

Restrict reality

The fiessenceodo of resear chdasktkerméghst s i n t he
establishes itself ... withimbsme r eal m of \Heiddggeli, ®©77a,i n nat ur
p.118) The fAreal mo depends on truth as disc
this constitutes for the human being as indubitable, ontological understanding. The

opening up of a sphere that lldccommodate ontological understandinggstricted

to a particularrealmi s Hei degger 6s first essenti al (
What can be said of it?

This particular understanding as disclosaré, U t, depends on the Real, or
morepreciel y t hat aspect of the Real that the
here does not imply that the physicist is continuously or ever consciaus ddt h e i a
with its hidden understandirigrather,a | U tishdesdéemable in what the scientist
does.Einsteimad i nsi ght i nto this when he said
field, the products of his imagination appear so necessary and natural that he regards
them, and would like to have them regarded by others, not as creations of thought
but as givenredlii €Emstein, 1982, p.270)nBeingand Timg Hei degger 6s
account of Einsteinbs advance appeals to

perhaps be understood as a reference to the Real, however it quickly falls away to
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Aithe problem of matter o wiststothinkunmhel pful |y
manner that Heidegger specifically repudiates:
The relativity theory ophysicsarises from the tendency to exhibit the
i nterconnectedness of Nature as it is
conditions under which we have access to Naitsedf, it seeks to
preserve the changelessness of the laws of motion by ascertaining all
relativities, and thus comes up against the question of the structure of its
own given area of stuiyhe problem of matte(Heidegger, 1962a,
p-30)
Heidegger elaborates on this in his 1938 lecture, publish&étdege of the World
Picture, when he turns from the metaphor of the tne@ mature to speak of a
Aground pland and the fisphere opened upo.
dynamic, and thus it is less suggestive of an individual person and more suggestive
of an intellectual discipline. The opening of the sphere is the fuadeinevent in
research and those involved in physics are obliged to adhere precisely to this
ontological understanding in their practicéhey are obliged to abide with the
a | U tthaedefiaes physics and which he refers to as nature manifest.
Physics is, in general, the knowledge of nature, and, in particular, the
knowledge of material corporeality in its motion; for that corporeality
manifests itself immediately and uensally in everything natural, even
if in a variety of ways(Heidegger, 1977a, p.119)
The significance of the clause Aeven i f i
when consideration is given to the second and third characteristic of modaroesci
In a lecture, preparation for a conference, he says:
Physics, which, roughly speaking, now includes macrophysics and
atomic physics, astrophysics and chemistry, observes nature (physis)
insofar as nature exhibits itself as inanimate. In such obgratiss,
nature manifests itself as a coherence of motion of material bodies.
(Heidegger, 1977c, p.171)
This first characteristic of modern science indicates a potential primary goal of
modern physics pedagogy: it is to ensure that the students of phyisie s the
a | U tthatepert@ins to nature, which is to say, to corporeal materiality in motion.
As Hei degger says, perhaps too concisely,

(Heidegger, 1977c, p.16.:Mow might the physics teacher encourage students to
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attend to tle real and in the required manner set upon it? Direct personal
involvement with the corporeal must be important. Some might say that students
bring this aplenty to the classroom, and they indeed do, but now it must become a
conscious category that assoegwith, and reinforces, the discipline of physics.
Subscription to the corporeal materiality we may regard as the foundational level of
commitment for every physicist. Those exercises that will reinforce this notion may
be the lessons of the primary schder example, the classification of objects of
different kinds and the physical movement of small objects: playing with blocks and
marbles. At the next level, the corporeal moves in waves as for example on the sea
shore, which is the phenomenon that Fegn singles out as assisting a proper

understanding of physics. As his biographer says, Feynman tried to place his

students:
mentally altf twe dtearmd onfithe shore and
sai d, fwe see the water asdementalwaves br e

there, though for Feynman elemental did not mean simple or austere.

The questions he consideithed wi thin the
fundamental questiorisarose on the beactGleick, 1994, p.22)
Unerringly, the master physics teacher brings his students to the very phenomena
that display the first characteristic of modern science.
How mat hematics enters into ishe physic
i mportant. Thet &r emmtoh 8 xapcrceosrsdiionng it o Hei de
fdeepo sense of mathematics, which indicsea

advance of the practical use of mathemgttsidegger, 1977a, pp.14189). To see

this we might reflect that we cannot discover through mathematical reckoning what
mathematics itself ifHeidegger, 1977c, p.17.7Vhus, when we measure something,
we already abide with an understanding that what we are measuring is the kind of
thing that can be measured (within the sphere). The ruler is technology designed to
measure, thus the ruler is marked in centimetres which indicate a dimension in space,
and every centimetre is the same as every other centimetre regardless of the space
involved. Thus, numbers have but a small and derived part in the process of
measuring, and teachers should emphasise to students that specific measurements
(numbers) are not the essencadf U t witleregards to the involvement of
mathematics in physicsnd thatt a nmaataib ah inherent essential part of the

ground plan of physics.
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There are other aspects of the groynteth of modern physics which

Heidegger develops elsewhere. For example, that natural science itself deals only

with Apresdnt homat uheopnpaanr al sciences adr
consideration of their (Heideggpral®¥, ppdsSr el vy a s
47). Another is the nature of Al ogico that
Al ogic of | ogi co ahatdsnechssarylfoosgiénce toocbnstwert e g or

objects(Crowell, 2005, pp.6@®1).

Finally with regard to the first characteristic of modern physics, it is important
to appreciate how physics abides with the physicist. There is in effect a single truth,
a | Ut whieh eatails corporeality, movement and measurability. Theorists discuss
how this may be derived from vision; see
seeingo and McNei I(Uewwnsl198B,gMcheill,d¥99)lathe t he ey ec
terminology that Heidegger largely abandons &®ingand Time t he MnHaspect s
the grounegplan are equiprimordial, which is to sthey are equallynon
hierarchically)basic (primordigl and mutually interdependent. They constitute in a
flow from the roots of the tree to the branch that is physics. Theegmence of this
is that students must grasp the first characteristic of modern physics holistically, in a
gestalt moment. Both Galileo and Newton were troubled that they came to abide
with an equiprimordial complex that is difficult to explain to otherthout lamely
saying i tviieswoa ATwoirsl d s why it is difficu
discipline of physics. They must embrace the constitution of physics as one whole
truthi if they fail to achieve this insight they will not be able tonroit to the
discipline of physicguaphysics. As this is an ontological embrace, it is not
enduringly, or ever necessarily, conscious. When held by a group of people it has the
effect of aligning them one to the other, thus we may identify a comraddiynwit
physics (something that arches over, per h
researchers, technicians, teachers, and senior students). Heidegger would say there is
a Al eapo requi r (eleidedger, 193¢, p.43hose wipohepps i Cc s

congeal with others who have leapt (students become physicists).

Force revelations

The second characteristic of modern physi
whereby physicists entrap and secure paait of the Real that is within the available
sphergHeidegger, 1977c, p.169)
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The methodology, characterized by entrapping, securing, that belongs to

all theory oftherealisareckoniigp. € To reckon, in the

essential sense, means: to recldth something, i.e. to take it into

account; to reckon on something, i.e. to set it up as an object of

expectation(Heidegger, 1977c, p.170)
He refers to the familiar method of enquiry in physidbe procedure of prediction
by way of hypothesis, mea®ment, comparison, and the testing of laws. It is this
characteristic of modern science that encourages us to see the virtues of the physicist
i she is orderly, honest, sincere, systematic, pedantic;opsted, reliable,
collegial, skilled, and diligentAs these virtues also accrue to other disciplines and
human purposes (perhaps marriage is an example) their presence encourages some to
conclude that physics is essentially the same as other disciplines.

Newton struggles to explain how experiments amditseare involved in truth.
He sometimes conceives of reality as a robust scientific réaliktasin the
conclusion of Glazebrook, 2001, p.B)owever, what is the procedure that uses a
hypothesis to enable human beings to know more of reafitgddtter to Oldenburg,
Newton says:

For the best and safest method of philosophizing seems to b first

inquire diligently into the properties of things, and establishing those

properties by experiments and then to proceed more slowly to

hypotheses for the explanation of them. For hypotheses should be

subservient only in explaining the properties of ¢ginbut not assumed

in determining them; unless so far as they may furnish experiments. For

if the possibility of hypotheses is to be the test of the truth and reality of

things, | see not how certainty can be obtained in any science; since

numerous hypotses may be devised, which shall seem to overcome

new difficulties.(Newton, 1978, p.106)
Weg fall 6s translation of this passage us
s ub s e(Wesifal, 1980, 242) and this assists us to see that what is at issue is
truth in its construction amdaequatio When a notion is employed it is brought into
a relationship with somethirigin this case the relationship is that between the
written hypothesis and thathich is revealed. That which is revealed associates with
the ground plan ana | U t, buewhat is now most important is that it also

associates withdaequatidoy way of its association with the hypothesis. There is a
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similarity or a correspondence involved in the total situatewton again
summarises this very arrangement ieply to Oldenburg

... | cannot think it effectual for determining truth, to examin the several

waies by which Phaenomena may be explained, unless where there can

be a perfect enumeration of all those waies. You know, the proper

Method forinquiring after the properties of things is, to deduce them

from Experiments. ... the Theory, which | propounded, was evinced to

me, not by inferring 'tis thus because not otherwise, that is, not by

deducing it only from a confutation of contrary suppositions, but by

deriving it from Experiments concluding positively and directly.

(Newton, 1672p.5004)
His word Atrutho in t hilstahdedaeguatibon e mbr ac

The physics teacher, who seeks to bring students to appreciate the second
essential characteristic of modern science, will involve students in the measurement
of the meaurable. However, the critical part of thiigf the goal is for students to
understand the nature of physicis that the student forces nature to reveal itself in
accordance with already held notions about that to be investigated and measurement.
Furthe, in addition to the mathematical aspect, and equiprimordial with it, the
method will in both its planning and execution show it supports and guides a
fundamental law that has been laid down and is to be confirmed or denied
confirmation(Heidegger, 877a, p.122)

This procedure depends on truthagmequatia there is correspondence
entailed with an aspect of the Real as shown in the sphere or ground plad (ih e i a
also involved in this); there is correspondence entailed in the technology etsely
metre rule must measure the same distance as every other metre rule); and there is
correspondence in the rules that pertain to the application of the technology (take
care to avoid errors). We must consider the various structuestaefjuatian their
specific contexts of meaning. As Kockelmans emphasises these truths are always
finite, context bound, and subject to revis{#tockelmans, 1993, p.145)Consider
for example, a discussion about the errors inherent in the optical obsenfation o
binary stars. This demonstrates the roladdequatiaas the form of truth that is
essential to the second characteristic of modern physics. A physicist tells us that in
all cases, longerm variations such as those visually observed as binary motions

orbits are the result of measurements over a long interval of time and that these
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measur ement s A ha(Mentz,tl1®/1, p.E33edherbsets caltdhe
sources of error (it is necessary to take the word of the observer because visual
observations leave no-raeasureable records, faint pairs of stars and close pairs of
stars present a particular challenge), and the techniques of amelioration (corrections
to micrometer observations, the use of sufficiently long and homogenous data that
enables systematic errors to be determined, rejecting data that falls outside of a
specific parameter, and the use of reversing prisms). Such discussions display truth
asadaayuatio. The observers must be truthful in the records they make (there must
be correspondence between what they see and what they write), skill is involved
particularly with close pairs and faint pairs (there is a judgement about the actual
situation, andsome are more adept at making such judgements than others), to
remove systematic errors in longn data it is necessary to adhere to the notion that
there is a correct measurement to which the actual measurements must be brought by

way of mathematical téoique).

Specialise

What i s Heideggerds third characteristic
reveal new aspects of the Real (new corporeal beings) and develop methods that
force these beings to reveal more about themselves. The engagemehessth
unmasked beings may require new resources, specialist management, skills,
experimental arrangements, and training. In response to this situation the discipline
of physics establishes sulisciplines then sulub-disciplines and the emergence of
specalities shows in the literature of the disciplifier example, H. Small & Crane,
1979) As the subject matter becomes refined, institutions restructure within
themselves to provide the human and physical resources necessary, until specialist
institutions are established. As for example, is seen with the science programmes of
the UnitedSta e s o f National Aecoaadities and Space Administratzom

the Large Hadron Colliddsuilt near Geneva, Switzerlanioly the European

Organiation for Nuclear Research. It is the revelation of new corporeal beings that
demand of humankind that these new institutions. Intrinsically, research has the
character of an ongoing activity, and it is this which drives the requirement for
specialised institutions. Heidegger has in mind research institutions and perhaps
educational institutions when he argube need of the German university to return

to its essential, unifying roo{€ooper, 2002, p.48; Heidegger, 2003)
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This characteristic of sciengedts escalating demand for resourtesnables
us to proffer carer advice to physics students. Specialise as quickly as possible and
develop practical skills to make useful within a research programme. Select for
yourself an area of specialisation that will fragment in your lifetime.

Hei degger 6 s t h moddrn stiBnaeraequitexits assotiatian o f
with truth only through its involvement with the first two characteristics of modern
science. Truth is not uniquely an aspect of this third characteristic as it is in the other
two. The results of research themseslveiopen upo up further op
research: which means that the results of research (which always iadalegquatio
and which always build in the plan of the objepherea | U t) ererate new
possibilities of -topdaptitsefdouts cavn resulif asithe wdysa vi n g
and means of an advancing met hodol ogy 1 s
ongoi ng (Heiddggery 19779, @.124)

The implicatons of this for physics education are stark. Research institutions
require recruits for scienesork and they must be reliable, disciplined, and
responsive to instructions. Reasoned advice is available on how physics educators in
universities might advancgudents in this circumstan¢$tith & Czujko, 2003)The
planning aspects of institutions themselves and the planning of sciemkevithin
institutions, is vital. The science manager is necessarily a part of modern science.
The inplementation of plans requires a certain kind of individual, one who works
well with others, can concentrate on exacting, repetitive work, and who above all is
dependable. For the vast majority of people involved, the work is not glamorous or
even particurly intellectual. Physics education produces individuals for the
machinery of physics employees.

A further implication of the third characteristic of modern science is that for
students it covers over the essential truth that constitutes in the first tw
characteristics. Students find it difficult to see science itself when the needs of
institutions and technology dominate science lessons. National policy also
contributes to this effe¢tde Alba, Gonzaletsaudiano, Lankshear, & Peters, 2000,
p.113, suggests exampleB) educational institutions, timetables and other
procedures of communal life are in the foreground. Most consequential in this
regard, because of its pervasive negadiffect, is the examination. Students who
learn science for the purposes of examinations are consunssthbyguaticand this

overshadows the distinctive renditionsaof U tirhpéyisies.
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The third characteristic of modern science was not always so pnoeimine
Galileo and Newton worked alone during their long periods of productive work.
They engaged | U tandadaaquationithout the distractions apparent in modern
classrooms and research institutions. By engaging students in the perplexity of
Galileo or Nevton, physics teachers can establish circumstances favourable to the
gestalt moment that enables students to &
work with pendul ums, or his attempt to sh
of falling bodiesand the failure of his experiments with falling objects, can lead
students to consider Heideggerds first tv
if students abide with the disclosures of modern physics by way of their practical use
of apparatusftheir own construction. Sobél999, pp.1921)gives an account of
Gal i | e dhatss sufficienkto construct lesson plans. Modern students, in
conformity with the metaphysics of their age, tend to respond to apparatus with
expected assertions, right answers. The physics teacher must oppose brash
adaequatio

The third characteristiof science may distract educators who must make
decisions about curriculum. The influence, credibility, aateenof institutions
today associate with science itself in the minds of students, the public, and
curriculum planners alike. Many studentstfiemcounter physics as an aspect of an
institution, wusually a school . l nstitutioc
perceive the discipline. They see physics as a-tabked event, and watch as
physics attracts resources and associatespagithiasiveinstitutions such as the
National Aeronautics and Space Administrati@vith this entrenchment in
institutions, few curriculum planners are inclined to question the nature of science or

its foundation in the human beings involvement with truth.

The hermeneutic philosophy of science

The section above indicates the implicatdi
account of modern science. What is salient is what Heidegger forgets when he finds
threecharacteristicavithin modern physics, becausestthat which is forgotten

which provides an opportunity for further enquiry. To explore further, the present
section treats of Heelands hermeneutic ph
el aboration of Hei degger 6 sonmovesgfrom mme . Con

Heidegger, to Heelan, to the opportunities opened up by their theory. The subsequent
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section presents a proposal for further enquiry. That further enquiry into the nature of
physics includes physics education and it stands as an alternagv® wonsider the
phenomena of science which Heidegger understands through metaphysics.

Hei degger 6 s ac c o u which leefporeserdsdoescientistssc i e n c e
for him an example of current Western metaphysics which shows in a fallenness of
humankil t hat Al evel s0 human exi stence to r
(Peters, 2002, pp.6,p.9,&p.19) Tec hnol ogi cal Dasein fdhas
control obsession that elevatesiaang technological mastery over entitie®ver
all otherend® (Zimmerman, 1995, p.519)ruth engages Western people as an
encounter through correspondence, the Mndcu
(Cooper, 2002, p.54Yhose entrapped in this metaphysical predicament may find
attractive such theories as those of Rorty and Hirst that do not require the truth of
disclosure. The physicist within modern metaphysics is akin to other peaplese
participant in the overwhelming circumstances of the epoch. This reflects in the
original title of Heideggerds 1938 Il ectur
Wor |l d Pi ct ur e ("lbtrpduddent imHeideggei, X9%7a, p.X)here is
in metaphysics both a fAdecisiond on t he ¢
concerning the essence of truth. Such decisions are not conscious mental acts, but are
decisions that we magentify though the particular involvements of the Dasein that
are made available to us through the study of comportment. By the expression
Aworl d picturedo Heidegger means that whi c
for us(see Babich, 1995, p.591; Heidegger, 1977a, p.1&%ordingly, it is
apparent that when Heidegger asks about the essential characteristics of modern
science, he does so with an established sentiment and agenda. He places physics in a
listof five fAessenti al phenomenon of the mo
technology, art as aesthetics, culture as the highest expression of value, and
Afdegodi zati ono which gener at e s(Hadeggex,r t i c ul
1977a, pp.114.17).

That which the metaphysical account of modern science neglects is
Hei degger 6s already begun phenomenol ogi ca
phenomenological seeing when historicity and metaphysics become the impetus for
his thaught. He abandons the challenge of beings inherent in his early mediation on
Brentanods Aristotle, along with Husserl @

Beings (the positum, ontic entities) within fthre-sakeof-which-cascades do not
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confrontusintée i degger 6s account of modern scien
ontological enquiry and there is the specific referenee toU t. Wesaissame his

work on beings, particularly iBeing and Timgcohere with his subsequent account

of physics. Throughths A omi ssi ono Hei degger poses f
there a credibléleideggerian phenomenologi@dcountof modern physicdPosing

this questiondoesnatn der mi ne Hei degger 6s theory of
ageneral way (soontobedh@ mor e explicit in a critiaqu
an opportunitytorengage Hei degger 6s earlier proje
modern science.

InHei degger s Phil &$apkeprobkScnencates
trajectory. Her historich c count i denti fies fAthe questic
determines its objecto as the decisive fa&
Hei deggerds thought about t he (Gazbreokhce of
2000pp8). As in the present chapter, Gl azebr c
met aphysical account of science. She ther
as the basis on which to understand Newtc
modern science isound by the experimental method to a subjective metaphysics of
representation. Hei degger wuncovers a fmet
certainty of the experimental method is founded upon theasskrtion of the
t hi nki n ¢Glagebrbok, @00, p.65This is a promising place from which to
begin a phenomenology of science with the Dasein, however Heidegger turns from
this opportunity and Glazebrook records
a furt htere erndl ¢ of science i n determining
(Glazebrook, 2000, p.66yVith this direction of thought, Heidegger invites the
present thesis.

Heelan, unlike Heidegger, does not embrace metaphysics as the fagito
an enquiry into the nature of science. As a physicist himself, Heelan finds it
congenial to begin with enquiries into decisive acts of scientific discovery. This
work begins early in his career with a thesis on the German mathematical physicist
Werne Karl Heisenberg (1901976) with whom Heelan holds discussighieelan,

1965) For Heelan the task of a hermeneutic philosophy of scieroe is

explore at a philosdpcal level the sense in which interpretation is at

work in all of physics and other experimental science, and to contribute

to opening up a new philosophidabnd metaphysical perspective on
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physics that was possibly foreshadowed by Einstein and Hegsgim

their attempt tanake sense of their discoveri@deelan, 1998, p.273)
Itis apparent that it is by way of ai-embracingohilosophical enquiry into
Ainterpretationo that insights are to be
i ndi vidual scienti st s phogsgpleyafrsciepceaandineount f
speaks of A e@eeclap 1998, py291dNat the ather way round, as
Heidegger shows in his work on physicand this notwithstanding that Heidegger
acknowledges the importance of Galileo, Kepler, and Newton (as chapter 4
indicates), and mentionstkeo mp | exi ty of Hei senbergds wo

decisive 1962 lectur@Heidegger, 2002c, p.1Heidegger met Heisenberg in 1953 at

a conference, AThe Arts in the Epoch of T
tellingly enysitd¢edl mMge(Peatdet, BIBep.7%or | do

How does Heelan leave the hermeneutic philosophy of science upon the
compl etion of his major i nveenaulicglati ons? F
phil osophy of natural science which is wi

wor ks defined principally by(Heelae 1989, i t i ngs
p.477)
First, Heidegerian, hermeneutic phenomenology acknowledges that all
philosophical enquiries begin and continue with the person who enquires. There is
no opportunity to engage in phenomenological enquiry without the inclusion of a
reference to the self, even if thisnst explicit. The present thesis maintains the
stance that this reference should always be explicit with the enquirer cast in an
ontological manner, as Dasein.
Second, Heelan claims that physics in its genesis and its perpetuation orients
towards the peeptual worldHeelan, 1983a; Heelan, 1983B)erception is the

foundation of physics for many reasons that include its involvement in scientific

observai n . Hei degger since his 1951 | ecture
Afconstantly occupied with the issue of spg
Ospaced6 as conceived by Galil eo, Newton,

wi t h s p gRetzet, 1993, p.I5TKockelmans finds the concept and the event

of fiperceptiond distanced from phenomenol
As far as Heelands cl ai ms adddut scient
myself have in the past always refrained from discussing a hermeneutic

approach to the natural science from an analyzing point of view. By this
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I mean that the term fAperceptiono does
but to an act whose meaning andction can be discovered only by

those who adopt an analyzing attitude. Human beings do not primarily

and directly engage in perception; instead they care, work, study,

wonder, love, hate, etc. The latter are all forms of understanding. And

all understading is, as we have seen, interpretat(@&uockelmans,

1993, p.111)
What is the veiled alternative to an fiana
Aperceptiond as a derived commodity, and
Hisreplyisdr ect : i1t is desirable to attend to

science, teaching sci ence, (Kotkemads) 1988mp | oy i r
p.112) This is a directive to return to the beings and signification in accordance with
chaper 3, which means to enquire into physics within an existential analytic of the
Dasein.

Third, what is the stance Heelan takes on the constructs of theory that are
characteristic of physics, for example, neutrons, protons, and electrons? Do they

exist incependent of the human being or are constructs of the human being,

generated to facilitate understanding? He
that neither of these alternatives i s cor
t he | i viAssuchwheyaleavailable for involvement as cultural entities. It is

through theirtheoy adenness that they achieve t hei
cul tur al h i s(Heelan, 1988l p.2B87J Hisevideranigedobpotential

involvements, however, is not the relationship that bfnégsl ect r ons o t o moc
physics. That is only to be achieved throagh U t, 4né invalvement in the forced

revelation of an aspect of the Real. This does not mean electrons are real or an aspect

of the Real. It means that as the beings that electrortbarselves, as for example,
word-beings, they participate in involvements that through correspondence

relationships enable the Dasein to force an aspect of the Real to disclose. The

fel ectronso are not fthemsel vefan an aspec
fel ectrond in physics is akin to the el ec
lifeworld, it is however, only through | U t thaeits special embroilment in modern

physics can occur. Not al | U tishtleea la U t ohneodlean physics, and thus the

electron may involve itself in human understanding though historical, local, or

practical situations. Scientific experimetia, involves human beings in involving

10C



themselves in situations where scientific
manifestation will entaia | U t, 4né mueh of the work of modern science is
preparation for that expository disclosure. Heelanusestheo r e ssi on Af i ndi
producing speci meeaelanp1972pprl2lphseventisa t i o n
breakthrough of an aspect of the Real into thetersakeof-which-cascades of the
Dasein.
Equally, through expression in the truth of correspondence, theoglenay
incorporate itself in the fethe-sakeof-which-cascades of the Dasein. The school
student, who learns from a textbook or a computer screen, may participate in a
cultural lifeworld that engages electrons. Without phenomena that entail disclosures
of the Real that entail the electron, the electron for the student remains detached
from modern physics. The existential analytic in chapter 6 investigates such
situations.
Fi fth, a further topic to consider fro
the truth of disclosure upon the Dasein. Most accounts of the revelation of an aspect
of the Real in modern physics record it as a profound experience for the Dasein. This
has consequences that are evidenced i n He
One ofthose consequences is that theorists such as Rorty observe the camaraderie of
physicistsi those who enter into the discipline of physics and sbamgething
identifiable. Rorty dentifies that shared as a social construct and consequently
advances the nion that physics education is evangelism. Rorty is correct when he
observes the priesike devotion of physicists, but this devotion is not to each other
or to the ontic discipline of physics, it is to aspects of the Real involved in truth.
Sixth,chapgr 2 argues that there i s a fishad
scepticismo inherent in theories that den
beliefs and curriculum. Heelan provides two examples that enable us to explore truth
and experience. Iparticular, they show the contribution@fl U timhpéyisies and
some dimensions of hermeneutics. Tpartentoushistorical conflicts reverberate
for centuries, and one of these demonstrates the effact of) t imneodean physics,
whilst together they advance our insight into hermeneuticseTher s Gal i | eo 6 s
conflict with the Catholic Church and Mar
Trent(Heelan, 1994, p.363; Stapleton, 1994, p.11)
All parties to the disputes believed that there was a singulédr and the task

was to read that truth correctly. Both Luther and the Ecclesiastical Council fully
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expected to find Gododés truth written by
with no less conviction, believed God wrote truth in the book afreatAt the level
of human practice, the pivotal i ssue i n t
experience t (bleelam 1984 3644 hisdstdistioat foom any claim
for a mere, relativistic, historical materialisnthe problem of truth for Luther and
Galileo is how to access it.

Galileobs access to truth came from hi
whi ch conf i r morbitesdnd to theeoppoditaside df thesSun from the
Earth, a result predicted by Copernicus, and in contradiction offRiplé s t heor y o
planetary arrangementd&/hen the historian and research astronomer Owen Gingrich
readGal i |l eo6s notebook he discovered that a
solar system Galileo stopped writing in the vernacular Italian and wrote in Latin
(Gingerich, 2003Heelan, 1997, p.274This, admittedly slight evidence, suggests
the moment of insight had the character of an unrestrained, holistic leap whereby
Galileo came to abide with absolute certainty with a significant truth. Heelan likens
it to a mwér giionue drd compares it to the
examples problematize the nature of the alternative world views and the involvement
of truth in worldviews. A leading aspect of hermeneutics as shown in these historical
examples is the personal expence of enlightenment. For a human being there is a
distinctive insight that likely identifies with a particular moment of realisation or
certaintyAl Utrheaerirai veso, although strictly equi
Luther, there isthe experienoef conver si on that deci sivel
undecidabilityo, when for Trent the releyv
course, this did not involve modern physics. Similarly however, Galileo finds his
experience of cowyvenxgieon, nitielbseir @ ne mplea m w
e X p er i(Haelam,t1994, pp.37871) in modern physics.

It is apparent that kading aspect of hermeneutics is its legitimation of
alternative accounts of the same phenomena/text/reality. The human being has the
ability to select or reject a phenomenological truth of experi@ieelan, 1994,
p.371) Notwithstanding the modern discipline of astronomy, it remains sensible (a
truth,a | U t) to say that the Sun rises in the east and sets in the west, and thus
proceeds across our sky and encircles our spherical Earth. In physical science today,
the Earth revolves round the Sun and that is also sense. Two accounts with their

foundatiors in sense coexist. Another example involves the seasons. In the United

10z



Kingdom, they base the periods of spring and autumn upon agriculture, whilst in the
United States they understand the seasons as fixed parts ofafoyear:
It makes no clear seedrom this second point of view, to say (e.g.)
ASpring came | ate this yearo: that rep
astronomy to agriculture, which we are liable to take unthinkingly.
(Toulmin, 2002, p.28)
In such examples, evfind the problematic of privileged stances, or more
expansively, the problematic of alternative constructs of truth as disclosure and
correspondence. Modern physics is a particular privileged stance because of the

forced involvement of an aspect of thedR

A proposal for an investigation

There is an opportunity to learn more of about physics educatiomgh a new
stratagem that truth facilitates. A research initiative suggests itself through the
discussions in chapter 3 and the present chapter thuEhia present section and that
which follows it, elaborates the new technique, and chapters 5 and 6 implement it.
How did we arrive at this pregnant mom

account of truth for Dasein and chapter 4 has brought this acimowatrd into in

modern physics. It i s convenient to | abel
Aimetaphysical account of modern scienceo
and association with Kant. Hei deiggiger 6 s me

about truth andonsequentlphysics education is about truthl Ut ame i a

adaequab are the intrinsic foundation of modern physiasis truth that allows the
possibility of modern physics and mediates the actuality of modern physics. As
adaeqiatioandt a nmeatatiaik theiinauguratiorand enduring substantiation in

a |l Ut ihneay ke said that | U t doreinates physics. However, this is a

misleading way to consider truth in physics, because there is a formatioh &ft h e i a
in physics whi is distinct from all other formations afl U t. &Ale U tabveais a

modern physics through a particular formation of truth, a primordial unity of a
structural wholé¢ Heidegger refers to this first sep as a ground plan, area, or
circumscribed objeegp her e. Ri chardson is credited wi
(Babich, 1995, p.590)t was the achievement of Galileo and Newton to abide with

this particular complex dfuth in examples and they did so mindful of the newness

of this human involvement, knowing that t
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