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1. Introduction

Jim Bogen and James Woodward’s ‘Saving the Phenampaoblished only twenty years
ago, has become a modern classic. Their centrefleeeis a distinction between data and
phenomena. Data are typically the kind of thingst tire publicly observable or measurable
like “bubble chamber photographs, patterns of disgh in electronic particle detectors and
records of reaction times and error rates in varipgychological experiments” (p. 306).
Phenomena are “relatively stable and general festofr the world which are potential objects
of explanation and prediction by general theoryd ane typically unobservable (Woodward
1989, p. 393). Examples of the latter categoryudel“weak neutral currents, the decay of the
proton, and chunking and recency effects in humamary” (Bogen and Woodward 1988, p.
306). Theories, in Bogen and Woodward’s view, diksad to systematically explain and
predict phenomena, not data (pp. 305-306). Theioakhip between theories and data is
rather indirect. Data count as evidence for phemanand the latter in turn count as evidence
for theories. This view has been further elaboratedsubsequent papers (Bogen and
Woodward 1992, 2005 and Woodward 1989) and is bewpmcreasingly influential (e.g.
Prajit K. Basu 2003, Stathis Psillos 2004 and MaarSuarez 2005).

In this paper | argue contrary to Bogen and Woodwidnat data serve as evidence for
theories, not only for phenomena. Bogen and Woodvwgaem to forget the old Duhemian
dictum that ‘theories cannot be tested in isolatidhat is, they seem to forget that theories
require the help of auxiliary hypotheses to maketact with data. When augmented with
suitable auxiliaries, theories do entail, predictd apotentially explain the data. | say
‘potentially explain the data’ because my focughis paper is only on the inferential and
predictive relations between theories, phenomeraé data. To demonstrate my claim |
examine four cases from physics, chemistry andomsiny: (i) a controversy between
Lavoisier and Priestley, (ii) the calculation ohdes melting point, (iii) the prediction of the
Poisson spot and (iv) the discovery of Neptune. fiits¢ of these is discussed in Basu (op.
cit.) and the second in Bogen and Woodward (19B&8.last two have not yet been discussed
in the context of Bogen and Woodward’s work butythee widely discussed in confirmation
theory as paradigmatic examples of novel predistidiine choice of cases reflects my desire
to assess Bogen and Woodward’'s view (1) under &s¢ lght by considering one of their
principal examples as well as a meticulously disedsexample from one of their devotees
and (2) under the most stringent confirmation agatéy considering two exemplary cases of
novel prediction.

2. The Lavoisier-Priestley Controversy

Basu (op. cit.) argues that for observations tofogse in theory testing, they first need to be
transformed into evidence. Since the transformatiaocording to him, involves the
introduction of theoretical vocabulary, the endéarct is theory-laden. Basu motivates his
claims using a distinction between raw (observaiipdata and evidence that is explicitly
modelled on Bogen and Woodward's distincttofollowing Bogen and Woodward, he
claims that theories do not entail, predict or explbbservation statements or data, not even
with the help of suitable theoretical auxiliarieBhis prevents any direct observational

! Although Basu agrees with much of what Bogen armbtWard have to say, he thinks that their distorctis
inadequate in handling cases of ‘revolutions’ iilesce” (p. 354).



assessment of theories (plus auxiliarfe$p support his claims, Basu considers in detail a
rather well-known controversy between Antoine Lavei and Joseph Priestley.

The controversy concerns two conflicting resultsarating from what appear to be the same
experiments independently carried out by the twerdists. Both scientists were in agreement
that the observable result of the experiments wasproduction of a black powder with
certain propertied Since their respective theories of oxygen anchidgiston do not speak of
(or indeed entail) the presence of black powder,dbservable result cannot immediately be
used for theory adjudication. The raw observatiatedh first has to be theoretically treated.
This is where the disagreement arose. For Prigsty advocated the phlogiston theory,
when iron is heated in dephlogisticated air it edad the production of iron calx. For
Lavoisier, an advocate of the oxygen theory, thatihg of iron in oxygen leads to the
production of iron oxide. Yet, the presence of ialx is only entailed by the phlogiston
theory and the presence of iron oxide is only édalby the oxygen theory. In other words,
the same observation (i.e. the presence of a pkatikind of black powder) is theoretically
interpreted — out of necessity, for on its own, BBakims, it is not evidentially potent — as
two different evidential statements, each only camhg its respective theory.

Although Basu takes theoretical auxiliaries as ssag/ for the transformation of
observations into evidence, he insists that theyaahelp infer the relevant observation
statements from the given theory. In the case adhthis means that the presence of that
particular kind of black powder cannot be inferfeaim either of the two theories. To see this
point, let's formalise the aforementioned statersebet Q: Iron is heated in oxygen, 0O
Iron is heated in dephlogisticated aig; Eon oxide is produced,.Elron calx is produced, B:
Black powder with certain observable propertiesresent, L: @ - E;, P: Q - E, A1 B -

E; and A: B - E. L is a central theoretical claim in Lavoisiertsebry and P the one in
Priestley’s theory. Aand A are theoretical auxiliaries that respectively alleach scientist
to go from observation to evident&onsider Lavoisier's theory. From;@nd L, we can
infer E; but not B. To confirm Lavoisier’s theory we mussame A which together with B
entail . Thus, to confirm Lavoisier’'s theory (or at lease of its parts, i.e. L), we must first
transform B into an evidentially relevant statem@rd. E) using theoretical auxiliary A
Notice that if we add Ato the set of statements {Q.} we still cannot infer B. This seems to
vindicate Basu’s point that even with the help leédretical auxiliaries we cannot infer the
observational statement. In his own words, “...thexstauction of E in (1) [i.e. the
proposition that B and Aimply E;] is asymmetrical. The fact that iron oxide is prodd does
not entail (along with [A]) that a black powder is produced” (p. 361). Thene asymmetry
afflicts Priestley’s evidential inferences. Notathwe cannot judge Priestley’s theory on E
and Lavoisier’'s theory onE Each evidential statement is at best irrelevanthe other
theory, at worst it disconfirms it.

Basu does ponder at one point “whether it is ptsdib predict the (raw) data from the
hypothesis by employing suitable auxiliary assuomgi (p. 362). He dismisses this

2 Observations, Basu claims, need not be theoryaldue they cannot play a direct role in confirmatio
“...although one could legitimately hold that theree aobservations that are not theory infected, such
observationgannotbe employed for theory resolution” (p. 356) [myp@Tasis].

% Priestley and Lavoisier agreed on various otheenlmble results such as balance readings. Thagreisd on
whether the reaction only led to the productioblatk powder. Priestley thought that carbon dioxi@de also
produced. This disagreement is not important faroourent discussion - Basu similarly sidelinesas we are

only interested in the inferential links betweedewnce and (commonly shared) observation statements

* A and A have a more complicated structure that for the sdilsimplicity | leave out. This should not affect

the conclusion of my argument since both auxil@eppeal to the same Stahlian hypotheses to detthe

purity of samples.



possibility two pages later, roundly asserting th@aw) datanever have any evidential
bearing” (p. 364) [my emphasis]. In what followsgcdntest this assertion by finding the
requisite auxiliary assumptions that let us derpredict and potentially explain observational
report B. | do so by presenting a general strateggonstructing suitable auxiliaries that has
applicability to a broad range of cases. This, asshall shortly see, requires a detour via set-
theory. If my strategy is compelling it undermimest only Basu’s particular project but more
generally Bogen and Woodward’s on which the forradirmly grounded in.

Sets can be partitioned into various disjoint padsre formally we say that a set P is a
partition of a set S if and only if (1) all of Preembers are non-empty subsets of S, (2) the
union of P’s members is co-extensional to S andh@)intersection of any two members of P
is empty> A peculiar aspect of this standard definition f&ttany set S (that can be
partitioned) will have {S} among its partitions. IFimose interested in splitting the original set
into two or more disjoint parts, a partition coniag the original set as a member will of
course be unwanted. To overcome this problem, detfne another notion that prohibits such
partitions, call it ‘partition*’. A set P is a p@ron* of a set S if and only if P fulfils the abev
three conditions (i.e. it is a partition of S) a@Adloes not contain S as a member. Let’s denote
such a set as Part*(S). Sets with less than two beesncannot be partitioned*. For a set S
with n members, the number of partitions* is given bylik# number of that set minus one.

Predicates denote properties. Extensionally unoledstproperties are sets. That means that
for any set there is one and only correspondingu¢abor artificial) property, and vice-versa.
This allows us to partition* properties by partrtiog* their corresponding sets. Thus a
partition* of a set S will have as members non-gmmain-intersecting sets, each of which can
be assigned a different property. Indeed, any ptg@pplicable to more than one object can
be partitioned* into two or more properties eachabiich is distinct from one another and
applicable to at least one object. Take the prgpErbeing a mammal. It can be partitioned*
into a great number of properties, some of themesponding to natural, others to artificial
properties. Examples of (presumably) natural priogeiare the properties of primate, rodent,
bat and dolphin. Examples of artificial propertss the properties of being a mammal half a
meter long, being a mammal named ‘Alexa’ and weighmore than 500ky.

To remove any lingering unclarity, let us take aser look at an example of a set being
partitioned*. Suppose S ={1, 2, 3}. We know thaistset has four partitions*, i.e. P&(8) =

{ {1}, {2}, {3} }, Part 2*(S) ={ {1, 2}, {3}}, Parts*(S) ={ {1, 3}, {2}, Part,*(S) ={ {2, 3},
{1}}. Observe that each partition* contains as mearghsets that are mutually disjoint and
whose union is set S. Qua sets, each member atiagrél of S can be assigned a property.
Take for example ParfS). It contains three members, namely sets {1}, {3}. Each of
these can be assigned a different property; weusarthe predicates; RR, and R to denote
these properties. Now if R is the predicate dewgotire property corresponding to set S, then
(X) (Rx = (Rix O Rxx O Rgx)) whereld stands for exclusive disjunction. All the partitsd of

S can be given the same treatment. What is maoree gartitioning* decomposes properties
into mutually exclusive and exhaustive parts, istsla disjunction formulations of such
biconditionals — in the case at hand (x) R#Rux v Rxx v Rex)) — are logically equivalent to
their exclusive disjunction counterparts.

® An alternative first condition does not excludensempty subsets of S, thereby allowing for panisisuch as
{S, O0}.

® Overlapping properties such as being a mammalshaiéter long and being a mammal named ‘Alexa’ao n
of course belong to the same partitions* of thgpprty mammals.
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With these tools and results in mind, let us twrnhte problem at hand. Given our move to
predicate logic, atomic propositions,@,, E;, E; and B are now taken to be predicates while
complex propositions L, P, ;Aand A are now quantified propositions. For example,
theoretical auxiliary A now reads: (x) (Bx- Eix). Crucially, this universal generalisation
implies that either Eis co-extensional to B or B is a non-empty progabset of £’ In the
former case, this amounts to the bi-conditionaestent A: (X) (Bx = Exx). If we add A as

an auxiliary to our original set of propositions ) L: (X) (Oix - E;x)} we can derive the
desired sentenceaBwherea denotes the particular object that bears thesgepties. In the
latter case, we can turn to the concept of pantitto derive an equally suitable statement. We
know that B, qua a non-empty proper subset QfbElongs to at least one partition* of.E
Take such a partition*, let’s call it ‘C’. C is @xtensional to E It contains B as a member
but also one or more other sets that are disjoomh fB. We can assign a property and hence a
predicate to each of them. Let us call thesg, ‘C. , ‘C,y’, wherem is determined by the
number of disjoint sets in C other than B. Thedwiihg auxiliary can now be formulated,;A
(X) (Exx = (Bx O Cix O ... O Cyx)). The properties on the right side of the bidgtodal are
jointly co-extensional to the property on the Isitle. If we add A to our original set of
propositions we can derive the following statem®at] Cia ... 0 Cyna.” Since B is one of
the exclusive disjuncts, the observation thatas property B can confirm the theory and
auxiliaries used in the derivatidhContra Basu, B need not first be transformed into theory-
laden evidence.

Technicalities aside, the conclusion is supportga lvery simple logical point. Suppose we
are faced with the sort of asymmetry Basu talksugbce. we have a statement of the form
‘All F’'s are G’s’ but we really want a statementtbe form ‘All G’s are F’s’ or at least some
statement that allows us to go from G’s to F'sw# know that all objects with property F
have property G, we can infer that either someabj@ith property G have property F or all
of them do. The latter case plays straight intolmurds. The former needs a little spelling out.
That's where the partition* notion comes in, adaitilitates the spelling out by letting us
decompose properties like G into F and non-F pértsng so allows us to conclude that an
object with property G will also possess a propédyn a finite selection of mutually disjoint
properties (partitioned* from G) that includes Fus finding an object with property F can
confirm a theory which predicts the existence ofeots with property G. To put things in
perspective, suppose ‘G’ is an unobservable prgpamd ‘F' an observable one. Theories
supplemented with the auxiliary ‘All F’'s are G’sart be confirmed by observational reports
of objects possessing property F.

In a sense what | have argued for is unsurprisfkg.auxiliary of the form ‘evidence or

phenomenon x implies observation y’ or somethingkee like ‘evidence or phenomenon x
implies (or raises the probability of) an exclusmigsjunction one of whose disjuncts is an
observation y’ is implicit in the scientists’ thdulg when they employ an inverse conditional,

" For simplicity, | use the same letters to denataljzates and their corresponding properties atsd €entext
will determine which one | have in mind.

8 Although some partitions* of imight not have B as a member, their members’ umiiircontain all the
objects that are contained in B. From these wer@aanstruct B, e.g. by further partitioning* themigers of a
given partition* and then taking the relevant unadrihe resulting partitions*. That means that plaetition*
choice does not really matter for the purposesfefriing something about B from.BEChoosing a partition* that
includes B as a member just makes the point ems@ymmunicate.

° The complex propositiona0 Cya ... 0 Craneed not be thoroughly observational, but at leastof its
atomic components, i.e.aBwill be.

19| say ‘can confirm’ instead of ‘confirms’ to avo#controversial issue in confirmation theory, whether or
not derived observational statemealwsayshave confirmational power. The received view hesrbthat they do
always have such power but Larry Laudan and Jdregtin (1991), amongst others, have challengesitigw.
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i.e. when they infer from their observations sonwedential report. Indeed, on pain of
inconsistency, the scientists must have a bicanditi or even an identity relation in mind.
They take it that one of the manifestations of ioxde (or iron calx) is black powder, hence
they are in effect accepting a statement like ‘Aeot is iron oxide (or iron calx) iff/= it is

black powder with certain observable reactionstteelosubstances xor it is a red-brownish
solid with certain observable reactions to othdyssances xor ...". The availability of such

auxiliaries and the inferential relations they emtgr undermines Bogen and Woodward's

view that theories do not entail, predict or eveteptially explain observation statements.

Theories can it seems make direct contact withrebsien reports. It should be obvious that

by ‘direct contact’ | do not mean anything thatlates Duhem’s thesis that theories can never
be tested in isolation. Rather, | mean that theoplks suitable theoretical auxiliaries can

entail, predict and potentially explain observatistatements or data. In short, the view

developed in this section is perfectly compatibithwarious forms of holism®

It is worth noting that auxiliaries Aand A, are not merely stipulated but derived from the
existing auxiliary A. We can similarly derive auxiliariessA(x) (Bx = Exx), and A, (x) (ExX

= (Bx 0 Dix O ... O Dyx)), from A, to allow Priestley’s theory to be tested by obagons.
Indeed, with the help of fand As, Priestley’s theory can be confirmed bg. Eince B can
confirm both theories it cannot be used to disarate between them. This problem is of no
concern to us here since we are frying an altogetifierent fish. The aim was to show that
theories plus suitable auxiliaries can be testedli®ervations, i.e. it was not to show that the
presence of black powder discriminates between is@rts and Priestley’s theories. At any
rate, in terms of theory testing we are not wo¢han when we started since &nd k& are
also unable to discriminate between the two theoMoreover, the fact that one observation
report cannot adjudicate between two theories (pds®ciated auxiliaries) does not entail that
(1) it cannot adjudicate between those theoriesadhers and (2) all observation reports are
similarly impotent.

Alas, things are even more complicated than | Haven so far. Auxiliaries Aand A seem

to have been ad-hoc stipulations since no indepgne®asons were given to support the
claims that one of iron oxide’s or iron calx’s mi@stations is black powder with certain
observable properties. It is always preferable &wehindependent confirmation for a
hypothesis prior to its utilisation but it is nobsalutely necessary. Nowadays we can
independently confirm Lavoisier’'s auxiliary sinceWwave distinct methods of analysing the
chemical structure of the black powder residuendfindependent confirmation existed, the
relevant auxiliary would be confirmationally impate Put differently, either the original
auxiliaries that go from data to phenomena enjagependent support and then so do the
derived auxiliaries that go from phenomena to datahe original auxiliaries are ad-hoc
postulations that play no genuine confirmationdé rout then they are of no interest to any
party in the debate.

3. Calculating the Melting Point of Lead

We turn now to one of Bogen and Woodward’'s mosinpnent examples. The sentence
‘Lead melts at 327.8C’ can presumably be explained, derived and predifrtom theories of
molecular structure. In Bogen and Woodward’s viees $entence is not an observation report
but rather a report about the phenomenon of thetingepoint of lead. The relevant
observations or data come in the form of scattertp@f temperature readings generated by a
series of measurements. Provided various experaheanditions hold, e.g. that there is no

™ In my view, some form of partial holism is highpiausible.



systematic error, that small uncontrolled causesafation “operate independently, are
roughly equal in magnitude, are as likely to beitpas as negative, and have a cumulative
effect which is additive” the mean of the data ¢@nconsidered to be a good estimate of
lead’s true melting point (1988, p. 308). The dhtas serve as evidence for the phenomenon
but they cannot be explained by, derived or prediétom the relevant theories of molecular
structure because the mean of a given distributitmes not represent a property of any
particular data point” and “it will not, unless veee lucky, coincide exactly with that value
[i.e. the true value of the melting point]” (198&. 308-9). On the basis of these two reasons,
Bogen and Woodward conclude that the data in thid similar cases cannot serve as
evidence for the corresponding theories.

Let us consider more closely the two reasons Bageh Woodward cite to prop up their

conclusion. As | understand it the first holds tivatcannot explain, derive or predict a datum
from a mean because the latter represents a pyopfest set of data but not of any one of its
members. The second reason holds that we canntirexgderive or predict a given mean

from the theoretically predicted value of the nmgtipoint — which in the example above
Bogen and Woodward suppose to also be its trueevalsince the mean and theoretically
predicted values need not be equivalent. Although tivo reasons are strictly speaking
correct, closely analogous derivations can be gulié with the help of suitable auxiliaries.

To wit, we can derive exclusive disjunctions whaoguncts include the desired mean and
datum.

Take the second claim first. Suppose we want tivelea particular meamy, which we
assume for the sake of simplicity to satisfy ther@inentioned experimental conditions, from
a particular theoretically predicted valpge We know that every mean with some standard
errore corresponds to a different rangef theoretically predicted values of the meltirgr

of lead such that r = {x: ,m< x < m+¢}. Now take only those pairs @h ande that fulfil the
aforementioned experimental conditions, i.e. thespthat are typically good estimates of
lead’s true melting point. Let us call these ‘tledested pairs’ and their corresponding ranges
‘the selected ranges’. Since Bogen and Woodwardnasshat the theories of molecular
structure determine lead’s true melting point st not an essential assumption but it
simplifies the derivation — we can infer that tledested pairs are typically good estimates of
the theoretically predicted value of lead’s meltpgnt p;. This means that the majority of
selected ranges contgia as one of their members. Let us denote that ssetletted ranges
by R and the corresponding set of selected pairMbyVe can obviously derivil from p.
Providedm, and standard err@; are good estimates of lead’s true melting poistwa have
assumed abovem(, &) [0 M. To express this in a more familiar format, the ey &) will

be one of several disjuncts in an exclusive digjonahat, contrary to Bogen and Woodward,
we can derive from the theories of molecular strreplus the foregoing auxiliaries.

The first claim can be handled similarly. Supposewant to derive a datudh from a mean

my which is determined by a particular data set ohaltose members id;. Like before
suppose for simplicity’s sake that; satisfies the stated experimental conditions. \Wewk
that every meam with some standard errercorresponds to a unique rargef data sets of
temperature readings of lead’s melting point. Obsig different data sets can have the same
mean. That's why the relevant auxiliary assigneaoh mean a range of data sets, i.e. a set of
data sets. Take those pairsnofande in M. Each of these has a corresponding rangeta d
sets. Let us denote the set of all such rangd3.We can obviously deriv® from p; and the
other auxiliaries. We know already that the pai ;) has a corresponding range of data
sets, at least one of which contadis Since (m, &) [0 M we can infer thadl; is contained in

at least one of the data sets contained in D.Herawvordsd; will be one of several disjuncts
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in an exclusive disjunction that, against Bogen #Whwabdward’s view, can be derived from
the theories of molecular structure plus some Blatauxiliaries.

4. Novel Predictions

A significant gap exists in the writings of BogemdaWoodward. Nowhere do they
systematically and explicitly discuss the role of/el predictions, considered by many as the
Holy Grail in confirmation, in the relationship beten data, phenomena and theoffels
this section, | will argue that novel predictionge garticularly damaging to Bogen and
Woodward’s claim that data cannot serve as evidémctheories. To make this point | will
look into two paradigmatic cases of novel predittio

The notion of novel prediction can be understood mmandful of competing ways. These can
roughly be classified under two broad categoriesidoral and usd.emporal noveltyequires
that what is predicted be in some sense unknover poi a theory’s prediction of i The
sense of unknown depends on the particular tempestictions advocated. For instance, one
may require that what is predicted must not be lyitaown or that it must be unknown to
the theoretician who makes the prediction. Examghes satisfy both stringent and liberal
criteria of temporal novelty include the two casiest | will shortly be examining, namely the
prediction of the Poisson spot and the predictibthe existence and properties of Neptune.
These two cases can also be accounted for by tihennaf use noveltywhich requires that
what is predicted is not in some sensed in the construction of the theory that makes t
prediction'* As before, the sense of used depends on theartiestrictions advocated. For
instance, some require that what is predicted miastbe the explanatory target of the
individual who designed the theory, while otherattlh must merely not be used to fix the
value of one or more of the theory’s paramet2ran example that perhaps satisfies both
stringent and liberal criteria of use novelty iswtien’s prediction of the rate of precession of
the equinoxes. This example does not qualify ugrtemporal novelty account since the
rate of precession of the equinoxes was not ontelyiknown to scientists at the time but
also known to Newton himself.

Some scholars have questioned the idea that tisecai® be confirmed at all. Of those who
accept that theories can be confirmed, howeverge nbenies that at least some of the
examples cited as cases of novel prediction hasgpstonfirmational powe!? The Poisson
spot and Neptune cases were chosen precisely leetiaers are generally acknowledged to
have acute confirmational power. As | already allidooth cases satisfy stringent and liberal
criteria of temporal and use novelty. For this ogaghey present a first-rate test of Bogen and
Woodward’s view in the arena of novel predictions.

Let us first consider the Poisson spot case. I® 18igustin Fresnel entered his wave theory
of light in the French Academy of Science compatition the diffraction of light. The
panellists consisted mostly of supporters of théigda theory of light, which was dominant at
the time. One such panellist, Siméon-Denis Poisatiempted to disprove Fresnel’s theory
by deriving from it what he and others considemr@dbé an absurd consequence. If Fresnel’'s
theory was right, a bright spot should appear enrthddle of a disk’s circular shadow when

2 \Woodward (1989) makes some cursory remarks atmuel predictions.

13 pierre Duhem ([1914]1991, p. 28) can be interprabeing an advocate of temporal novelty.

14 Deborah G. Mayo states the relationship betweervib notions clearly when she says “most scientidises
are equally accommodated by (and hence fail taidigtate between) temporal and use-novelty, unssirngy
since temporal novelty is sufficient, though notessary, for use-novelty” (1991, p. 525).

15 The first suggestion can be found in Elie Zah&7@) while the second in John Worrall (2002).

16 Mayo (op. cit.), for example, criticises the natiof novel prediction but does not deny that mafthe cases
that qualify as novel predictions have sharp comdiional power.



illuminated by a narrow beam of light. Francois goaone of the other panellists, performed
the experiment and to everyone’s disbelief obsemredbright spot. As a result Fresnel’s
wave theory received a hard-earned confirmationabsb To make sense of this
confirmational boost it is necessary that theosiled data are more proximal than what Bogen
and Woodward would have us believe. After all, with some guidance from suitable
auxiliaries Poisson and Arago would not have knommat to look for in order to judge
whether Fresnel’s theory was right. This guidareae in the form of an auxiliary hypothesis
that connects the theoretical prediction of cortsive interference in the centre of the disk’s
circular shadow to the observation of a bright spobther words, it was acceptable to both
parties in the debate that constructive interfezeimoplies brighter regions. Without this
assumption, which incidentally still stands todBgjsson would not have been able to predict
the bright spot that he thought would undo Fresnibkory.

The same point can be raised in the context ofltbeovery of Neptune. Urbain Jean Joseph
Le Verrier and John Couch Adams worked indepengemtl explaining Uranus’ irregular
orbit. Both men hypothesised the existence of agqtlavith enough mass to gravitationally
perturb Uranus’s orbit and employed Newtonian dateons to identify its properties and
whereabouts. Le Verrier sent his predictions to. I3@lle at the Berlin Observatory, who
detected the planet on September 23 1846 at appatedy the exact location forecasted by
Le Verrier — the predicted true longitude was a6°82 whereas the observed one was at
326°57" (see C. J. Brookes 1970). Soon after theodery, but not before some wrangling,
the planet was named ‘Neptune’. Once again to nsakse of the prediction it is necessary
that theories and data enjoy a close relationsWjhout some guidance from suitable
auxiliaries Le Verrier, Adams and Galle would n@vé known what to look for in the
telescopic observations that led to Neptune’s disgo The requisite auxiliary connects the
theoretical prediction of a massive object wittpadfic orbit to the telescopic observation of
a bright dot that appears in a particular parthef $ky at a particular time at night. Without
this assumption, which also stands today, Galleathdrs would not have been able to detect
the planet via telescopic observations.

It ought to be painfully obvious that almost with@xception suitable auxiliaries connecting
theories, phenomena and data need to be at hatitk icases of novel prediction. Such
auxiliaries play the crucial role of informing setests about the observable manifestations of
physical phenomena. To put the point about nowadiptions in the realist’'s vocabulary: The
view that suitable auxiliaries are required in tt@se of novel predictions is the only (or at
least the best) view that does not make our knoydeaf what observations to make in order
to confirm or disconfirm a theory a miracle. Eveelwentrenched theories can be undone
when the right data comes along. Within a few yedr&oisson’s prediction and Arago’s
observation the wave theory became the dominaotyid light.

5. Conclusion

It has not been argued here that theories can alwake contact with the observational
ground. Instead, it has been argued that in thasescwhere the phenomena are inferred from
the theories and the data do indeed serve as e@denthe phenomena, the data also serve
as evidence for the theories. Four cases were sethlyn support of this claim. In each of
these cases suitable auxiliaries were availabkffert the derivation and prediction of data
from the theories. This lends more credence toviéw that observations and theories enjoy
much more direct contact than Bogen and Woodwagdvdling to admit.
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