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Abstract. In the first part of this paper we investigate hseientific theories can be represented by frames.
Different kinds of scientific theories can be digfilished in terms of the systematic power of thraimes. In

the second part we outline the central questiodsgaals of our research project. In the third andlfpart of
this paper we show that frame-representation isedulitool in the comparison of the theories ofogjigton
and oxygen, despite those theories being traditipoanceived as incommensurable. The frame-thaoret
presentation reveals common attributes, valuesu#timdately structural correspondence relations leetwthe
two theories. In our view this outcome lends cregetio a structural realist view of science.
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1. Introduction: Representing Theory Structure by Means of Frames

A frame represents a super-ordinate category breeuisive) system of (functional) attributes.
Everyframe, and even more so evemgt of frames, defines aystem of classification for the objects
of the underlying super-category. Therefore, fraraes an excellent tool for the investigation of
conceptual frameworks underlying scientifieories and their respectiventologies (cf. Chen &
Barker 2000, Chen 2003). Figures 1 and 2 illusteateame-theoretical reconstruction of two cate-
gories of present biological classifications: thper-categorynammal and the sub-categorgbra.

The examples contain all the intended propertias flmames should possess, something which
accords well with the theoretically central proj&dt of the FOR 600 (cf. Petersen 2007). Concern-
ing Figure 1, the first thing worth noting is thithe values of most attributes of the super-ordinate
frame for the category mammal are not specifie¢hSwalues are specified in sub-categories (such
as zebra). Although “viviparous” is often regardedelong to themeaning of “mammal”, strictly
speaking it is only correct to regard it adefault value of the attribute “reproduction” in the frame
for mammal because there are some species of mamhadh are non-viviparous. However, in the
frame for the subcategory of zebra “viviparous” drees a fixed value of the attribute “reproduc-
tion”. The same is true of the value “four-leggeddmotion’ The second thing worth noting is the
recursive character of frames. This is evidenth®yfact that the values of certain attributes corre
spond to (nested) frames. For example, the skekytmn is of high classificatory importance and
possesses its own characteristic attribute spaxets own frame. The third thing worth noting is
the constraint between the values of (type of)itotr and that of (type of) teeth. Such a constrain
relates the values of these two attributes in astoat empirical correlation (or uncertain biologi
law): herbivorous nutrition correlates well withufbdoes not necessitate) molar teeth, carnivorous
nutrition correlates well with (but does not nedaés) fang teeth, etc.

The frame for the sub-category zebra in Figurel®dw instantiates the empty slots of all (or at
least most) of the remaining mammal-attributes walues. Crucially, the zebra-frame alsgorts
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somenew attributes which are central only for zebras, ¢hegir black-white skin-colour. This is
called a “value-attribute-constraint”: the valueetiza” for the biological sub-category imports the
new attribute “skin-colour”. One also sees that stimes the values of an attribute are specified
only partially by assigning to the attributeset of values, e.g. {steppe, savannahhtbitat.

Biological Category: Mammal
Biological subcategory:

Reproductiondefault: viviparous

Skeleton: | Skeleton-type: bone
Feet

Te(-a.t-h:— ﬁ

Locomotion:default: four-legged

Habitat:—

Nutrition: | Type of nutrition= -/

Nutrition:—

Figure 1 Frame for the biological super-categtmammal”.

Biological Category: Mammal
Biological subcategory: Zebra

Reproduction: viviparous

Skeleton: Skeleton-type: bone
Feet: hoof

Teeth: molar <—T

Locomotion: four-legged

Habitat: {steppe, savanngh

L

Nutrition: | Type of nutrition; herbivorous

Nutrition: {grass, leaves}...

Skin-colour:black-white
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Figure 2 Frame for the subcategory “zebra”. The new entrisantiated by the zebra-frame are underlined.

The degree to which the values of all attributea ame are determined by the values of one or
only a few attributes is called tisgstematic power of a frame. Therebgubcategory concepts such
as “zebra” do not count as proper attributes, beedloey determine the values of all of the relevant
proper attributes on trivial reasons. The diaguostficiency of a frame is intimately connected
with its systematic power. Biological classificatidrames such as the zebra-frame have low to
moderate systematic power because the values aktieton sub-frame of zebra, for example, do
not determine many of the values of the otherhattes. For instance, hoofed animals need not live
in the steppe or the savannah, as they can al&bd living in the mountains.

An example of a frame with an extremely high systéc power is the frame of thgeriodic
table in chemistry: here, the atomic number (and conogrmiuclear stability and decay properties
also the mass number) determines all further att and their values. This takes the form of a
strictly general value-attribute and value-valuastoint— see Figure 3.

Chemical category: element

Chemical subcategory: [name of element]

Atomic number (= number of protons):

Mass number (= number of protons and neutrons):

Various further attributes, all of which are strictly determined by atomic
(and mass) number e.g.:

Melting point:—

Boiling point: -

Electronegativity -

Character: (metallic or semi-metallic or non-met3ll—

If metallic character: solubility in different kisdf acids;

If non-metallic character: solubility in differekinds of bases; etc.

Figure 3.Frame for the periodic tablethe values of all additional attributes are deteed by atomic (and
mass) number.

2. Central Questions and Goals of our Research Project (B6 of FOR 600):

Goal 1: The first goal of the project is the frame-thearativestigation of theory-transitions, onto-
logical change and structure preservation in theeld@ment of chemistry and biology. In particu-
lar, we intend to find plausible answers to théofelng questions:

* Which historical and epistemological conditions s fulfilled in order for an attribute to
become aentral dimension (node) in a scientific classification frame?
* What is the (hiddemole of conceptual frames in tliynamics of theories?
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e How can conceptual frames coming from competing erfev incompatible, in-
commensurable) scientific theories or research narog becompared? We have the fol-
lowing conjecture: Frame-representation can revealctural correspondence relations be-
tween different frames, which can be regardethesiances in the sense of structural real-
ism (see Worrall 1989).

Goal 2: Our second goal is the development of criteriatlier ontological interpretation of frames.
The central questions to be answered while workimghis goal are the following:

* Which nodes of a frame can be regarded to possalstic reference, and which nodes
have merely amstrumental value? Ourconjecture is the following: Nodes which figure as
causal unifiers of correlated dispositional projgsrare genuinely referential (Schurz 2008)

Goal 3: Finally, the third goal is the development of enxadion criteria for (a) théheoretical unifi-
cation and (b) thediagnostic effectivity of frames. Weconjecture that dimensions (a) and (b) may
sometimes come into conflict (e.g. in biology)

3. A Preéiminary Reconstruction of the Correspondence Relations between Rival
Frames. The Phlogiston-Oxygen Case

The theory of phlogiston goes back to Johann BeahdrGeorg Stahl (who coined the term ‘phlo-
giston’ in 1723), and was developed, among othgrsiénry Cavendish and Joseph Priestley (cf.
McCann 1978, ch. 2). According to this theory, costible substances contaohlogiston, which is
the bearer of combustibility. When combustion olcication or roasting of a substanXetakes
place,X delivers its phlogiston in the form of a hot flamean evaporating inflammable gas, leav-
ing behind a dephlogisticated substance-specittduval (a so-called ‘calx’). This process was
called phlogistication, and the inverted procestephlogistication. It is widely known today that
phlogiston theory had difficulty explaining a numlzé phenomena — in Kuhnian terms it faced a
number of anomalies. What is not so widely knowthat the theory of phlogiston was empirically
quite successful (cf. Carrier 2004, Schurz 2000926- examples of this success are given below.

In the 1780s Antoine Lavoisier developed thggen theory of combustion. The generalised
form of this theory is now part of modern chemistkgcording to Lavoisier's oxygen theory, com-
bustion and calcination of a substaneonsists in the oxidation of, i.e. in modern terms its
forming a polarized bond with oxygen. In the modgemeralized oxidation theory, the oxidizing
substance need not be oxygen but another strofegirenegative substance, e.g. a halogen. Thus,
according to the modern oxygen theory, ekiglation of a substanck consists in the formation of a
polarized bond betweeX and an electronegative substaiY¢cen which theX-atoms become elec-
tropositive and donate electrons to their elecigatige neighbour-atoms of typé The inversion
of this chemical process is callestiuction.

The assumption of a special bearer of combugiilvlas recognized by advocates of the oxygen
theory to be explanatorily superfluous. Phlogissonply does not exist. But how can we then ex-
plain the strong empirical success the phlogisteoty enjoyed at the time?

In Schurz (2009) it is argued that the theoretieai “phlogiston” was empirically underdeter-
mined. The theoretical expressions which perforthedempirically relevant work for the theory of
phlogiston and thus weirgt empirically underdetermined wephlogistication and dephlogistica-
tion. These concepts of phlogiston theory stand in thlewiing relation of correspondence;JC
with central concepts of modern chemistry: (C1) IDegistication of a substancé corresponds
(and hence implicitly refers) to the donation cdatons ofX-atoms to the bonding partner in the
formation of a polarized or ionic chemical bond2]®hlogistication oKX corresponds (and hence
implicitly refers) to the acceptance of electror@i the bonding partner by positively chargéd
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ions in the breaking of a polarized or ionic cheathiwond. Theseorrespondence relatioesplain
the strong empirical success of phlogiston theory.

In order to reconstruct the structural correspacdébetween phlogiston theory and generalized
oxygen theory in a frame-theoretic manner, onefinststo develop ayeneral classification frame
for chemical reactions. A first approximation takes the following form: éhemical reaction con-
sists of one or two input substances under cedaiditions (relating to the substances as well as
the circumstances of the reactions), together it or two output substances and possibly some
residuals. The general chemical reaction framiuistiated in Figure 4.

Chemical Reaction Category:

Input 1: Condition=
Substance:

Input 2: Condition=
Substance:

Special and catalytic conditions depending on isp(#.g. heat, presence of cata-
lyst,...)

Output 1:-
Output 2:-

Residuals: (incomplete reaction, catalyst-residuals

Figure 4. The general classification frame for cloahreactions.

Two constraints govern chemical reaction framesstFihe chemicalaw of equal proportions re-
quires that for all atoms (elements) of kindvolved in the reaction, the number of moles tofai
among the input substances equals the number afsnodl atomi among the output substances.
Second, theeaction-inversion principle, according to which for every reaction, there exane and
only one inverse reaction. The reaction-inversiongiple is important for the general frame theory
as developed in project B1 of the FOR 600, fos ot anntra-frame, but annter-frame constraint
which connects frames of different chemical reandior his principle demonstrates the need of ex-
tending the theory of frames to a theoryneifs of frames. We expect to discover many more exam-
ples of this sort in future case studies.

Interestingly, the understanding of chemical neast according to the proposed frame, together
with its intra- and inter-theoretic constraints,sreammonly accepted by both phlogiston and oxy-
gen theorists. This shows how frame-theory candafuliin revealing the hidden common princi-
ples shared by otherwise ontologically rival thesriwhat was different in phlogiston and oxygen
theories was not the general understanding of at@meactions, but thimeoretical decomposition
of the empirically given substances and the obskechemical changes into unobservable compo-
nents and component-changes. In particular, whatumderstood as pure in one theory was under-
stood as compound in the other theory, and viceaverhis different theoretical decomposition of
substances on conjectured parts is illustratedhéydllowing major chemical reactions: the calcina-
tion (or roasting) of metals, the salification (isalt-formation) of metals through their dissabuti
in acids, and the inversion of these two processes.

The following schemata present four chemical ieadypes as analyzed by phlogiston and by
oxygen theory. Underlining indicates intertheoretarrespondences: substances which are under-
lined in the same way correspond to the differbiebtetical decompositions of the same empiri-
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cally given substance. For example, the pure chemsigbstance metal was understood as a non-
compound by the oxygen theory, but as a compouarthety metal calx + phlogiston, by the phlo-
giston theoryHenceforth, “Phlog” stands for “pure phlogistonX+Y” stands for a combination of

X and Y”, for example, “Phlog-Air” stands for “pldesticated air”, “Ash-Phlog” for “combination

of ash and phlogiston”, etc. The symb¢t thdicates that the substance is an evaporatisg Tae
symbols *” (") designate electropositivity and electronegayiviespectively. Items in brackets
denote residuals. Finally, “H” stands for “hydroen

Calcination of metals:

Note that the identification of phlogiston with flammable air’ (i.e. hydrogen) did not work in all
domains. Moreover, phlogiston theory did not wordlvacross the board. For example, it failed to
explain why after combustion the weight of somessaices increased instead of decreasing. This
was unconvincingly explained by different ad-hosusmsptions, e.g. by postulating that phlogiston
had negative weight. Nevertheless, phlogiston theas strongly empirically successful with re-
spect to the domains of oxidation and salificabbmetals and the retransformation of metal calxes
into pure metals. Although Lavoisier's oxygen theaurpassed the success of the phlogiston
theory, it also had to face severe difficultiesitefown: for example, Lavoisier assumed that the
salification of metals through acid is always daeeffects involving oxygen; but oxygen is con-
tained only in some but not in all acids.

We can now express the relations between the dhieal analysis of combustion and salt-
formation by means of the following special cherhieaction frames. The values of general oxy-
gentheory are underlined once and those of phlogisitenryare underlined twice. Consider the
combustion and salification frame of Figure 5. Héve oxygen theory’s condition of being electro-
positive but in neutral-bond translates into théogiston theory’s condition of being rich in phlo-
giston. Acid is primitive in phlogiston theory betnsists of hydrogen ions plus a negative oxydans
in oxygen theory. Metal is primitive in oxygen tmgdout analysed as metal calx-plus-phlogiston in
phlogiston theory (as explained above). In the adssombustion, phlogiston theory does not re-
quire a second input substance, but merely pure(beeause the phlogiston is already contained in
the first input substance). In the case of saltfation, acid is the second input substance in both
theories.

Chemical Reaction Category: General Oxidation Dephlogistication
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Input 1: Condition; Is-Electropositive, Is-in-NealtBond Rich-in-Phlogiston

Substance: X = Metal Metal calx—Phlogiston
Input 2: Condition: Is-Electronegative, Is-in-NeltBond Poor-in-Phlogiston
Substance: Z: {Oxygen:Y, Acid'HY} {Pure Heat, Acid
Special and Catalytic Conditions: Heat
Output 1: X-Y~ If Z = Oxygen: XCalx If Z = Acid: XCalx-Acid

Output 2: If Z = Oxygen: none, If Z = Acid: ,H Phlog

Residuals: None (exception: Hot Air combustion)

Figure 5. The chemical reaction frame for the pssaef combustion and salification in the theoriepldo-
giston and oxygen.

The inverted processes of reduction are displayethe frame of Figure 6. Here, the different
analysis of the residuals of the reactions is @&cs interest. ash, which is a residual for oxygen
theory, is a proper output substance for phlogist@ory, while water, which is a residual for phlo-
giston theory, is a proper output substance fogerytheory.

Chemical Reaction Category: General Reduction Phlogistication
Input 1: Condition; Is-in-Electropositive Bond Poor-in-Phlogiston
Substance: XOxide XCalx

Input 2: Condition;_Is-Electropositive, Is-in-NeakBond Rich-in-Phlogiston
Substance: Y {Coal, Hydrogen} Y {Coal = Ask-Phlog, Phlog}
Special and Catalytic Conditions: Heat
Output 1: X
Output 2: If Y = Coal: Codt-Oxide If Y = Hydrogen: Water (=HydrogénrOxide)
If Y = Coal: Ash If Y = Phlog: none
Residuals: If Y = Coal: AshPhlog-Air If Y = HydrogerPhlog none/ Water

Figure 6. The chemical reaction frame for the isegprocess of reduction in the theories of phlogistnd
oxygen.

These examples elucidate the central advantageedfame-theoretic analysis of competing theo-
ries: the frames tell us, first, what was commorbath theories (those entries of the two frames
which are not underlined) and second, how the tveoties’ different ontological frameworks cor-

respond to each other (in our examples they arengbdy the structural relations between those en-
tries that are underlined once and those that agertined twice). On the basis of these and other
reasons we are confident that the frame-theoredicalysis of the structure and dynamics of scien-
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tific theories and their ontologies promises toabeery powerful tool for finding plausible answers
to problems in philosophy of science. At the same t our examples show how frame-theory itself
can be sharpened and further developed by itscgtigln to this field.
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