CHAPTER 2: THE CHALLENGE OF UNDERDETERMINATION THES IS TO
SCIENTIFIC REALISM FROM THE PERSPECTIVE OF THEORY
CHOICE

2.1 Introduction

Scientific realism is a view that believes in thgiseence of a mind-independent
unobservable entity and process that told by sfietiteory. Unobservable entities and
processes are postulated to be either too tingmifdr to be seen with naked eyes, such
as DNAs, black holes, quarks, electrons, quantetddiand so on. These unobservable
entities and processes are needed to provide #dirstientific framework that can
consistently accounts for the reality. Accordirythe semantic thesis of scientific
realism, one can conclude that the unobservabigesnpopulate the world along with

the observables if the scientific theories are {R&llos 2003, 60).

Unobservable entities are regarded real becaugeatkeposited to exert influence on the
observable phenomena. Scientific realists askattscientific theory can be formulated
from the experimental results which derived frora tbserved phenomena. They hold
that rational theory choice is possible with thesumsption of a one-to-one

correspondence of theory and evidential evidendée correspondence between the
theory and the reality is commonly held among stsl{e.g., Boyd 1989; Chakravartty

2007; Ladyman and Ross 2007).

Antirealists who espouse underdetermination theseésent a challenge to scientific

realists’ account of rational theory choice. Unbkermination thesis maintains that
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crucial experiment is impossible because theorynderdetermined by the evidence.
Scientists are unable to rationally choose amowgl heories which entail identical
observational consequences. Antirealists claint thachoice of theory is always
influenced by other non-truth factors such as gititg| aesthetic standard, empirical

adequacy, popular community view, and personalrfasm.

Scientific realists must exhibit that, given two more sets of observed data, a crucial
experiment is possible to arbitrate the favorabéoty among the rivals. Failure to do so
will result in a dubious one-to-one correspondele®veen theory and reality, which is
the main maxim of scientific realists. Hence, stifec realists need to defend the
possibility of theory choice in order to convindywgshow the strict correspondence
between theory and reality. However, antirealisgtederdetermination thesis which
denies the possibility of crucial experiment hasspnted a serious challenge to scientific

realists’ account of theory choice.

In this chapter, | will first provide an overvievi the theories of truth (section 2.2). Then,
| proceed to discuss the scientific realists’ eiite of truth (section 2.3). This criterion

contributes to the realists’ understanding of tlgexbroice. | then proceed to elaborate the
versions of underdetermination thesis (section. 2Yhemian underdetermination thesis
will be discussed at length (section 2.5) becabiseis the agreed standard version which
receives defense and attack widely from antireaéisid realists. | discuss the most naive
realist’s attack on underdetermination thesis {se@.6) which is now deemed impotent

due to its misinterpretation of the observationesteent.
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In section 2.7, | illustrate how the different angents towards unobservable entities and
processes lead to the divergent stance of theavicetbetween scientific realists and

antirealists. The issue of empirical equivaleritlerce is discussed in section 2.8 where
the philosophical role of quantum physics in thelgem of theory choice is discussed at
length. In addition, underdetermination in biokaji science is also discussed in this
section to provide a perspective of non-physicarse to the issue. Lastly, a concluding

remark will be provided in section 2.9 for this phex.

2.2 The Theories of Truth

Truth is the central theme of philosophy ever sithe=eAncient Greek philosophy. It was
first discussed in epistemology, and recently ilgsophy of language and philosophy of
science in the twentieth-century. In philosophgaknce, truth is an implicit assumption
of scientific realists, pragmatists and relativifts each of their philosophical quest,
although they do not come to an agreement about tnith is. Regardless a wide range
of diverging accounts of truth, van Fraassen, anraalist, holds that it is common to

perceive truth as a virtue which cannot be logyca#iparated from the explanatory power
of a theory (Fraassen 2002, 56). There are thiegerndistinct theories of truth, which

are correspondence, coherence, and pragmatistytbétmuth. Glanzberg dubs them as

the “neo-classical theories of truth” (Glanzber@@p

The correspondence theory of truth assumes thesmondence between a belief and a

fact/reality. From the semantic point of view, tieief is a truth-bearer which expressed
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as observational sentence that describes the ekfaat. A belief is true if there exists a
fact as described. If there is no correspondirg, fhe belief is false. This version of
truth theory is popular among scientific realistSince correspondence theory of truth
presupposes the ontology of external fact, its pnepts are likely being what Putnam

calls “metaphysical realists” (Putnam 1990).

The main objection to the correspondence theoryha it is too obscure. The
correspondence relation is impossible to be cleddfined, consequently results in a

broad range of corresponding facts (David 2002).

To counterattack the objection, correspondencéniays interpreted by scientific realists
as an isomorphism between beliefs and facts (D20@@2). It provides a structural
identity between beliefs and facts at two levelhe first level of isomorphic relation is
the semantic identity. Beliefs are construed asepts or words about the facts (David
2002). The second level of isomorphic relatiothis ontological identity. It claims that
the semantic structure of observational sentereegentical to the ontological structure

of the external facts (David 2002).

It is hard to reduce the observational statememtshé external facts. Imagine an
observational statement “the snow is white” aneé@ernal fact “the white snow exists”.
According to the correspondence theory, the obsenal statement is true if and only if
the external fact obtains. That is to say, theeplaional statement about the color of the

snow is made on the basis of the fact that snowhise in color. However, even if the
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observational statement and external fact are cobipathe question of how and why

such a correspondence takes place is still remaihesive.

One of the popular accounts that has been muclustied is Wittgenstein’'s “picture
theory” of meaning (Horwich 2009, 597). It is actprial configuration between
elementary propositions and atomic facts. Pictineery asserts that
. an elementary proposition is a configuration poimitive constituents, an
atomic fact is a logical configuration of simple jetts, an atomic fact
corresponds to an elementary proposition (and makesue) when their
configurations are identical and when the primitbemstituents in the proposition
refer to the similarly placed objects in the faahd the truth value of each
complex proposition is entailed by the truth valoéthe elementary ones.
(Horwich 2009, 597)
This account of correspondence theory is not witlpyablem. The concept of atomic
facts is vague and impossible to be specificalliinge for all existing external facts.
Besides, the distinction between atomic facts aochpound facts in Wittgenstein’s
picture theory is yet another problem to tackleotably, the later Wittgenstein has

admitted the difficulty in defending his early oespondence theory by switching to a

pragmatist and antirealist stance.

The correspondence theory of truth is hard to dkfeecause it, though may not be
claimed explicitly by realists in their notion afuth, presupposes: (1) the existence of
mind-independent reality; (2) the reality in whibbiman resides is the only world; (3)

other possible worlds (e.g. that of Leibnizian &eevisian versions) do not exist because

(4) there is one-to-one correspondence betweerriéseand reality; (5) a true theory
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always corresponds to reality; (6) the reality estissof observable and unobservable
entities and processes. Although a realist magctegome of these presuppositions, an
anti-realist may legitimately hold that these asgtioms are innate to the realist notion of
the correspondence truth. To defend the correspmedtheory, scientific realists have to
explain not only how a true theory always corresjsoto reality without exception, but

also to explain how to justify this correspondemetation. This task is particularly

difficult in justifying the correspondence betwedreories and unobservable entities
without inviting skepticism. However, scientifiealists are unable to discard the
presupposition of unobservable (eg., Black holegahse it is always used to explain the

successful prediction of a theory (eg., detectibtinee-space bending around black hole).

Notwithstanding the objections, J.J. Smart hastlggiointed out that the rejection of the
correspondence theory does not mean that theneocacerrespondences between reality
and observational statement (Smart 1999, 109). Thain predicament of

correspondence theory lies in accounting the stpoint-to-point correspondence

between reality and proposition.

The coherence theory of truth is the rival of tl@respondence theory. It requires
semantic verifiability of a belief. The coherentkeory is different from the

correspondence theory in two respects. Firstrelaion between propositions and truth
conditions is coherence in the coherence theorylewluorrespondence in the
correspondence theory (Young 2001). Second, thereace theory holds that the truth

conditions of propositions consist in other profioss (Young 2001). For the
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proponents of the coherence theory, a belief i ifrall of its propositions are coherent.
A belief is false if there is any contradiction amgothe propositions. The coherence
theory does not require the corresponding extdaads in determining the truth. Neurath,
a typical advocate of the coherence theory, hdlds$ the truth of a statement is only

judged by “seeing whether it coheres with other ieicgd statements” (Misak 2005, 88).

There are two major versions of the coherence theorhe first version requires
consistency in the coherence relation among prtposi (Young 2001). The second
version requires logical entailment in the coheeemelation (Young 2001). Both
versions require a holistic verification among abwef interconnected propositions,
which is too strong a requirement for establishiagtrue belief because such
interconnected propositions may plausibly be ibdlyi many. Unlike the
correspondence theory which states that the trotiditons of propositions are the
objective reality, the coherence theory asserts tthe truth conditions of propositions
consist in other propositions (Young 2001). Themmpmoblem of coherentism is that one
is delimited within a system of propositions wheme ds verifying the truth of her
proposition. A coherentist has no way to claint tnparticular proposition is true (i.e. an
external fact) by making a recourse to the realifgranted that we have a perfectly
coherent propositions or coherent physical theptiesre is no guarantee that they are
perfectly matched with the reality. This holistiew of coherence theory invites troubles
as there could exist several conflicting but coherystems of belief (Horwich 2009,
598). Hence, coherence theory does not guarahtgeedrrespondence-truth. Some

critics of coherentism, Horwich for example, evegue that “truth predicate exists solely

50



for the sake of a certain logical need.” (Horwic@9Q, 2; cited in Field 1992, 321)
However, it is also argued that increasing cohexemica belief is linked to progress

towards truth because a true belief is always @tidKuukkanen 2007).

As a minimalist, Horwich argues against the tradidil theories of truth, including the
correspondence theory, coherence theory and some @b verificationism (Horwich
2004). According to Horwich’s minimalism, the egpsion “ ‘is true’ is not used to
attribute to certain entities (i.e. statementsieligl etc.) an ordinary sort of property—a
characteristic whose underlying nature will accolantits relations to other ingredients
of reality.” (Horwich 1990, 2; cited in Field 199321). Rather, the function of the truth
predicate is to make possible the generalizatioa pfoposition. The minimalist theory
of truth will take the proposition thap is true if and only i’ to be a sufficient account
of truth, without assuming that such propositiosasroborated by an underlying entities.
For Horwich, the coherence theory of truth is asbjfgmatic as the correspondence

theory of truth.

Coherence theory of truth presents problem in thetwoice between rival scientific
theories. Since the coherence theory does notagtes truth, it is impossible to make a
rational choice among several equally coherentritego There is no ground to claim that
one coherent theory is truer than its equally cefierivals. In addition, it is impossible
to precisely and objectively determine the degfemoberence by holding that one theory
is more coherent or less coherent than its rivalshus, it seems questionable for

coherence relation to serve as a criterion of theboice.
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However, the main strength of the coherence thewgr the correspondence theory is
that it provides “a more realistic and feasiblecast of the way in which beliefs are
justified.”(Alcoff 1999, 228). For coherence thgas more convincing in demonstrating
the rigorous semantic relation between beliefs.a lbelief is true, its justification is

apparently clear to grasp.

The pragmatist theory of truth does not assumeespanding external facts or coherent
relation among propositions, though it would ngece both of them. Pragmatists hold
that truth does not require an ontological staasi( the correspondence theory) or a
semantic relation (as in the coherence theory)deroto be validated. In fact, the only
virtue of a true theory is being pragmatic. A thedss deemed true, according to
pragmatist, if it serves a pragmatic purpose suchsgfulness (e.g., useful in industrial

application, prediction, proliferation of theoriesc).

Pragmatist theory of truth is originated from Ancan Pragmatism. Pragmatist theory
characterizes truth as the aim of inquiry. The afnnquiry constitutes a wide range of
objectives, such as simplicity, applicability ared®. Pierce, one of the most prominent
advocates of the pragmatist theory of truth, defitith as the aim of inquiry and

expectation that set up for inquirers to acquireséd 2005, 149). Truth is obtained as
long as the aim of inquiry has achieved. It is netessary to go beyond the aim of
inquiry (such as the corresponding external fastisphe quest for truth. Pragmatists

claim that
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Once we get what we aim at in inquiry, once wethetvery best inquiry could

produce, we have true beliefs. There is no furdtep to be taken. There is

nothing further to aim for in the search for truthhere is nothing to be gained by

wondering whether such a belief is really true.

(Misak 2005, 149)

The aim of inquiry is grounded in true belief. @ratists take the true belief as the
characteristic of truth which is a good basis foestific activity (Horwich 2009, 598).
However, this interpretation is circular as trudidfehas to recourse to truth to justify
itself, but truth is defined in terms of true bélidt is noteworthy that since pragmatist
theory is a form of perspectivism, it is conceiatilat truth according to the pragmatist
can possess pluralistic meanings. For examplejeatst may have a belief that a true
theory is always simplest in its mathematical foridowever, he still needs to account
for the truth of his belief (simplicity), otherwidas belief about truth is not justified
because true belief is the characteristic of truththis example, believing that this is a
true belief (simplicity) is likely to be a mere gbwill which is arbitrary. The position of
pragmatists is at a stone’s throw from relativisihis so because the pluralism and the
pragmatic utility embraced by a pragmatist are aspects that can be found in relativism.
The arbitrary elements that are usually implicithese aspects thus draw pragmatist and
relativist closer. Though some pragmatists mayhodd a relativist position about truth,

they need to explicitly make clear that their notabout the pragmatic goal of science is

pragmatic yet non-relativistic in nature.

The proponents of correspondence and coherenceytbbtyuth are representationalists.

Pragmatists, on the other hand, are antirepresamadists who reject the mirroring
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relationship between theory and reality. Repregemtalists construe knowledge as a
representation of the reality. This account assutine dualism of knowledge/reality, and
a bridging principle that seamlessly connect thesedistinct domains. Rorty, who dubs
himself as an antirepresentationalist, urges tdigtbohe dualism of knowledge/reality
and the traditional epistemology (Nielsen 2003,)287e defines antirepresentationalism
as “a matter of acquiring habits of action for egpwith reality.” (Nielsen 2003, 267).
Contra to representationalists, who are necessaelists according to Rorty,
antirepresentationalists do not think that thererie and only one way the world is in
itself. Rorty believes that scientific progressyoni the perspective of
antirepresentationalists and pragmatists, “is @enaff finding ever more effective ways
to enrich human life.” (Rorty 2007, 134) In Rosyaccount, knowledge does not
represent reality but converge on reality (Niel2803). He holds that we do not have
certainty about the reality (Nielsen 2003, 270)ortigs account does not abolish the

theory of truth but invites agnosticism about rgahto science.

2.3 An Overview of Scientific Realists’ Criterion d Truth

Scientific realists advocate correspondence thedryruth. They claim that a true
scientific theory must correspond to the scientdittities. They hold that truth is the
only epistemic criterion of theory choice. Thisitemion is asserted with three

assumptions:

i) Truth does exist and can be found.

i) There is only one truth for each physical phenomeno
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i) Truth is the last resort to warrant an objective eational scientific activity.

Assumption (i) drives scientific realists to bekethat the rational aim of science is
getting closer towards truth. Although they mayweéia disagreement of the current
status of science in the search for truth, theilebelthat truth is the goal of science and
there is an ultimate truth at the end of the joyrakscience. This epistemic optimism
derives from scientific realist's central doctritbat “science can and does attain
theoretical truth no less than it can and doesnattiaservational truth” (Psillos 1999, xx),
where the theoretical truth posits the existenceiraibservable entities and processes
(Psillos 1999) in explaining the observational pfraena. Since scientific realists hold
that scientific theory explains the reality, an@éytrassume the correspondence between
theory and phenomenon, the assumption (ii) is thesorollary. They believe that there

is only one reality and hence there should not laaneiltiplicity of true theory.

Assumption (iii) is best exhibited in Putnam’s ‘noracle argument’, which claims that
the explanatory and predictive power of sciencendbmake the success of science a
miracle. However, it has been widely challengedHrge rebuttals (Psillos 1999). First,
it is circular because it is itself an instancendérential rule it attempts to defend for the
reliability of the thesis of inference to the begplanation (IBE). Second, if ‘no miracle
argument’ is favorable, we have to admit that th&tony of science is a series of
abandoned IBE at that historical period of timeenkk, it is reasonable to claim that a
currently successful theory may turn to be a falseory in future. Third, the
underdetermination of theory by evidence denies tiwre is a possibility of rational

theory choice.
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The assumption (i) as illustrated above is a cosiser@among many scientific realists,
anti-realists and relativists, though pragmatists eonstructive empiricists may hold that
truth is not the primary criterion for theory cheicThe assumption (i) is irrelevant to my
thesis of theory choice and hence will not be dised. The assumption (ii) signifies
different meaning of truth to scientific realistsjti-realists and relativists, respectively.
It is an issue of the nature of truth. For differproponents, different views of the nature
of truth lead to the identification of either thexeists a single absolute truth or an array
of relative truths. The view on the nature of hrig significant in determining theory
choice. In next section, | am going to discusscelenges of underdetermination thesis
posed to scientific realism, which is a threat ofi-aealists to the assumption (iii) of

scientific realists.

2.4 Versions of the Underdetermination Thesis

There are three popular categorizations of the ndetermination thesis. They are

underdetermination in terms of methodology, of gcapd of degree.

Psillos holds that there are two types of underdetetion thesis in terms of
methodology. First, deductive underdeterminati@seds that the relation between
evidence and theory is not deductive (Psillos 2AQ5, In other words, the truth of a
theory is not deductively justified regardless wiia¢ evidence is (Psillos 2005, 1).
Psillos claims that evidence cannot adjudicate eetwrival theories because the

auxiliary assumptions, which are entailed by thesity evidence, may change over time.

56



Change of auxiliary assumptions will lead to thedemtial shift which may favor the

rival theory (Psillos 2005, 1-2).

On the other hand, Psillos identifies inductive entlgtermination as a second type of
underdetermination thesis which rests on the claiab no evidence can prove a theory
(Psillos 2005, 2). However, it is known that thedence can confirm a theory on the
scale of probability. The confirmatory role of éehce is empowered by assigning
different initial probability to the rival theorie@sillos 2005, 2). Psillos argues that
initial probability does not have epistemic forcecause its source is questionable
(Psillos 2005, 2-3). Thus, inductive underdeteation leads to the conclusion that any

evidence cannot confirm a theory probable (PsRI@35, 2-3).

Magnus interprets underdetermination thesis in $esfrscope. He argues that the scope
of underdetermination has to be identified, whistspecific to the investigated subject
matter (Magnus 2004, 4). He defines scope asrdhge of circumstances across which
responsible choice is impossible” (Magnus 2004, Agcording to Magnus, the scope of
underdetermination “includes not only our presemtutnstance but also most any
circumstances we can expect to find ourselvesMégnhus 2004, 4). The consequence
of this version of underdetermination thesis, adocwy to Magnus, is that it allows a
“widespread underdetermination” where “the choioeagall or most rival theories is
underdetermined in a similar way” (Magnus 2004, 5However, this version of
underdetermination thesis exposes the impossitafigxhaustively enumerating all rival

theories in the scope. Furthermore, it will inabily lead to epistemological skepticism
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because the scope of underdetermination expander wuid the course of scientific
development. Magnus can hardly avoid skepticisroabgse his notion of “scope of

underdetermination” aims to include as many po#tnitral theories as possible.

The third version of underdetermination thesis éirged in terms of scope, that is,
weak/local underdetermination and strong/globalendetermination (Ladyman 2012).
The weak underdetermination is concerned with pralcscientific problem, which may
implicate genuine problem of theory choice (LadymaAl2, 44); the strong
underdetermination, however, is always thought ¢oaftificial and mere imaginative
construction. One of the examples of the contrigtbng underdetermination is

Descartes’s evil demon hypothesis (Ladyman 201p, 44

The weak underdetermination considers the sigméeaf all gathered data in the course
of scientific development. It argues that all gahered data to date “are consistent with
more than one theory” (Laydman 2002, 165). Alladahould be treated equally
important and the judgment of theory choice shdaddsuspended until the emergence of
more precise data (Ladyman 2002, 165). Therehsee ttomponents in the argument of
weak underdetermination:

(1) Some theory, T, is supposed to be known, and alletndence is consistent
with T.

(2) There is another theory T# that is also consisteith all the available
evidence for T. (T and T# ameakly empirically equivalent in the sense that
they are both compatible with the evidence we lgatbered so far.)

(3) If all the available evidence for T is consisteritmsome other hypothesis T#,

then there is no reason to believe T to be truenand#.
(Ladyman 2002, 163-164)
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On the other hand, strong underdetermination isreeial form of skepticism that against
a necessary connection between causes and efteddynian 2002, 167). The idea
argues:

(1) We think we know the observable p.

(2) If we know p then we must know the alternative Hixesis g.

(3) We can't know q is false.

(4) Therefore we don’t know p after all.

(Ladyman 2002, 168)

The strong underdetermination argues that it isossjble to know that the alternative
hypothesis q is false because all predicted obdephenomenon is consistent with g

(Ladyman 2002, 168). Therefore, there is no wayute out alternative hypotheses in

evaluating rival theories. Hence, theory choicienigossible.

2.5 Duhemian Underdetermination Thesis

Underdetermination thesis is a claim that scientifineory is underdetermined by
evidence, where scientists cannot make a ratiohaice between two empirically
equivalent rival theories. Underdetermination ihdwlds that theory is woven with
observational evidence. It goes far beyond thémagnness of observation by holding
that a crucial experiment is impossible becauseettperiment cannot decide between
rival theories. For “the realization and interpt&in of no matter what experiment in

physics imply adherence to a whole set of theakgiopositions” (Duhem 1976, 21)
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Since evidence entails auxiliaries and hypothedesheory, falsification of theory
becomes impossible. Such entailment does not Irevi@ah hypothesis in the holistic
part of a theory is problematic. The equal epistestatus of each hypothesis of a theory

incurs impossibility in deciding which theory outsithe rest.

Underdetermination thesis has its deeper roottimgea barrier between observation and
theory. Although evidence entails hypothesisdibé’s not uniquely entail a hypothesis
which accounts for it.” (Psillos 1999, 163) Far,ensure the one-to-one correspondence
of theory to reality would unavoidably permittingabservable entity, which is forbidden
by Duhem. Unobservable entity is deemed necessasgientific realists to account for
the experimental results which cannot be explain®d observed entity alone.
Furthermore, it is irrational to think, as also chddy Psillos (1999), that all evidence
shoulduniquely entail only a single hypothesis, for it does navéra scientific ground.
Hence, the adoption of observable entity withoutrpting the role of unobservable in
choosing among rival theories, in the opinion odlists, is far more doctrinal than

rational.

To save scientific realism from the threat undezdatination thesis poses to theory
choice, Psillos objects the fact that the entailhoérsame body of observational data by
rival theories implies the dilemma of theory chofBesillos 1999). He raises two points.
First, Psillos asserts that theory choice is poss#ts it “depends on the account of

confirmation which one adopts”.
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. on standard Bayesian accounts of confirmatibe, mere fact that inductive
inferences from a finite segment of data do notiemaw-like generalisations
does not show that a particular segment of data doeinductively support one
law-like generalization more than another. (Psill899, 163)

However, Psillos has overlooked the fact that Dulters not think that induction and
generalization are significant in the formationrgw theory. Duhem points out that

Newton’s principle of universal gravitation is rimere generalization of Kepler's laws

(Duhem 1976, 14). He claims,

The principle of universal gravity, very far frdmeing derivable by generalization
and induction from the observational laws of Kepfermally contradicts these
laws (Duhem 1976, 14)
Duhem goes further to explain how Newton’'s theosy deemed valid though it
contradicts Kepler’'s law:

. it [the principle of universal gravity] will alstnvolve all the principles of
dynamics; besides, it will call in the aid of alet propositions of optics, the
statics of gases, and the theory of heat.... It ilbbnger a matter of taking, one by
one, law justified by observation, and raising eatithem by induction and
generalization to the rank of a principle; it imatter of comparing the corollaries
of a whole group of hypotheses to a whole groufacts. (Duhem 1976, 15)

Underdetermination thesis is of empiricism as gslaot deem unobservable entity valid
in science. Laws and theories are justified onlyobserving the observable evidence
(Duhem 1976, 15). It denies the role played bnafice to the best explanation in

theory choice. Neither does it accept inductiod generalization as contributing factors

in theory choice.
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The second reason Psillos denies the dilemma aryhehoice is exhibited by his
assertion that it is rational to believe that “fet@vidence can favour only one of the two
theories” (Psillos 1999, 163). However, his deéeissweak because the contrary may be
possible, viz., future evidence may not favor ooty theory. Obviously, Psillos’s claim
is based on the view that there is a continuougrpes of science towards the truth.
Indeed, his good faith that future evidence wildaonly one theory among rivals is

amount to Putnam’s God’s Eye point of view, whislaimetaphysical doctrine.

Hence, it is clear that the main threat underdatetion thesis poses to scientific realism
is not merely that theory choice is impossiblehe tontext of scientific development.
For, a realist may argue that the impossibilityaifonal theory choice is a temporal issue,
which can be explained by the impoverishment of &mrknowledge in the current state
of scientific development. As time elapses, réslisiay argue, science progresses
continuously and the cumulative knowledge can eatat between the past undecided
rival theories. The real issue posed by underdetation thesis to scientific realist is
the impossibility of singling out one theory amoriggls that truly describes the reality
epistemically. Furthermore, underdeterminatiorsiheloes not favor the idea that only
one theory should prevail. Hence, it is a stotigfew distance from underdetermination
thesis to epistemological pluralism. In short, emfdtermination thesis has undermined

the correspondence theory of truth held by scientfalists.
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2.6 Misconception of Observation Statement: A Failee of Realist’s Counterattack

The core spirit of underdetermination thesis is ithpossibility of crucial experiment.
One of the promising ways for scientific realistsdefend the plausibility of rational
theory choice is to demonstrate that the obsereatradiction in data suffices to falsify

one of the two rival theories, thus make possiiémty choice.

Gillies adopts this strategy for counterattackimgumderdetermination thesis. In his first
step, Gillies attributes the observation statenasnd statement that can be “agreed to be
either true or false on the basis of observatiah experiment.” (Gillies 1998, 303). He
then states that Duhemian underdetermination thesidaims the infalsifiability of an
isolated hypothesis by an observation statementastly, Gillies holds that the
impossibility of falsification is not true from thgerspective of hypotheses as a whole.
He supports his claim with the falsifiability of ker’s first law by observation:
Consider, for example, Kepler’s first law that @& move in ellipses with the
Sun at one focus. Suppose that we observe anargber of positions of a given
planet and that these do not lie on an ellipsénefrequisite kind. We have then
surely falsified Kepler’s first law. (Gillies 199803)
However, the counterattack of Gillies is based dalse base. First of all, his notion of
observation statement is not laden with theory.s Bkample of the falsification of
Kepler's first law by observation does not take ttheeory, which underlies the
observation, into consideration. In other wordg|li€s’s account of observation
statement is a direct report of mere observatiamouit background knowledge. This

crude empiricist stance has been shown to be upieebg many philosophers of science.
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Theory-ladenness of observation will not favor thksification of an isolated hypothesis
by an observation statement, as what has claimésilbgs. An observation statement is
always laden with more than one hypothesis, whichvoven in a larger background

theory. Hence, the counterattack of Gillies isuaegssful.

Besides, Gillies’s strategy lies in a distinctiveth value of observation statement based
on observation (in Gillies’s sense, that is, pussasvation without laden with theory). It
is misplaced as the truth value of observationestaht is not determined by mere

observation but by theory-laden observation.

Another problem of Gillies’s strategy is that hages too much weight on the power of
falsification of a single observation statementeas of a range of observation statements.
The contradictory reports of a single observatidgatesnent might be possibly a
coincidence or false statement, for it is detacfieth the whole body of observation
statements when we consider it alone as a soléradsi between rival theories. If
Gillies’s strategy is favorable, a choice for geude principle subsequent to a single
observation statement “sun rises in the east atsdirsehe west” will seem, though it is

false, to be rational.

Realists who endorse the possibility of crucial expent are hardly subscribing to

Duhemian holism of physics. In Duhem’s accounkp&imental verifications are not

the base of theory but its crown.”(Duhem 1976, 29)uhem rejects the idea that
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inductive method is the wheel of physics. It icduese the facts gathered via ordinary
observations and experiments are sufficient foppsting new hypotheses but insufficient
to verify them (Duhem 1976). Before a physicigblains his observation in observation
statement, he needs a theoretical framework fdr sxplanation.
... itis only after he has constituted an extenbiody of doctrine and constructed
a complete theory that he will be able to compheedonsequences of this theory
with experiment. (Duhem 1976, 25)
Thus, a holistic set of intertwining hypothesespi®sumed in Duhemian account.
Realists’ attempt to isolate an observation statepe favor of crucial experiment, from
the whole set of theoretical structure will intreduabsurdity. For, Duhem asserts that
there are hypotheses whose statement has no egp¢gsinmeaning (Duhem 1976, 33).
It is because they are universally accepted rhlasground the experiments.
Not only can these principles not be refuted bgesinent because they are the
universally accepted rules serving to discover um theories the weak spots
indicated by these refutations, but also, they oare refuted by experiment
becausedhe operation which would claim to compare them with the facts would
have no meaning. (Duhem 1976, 34)
Duhem further illustrates this point by describiang experiment involving the principle
of inertia. He claims that “we can observe onhatige motions” (Duhem 1976, 34). We
are unable to give an experimental meaning to tireiple of inertia because it is the
principle that the interpretation of our observatad motion is relying on (Duhem 1976).
Thus, we cannot verify the principle of inertia éyperiment because it would require an

isolated system, which is impossible to exist:
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Can we make this verification? For that it wouerecessary for isolated systems
to exist. Now, these systems do not exist; thg mdlated system is the whole
universe. (Duhem 1976, 35)
Void of empirical meaning of theoretical princigkintroduces the predicament of theory
choice. It is hard to be dissolved by realistssipon which states that isolated systems
do exist and it is implausible to deprive them ofip&rical meaning. According to
antirealist, experiment is incapable to decide Wisgmbolic part of a theory is erroneous
when the disagreement arises between observatidnhgpothesis (Duhem 1976).

Duhem advises us no matter “whatever facts we nhagroe, we shall hence always be

free to assume our principle is true.” (Duhem 13H.

2.7Unobservable Entities

The ontological and epistemic stance toward thebsexwable entities marks the
divergence between empiricists and scientific s¢sli The repudiation and defense of
unobservable entities are argued from many angleshbé philosophers of science.
Realists claim that unobservable entities that s the reality are mind-independent.
They prove such existence using the “no miraclguarent, that is, success in science is
not a coincidence, and using the inference to #st éxplanation (IBE). However, “no
miracle” argument and IBE are not persuasive ag #ne making inference about why
one should believe in the existence of unobservabtéies. It is an inference to the
rational belief of the existence of unobservabkead of the proof of the real existence
of unobservable. Any inference will introduce ctarfactuals, which will easily expose

realist's argument at stake.
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The reason unobservable entities are posited blysteas to explain the observed
behavior of observable entities. Due to the indetemess of scientific knowledge at
each epoch of science, realists need to assumexibence of unobservable entities,
which are too tiny to be observed by scientifictimsients or due to the immaturity of
current techniques, underlying the observed phename Such assumption helps
scientists to explain the unknown entity that cause observed phenomenon. Without
the assumption of unobservable, scientists are lentb persuasively explain the
observed phenomenon. In the eye of realists, avamg the unobservable is almost

amount to abandoning truth as the primary virtusadéntific enterprise.

2.7.1 An Argument for Scientific Realism from the Perspetive of Instrumental
Reliability
Boyd argues that unobservable entities explain itistrumental reliability of the
methodology (Boyd 1985). He argues that both sesalnd almost all empiricists agree
on the reliability of methodological practice ofestce. Such consensus presupposes that
the theory-dependence of experiment and methodologst ensure the reliability of
experiment. Boyd contends that empiricists faiexplain the instrumental reliability of
the scientific methodology because they embracendgitien of instrumental knowledge.
Besides, scientific realists and empiricists disagon whether scientific methods “are
adequate to establish knowledge of unobservablagrhena.” (Boyd 1980, 616) Boyd

contends that the knowledge of unobservable issg&ias it is warranted by the reliable
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methodology which is determined by the backgrourebties which are approximately
true.
The realistic account of scientific epistemologyxplains the causal reliability of
scientific method with respect to instrumental kfexyge not by appealing to a
priori principles but by assuming that the relevaatkground theories which
determine the method’s operation are approximatelg and comprehensive
descriptions of the unobservable causal factorschvhinderlie the relevant
observable properties of observable phenomena.rédbe¢he empiricist tradition
proposes to reduce talk of underlying causal powersechanisms to talk about
regularities in nature, on the grounds that knogdedf underlying powers is
impossible, the realistic account maintains that lmowledge of regularities in
nature is parasitic upon our knowledge of undegyimechanisms.
(Boyd 1980, 626-627)
Boyd is somehow misplacing on the issue of instmtalereliability in defense of
unobservable entity. He has presupposed that Hmmate virtue of instrumental
reliability is the truth of the theory-dependeneattire of scientific methodology. Hence,
he argues that unobservable entities can warrantrtith. He accuses empiricists for

subscribing to a truth-less based theory-depenelgmegrimental methodology. He holds

that empiricists’ stance fail to warrant the instental reliability.

In short, Boyd’s arguments emphasize that it isy amltruth-based theory-dependent
experimental methodology that will warrant the abllity of methodology in discovering
truth. However, empiricists may not admit that tleéability of methodology has an
important role to play in science, since they do Imald that the aim of science is to
discover the correspondence truth. The proponehtsnderdetermination thesis may
dismiss Boyd’s attack by arguing that the reliapilbof methodology is impossible to

attain, because the choice of methodologies artdumsnts is literally a choice of the
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governing background theory. Since the theoryndeudetermined by evidence, it is
hence reasonable to claim that the rational chofcenethodology and instrument is
impossible. Thus, Boyd's use of unobservable iestito argue for the instrumental
reliability does not present a serious challengeggerms of truth, for empiricists. They
may view the instrumental reliability from the peestive of pragmatism rather than of
truth.  Furthermore, Boyd's claim of the existerafeunobservable entities does not
make the choice between the rival background teearhich govern two instruments or

methods intuitively plausible.

Suppose that Boyd might hold that if the choicenméthodology and instrument is
impossible, there will be no scientific observatioBmpiricists may again defense their
position by contending that scientific observatisrstill possible without the possibility
of a definite “absolute” choice of methodology andtrument. The difference between
Boyd and empiricists is that the former believeam“ultimate” choice while the latter

insist on an “empirically-right” choice of methodaly.

Boyd raises a strong form of attack on empiriciseotion of unobservable entities by
holding that empiricist account of instrumental wiedge leads to the unreliable
scientific activity. It is because the repudiatioh scientific realist interpretation of
theory-dependent factor of methodology results ha impossibility of employing a
reliable instrument (Boyd 1985, 14). He means thi#hout recognizing the fact that a
methodology is grounded in a truth-based goverrimgpry, empiricist account of

instrumental nature of theory-dependent factor ethmdology cannot ensure a reliable
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scientific activity to access to truth. He impli@splicitly, that empiricists are unable to

employ their instruments and methodologies meaunlhgét all.

Again, Boyd's attack is assuming that an instrumemnist base in a truth-based
background theory to warrant its reliability of usEmpiricists may rebut in four ways.
Firstly, Boyd does not show how a truth-based bemkgd theory of an instrument
always warrants the discovery of truth. Secon8lgyd assumes that reliability of an
instrument leads to the reliability of discoveritige truth. It is not necessarily the case
because theory may be underdetermined by obsedvedomena. Thirdly, if Boyd's
assumption in the aforementioned second pointas@able, he still needs to show that
there is a connection between the reliability efthirdiscovery and the reliability of a
mind-independent truth. To do so, Boyd has to uesm to the unobservable to account
for such connection, which is looping back to thstfrebuttal of empiricists. Fourthly,
empiricists may argue that the reliability of arstmment is usage context-dependent.
For example, a truth-based theory-laden of telescepeliable in observing a distant star
but not reliable in observing a tiny microorganismHence, the reliability of an
instrument, unlike what was held by Boyd, is notrnaated by its truth-based

background theory but by its context of use.

Another approach which can be used by realistsefendl scientific realism from the
perspective of instrumental reliability is to fodoLaymon’s concept of idealized initial
experimental condition (Laymon 1984). Although hayn does not apply the concept of

idealization to argue for instrumental reliabilitye holds that the “idealized theories of
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the measuring instruments are used to justify thpleyed measure of goodness of fit.”
(Laymon 1984, 115). He argues that idealizatios wdopted widely in the history of
science and it would be impossible without the pngstion of unobservable (Laymon
1984, 114). Realists may extend Laymon’s claimuonbbservable-posited idealized
initial condition from securing the fitness of exipeent to the warranty of instrument
reliability. To do so, it is necessary to holdtthadit experiment is a reliable experiment.
According to Laymon, unobservable entities expléie fitness of an experiment.
Realists may go beyond to claim that unobservahiigies also explain the reliability of

an experiment by explaining its fitness.

Empiricists may refute this realist strategy by mtaining that the fitness of experiment
embraced by Laymon is justified on the consistebeyween theory and evidence.
Unobservable cannot justify the fitness of an expent, as fithess is an evidential

criterion which cannot be verified by unobservaditities.

2.7.2 Rebuttal of Realists Towards the Threats of the Thary-dependence of
Experiment

Although scientific realists agree that experimeirtatruments and methodologies are

theory-laden in their manipulation (i.e. the opematof instruments and the protocol of

experiments are based on scientific principlese ®peration of electron microscope is

an example of this kind), they have realized that &cceptance of theory-dependence of

experimentation is potentially leading to relativappraisals of scientific theory. It is so

because there is no neutral data that arbitrategeba rival theories. Data are theory-
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laden and they are as fallible as theories, asdheyaden with theory. Theory choice is
impossible as both theory and evidence are undardeted (Chalmers 2003, 493).
The theory-dependence thesis can be seen as gpdmnway to extreme
skeptical or relativist appraisals of science. Teeults of observation and
experiment become as fallible as the theories freguppose. Not only are
theories underdetermined by evidence, but the agaléself is underdetermined.
Thus, added to the problem of locating the sourfca taulty prediction in the
maze of assumptions that yielded it is the possihihat it is the observations
involved in the counter instance that are at fg@halmers 2003, 493)
To dismiss the dilemma of theory choice causedbytheory-dependence of experiment,
realists may either adopt the account of the newxaeriment or demonstrate that
theory-dependent experimentation does not leathdaunderdetermination of evidence.
The latter alternative seems more promising bec#usgormer alternative requires a
realist to show that experimental instruments ateto any extent, the products of theory.
Although scientists may grant that the manufactanel operation of experimental
instruments does not require knowledge of highiléweory, it is implausible to conceive
of an instrument to be completely independent @rgific theory. That is to say, the

advent of a scientific instrument (e.g. telescapeglways dependent on the advance in

science (e.g. progress in optics).

Chalmers subscribes to the latter alternative bglihg that although the operation of an
experimental instrument is theory-dependent, theeemental results it produces “can be
established in a way that does not involve higlelleheory.” (Chalmers 2003, 508).

However, Chalmers does admit that there are cakesevexperimental results are highly

theory-dependent, which he uses “argument fromctdémce” to interpret the results.
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Chalmers’s first step is to exhibit that theory-eiegence and fallibility of experiment
and instrument do not lead to the indecisivenesshofce between rival theories. He
claims that “the use of instruments in physics bartheory-dependent in a deep sense,
but this does not prevent the data collected vhtrtaid supporting theory, even the

theory involved in their use.” (Chalmers 2003, 494)

Chalmers narrates the finding of Kosso pertainingthie theory-independence of
experimental results obtained through the use edriidependent instruments. Kosso’s
premise of his conclusion is that observation médeugh an instrument is theory-
dependent (Chalmers 2003, 495). However, Kossanslethat theory-dependent
observation does not entail a theory-dependentreédeesult, for “the theory about the
object under investigation is distinct from and slogot include the theory of the
microscope and its interaction with the specimé@lialmers 2003, 495) The important
argument of Kosso, which is held by Chalmers tsothiat he differentiates between
theory-ladenness of observation, of instrument,@rekperimental result. The only way
Kosso accounts for the claim that theory-indepenhd®tperimental results can be
obtained from the theory-dependent observatioryifdiding that the instrument in use
does not have a common governing theory with th#te observation and experimental
results.

So, according to Kosso, (i) use of the electroarasicope necessarily involves an

appeal to the theory of the microscope and itgasteon with the specimen, and

(i) that theory should be independent of the tlieonder test, a violation of
which amounts to nepotism. (Chalmers 2003, 496)
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The differentiation between three kinds of the@gidnness, which are theory-ladenness
of observation, of instrument, and of experimenésult does not save realists from the
underdetermination of evidence as stated aboveat\@halmers tries to demonstrate is
that the governing theory of instrument is not theme theory that governs the
observation and observed results. Nonetheless, iéVes argument is cogent to show
such differences of governing theories, his argurdees not warrant absolutely neutral
data which is necessary to arbitrate between thedries. It is because Chalmers does
not show the possibility of obtaining a neutral esimental result which is required to
decide between two rival theories. On the contraiy admission of theory-ladenness of
experimental result opens the way to the undendt@tion of observed result by the
evidence that backs the theory which laden by dhiserved result. Notwithstanding
Chalmers’s argument fails to warrant absolutelytrawdata, it is still plausible that the
obtained experimental data rests upon a theory ithaiot one of the rival theories.
However, this data could not be useful to adjudidstween rival theories as the theory

upon which it rests is not relevant to the conteéxhe process of theory choice.

Chalmers has gone astray by falsely contending tatindependence of theory of
observed result from the theory of instrument $leésobserved result free from being
underdetermined by the evidence that backs therytheb instrument. Chalmers’s
arguments fail to show (i) the reliability of ingtnent in obtaining the observed result, as
he claims that instrument is theory-laden whicluim leaves the underdetermination of
theory by evidence unsolved; (i) the underdetaation of observed result bgny

evidence can be avoided. For (ii), one still aanhfer hold that the observed result, if not
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underdetermined by the evidence underlying the rthesd instrument, is possibly

underdetermined by the evidence underlying therthéat loaded by observed result.

Chalmers’s distinction between the governing thargbservation, of instrument and of
observed result incurs in the impossibility to mpret the observed result in the light of
the theory of observation and of instrument. Clesbrhas adopted the “arguments from
coincidence” to “vindicate both the data and theotly used to interpret that data”
(Chalmers 2003, 506). The reason for such vingicas that the use of instrument
which is theory-dependent “seems to threaten thenéxo which the output of those
instruments can act as an independent arbiter exdryty (Chalmers 2003, 493). He
recognizes that “the only plausible explanatiorithgf match between theory and data is
the validity of both” (Chalmers 2003, 506). Howevée attributes such match to
coincidence, in the sense that “the theory and deganot conclusively established in a
logical sense.” (Chalmers 2003, 506) Accordingt@almers, the match between theory
and data does not confirm the theory. Rather, suatich may be influenced by a variety
of factors, all of which are coincidental to yiglte predicted result. For Chalmers, there
is no empirical way to demonstrate the validitytteg match between theory and data, but
to accept such validity as empirically coinciderdt ygenuinely and necessarily so.
Though Chalmers claims that the coincident matdivéen theory and data is a “logical
possibility”, he has recognized that only the “able arguments from coincidence can
provide convincing arguments for the truth of therpretation of data.” (Chalmers 2003,

507). In other words, though Chalmers grants that data produced by theory-
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dependent instruments can validly be used (in jpiec to arbitrate between rival

theories, he does not hold tlzaly data can serve aslecisive arbiter of theories.

Chalmers’s “argument from coincidence” is basedrnupee fact that there are always
alternatives of theory choice. He claims that thieoice is possible but it does not lead
to the disclosure of total truth but a portion afth. Notably, Chalmers is by no means
an epistemological relativist. The “argument froaincidence” presupposes the validity
between the data and the matching theory but swatbhms a coincidence in the context
of truth. Chalmers provides a detailed illustratiwith the example in the history of

science:

One of the three series of tests carried out byEtidington eclipse expedition to
investigate deflection of starlight by the sun gaveesult that matched very
closely the prediction of Newtonian gravitationlaéory. Did this match confirm
Newton’s theory? No it did not. There was indepandevidence that this
particular series of measurements could not beetusecause the telescope had
become distorted by the heat of the Sun. The miaétiveen theory and data
turned out to be a mere coincidence. (Chalmers 2803

Chalmers further narrates:

Similarly, the Hirsch theory of image formation sveonfirmed insofar as it got it
right about a range of otherwise unexpected detdile images. But the fact that
these theories got it right about the experimepit@ihomena in question does not
mean that they get it right about everything... Pésrbrilliant experiments on
Brownian motion left no room for doubt that the ddilc theory correctly predicts
the basic features of that motion...Did this esthblise kinetic theory in its
generality? Well, no it did not, because that tiiesifalse and gets it wrong about
the specific heats of gases. (Chalmers 2003, 507)

Chalmers claims that “the arguments from coinciéedo constitute support for those

theories, but support that falls short of proofh@@mers 2003, 507). What Chalmers
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means is that the match between theories and malaes the correctness of a high-level

theory but does not prove its correctness in glees In other words, Chalmers holds

that a single experiment is far from establishirtgtal truth.
Arguments from coincidence of the kind in questitmnot establish the truth of
the theories involved but they do put importantstaaints on future modification
or replacement of those theories. The modifiedeptacement theories need to
explain the success of the replaced theories imtgements from coincidence in
which they figured, otherwise we are left with #@ncidences. Modern theory
of the electron microscope has developed well béydinsch’s early efforts but is
able to grasp the sense in which the latter’'s the@s “basically correct” just as
he claimed. (Chalmers 2003, 507)

Chalmers’s “argument from coincidence” is estal@sho explain how does the theory-

dependent experimental result possible to decitiedsn rival theories and “survive the

subsequent theory change” (Chalmers 2003, 507% arjuments imply that there is a

possibility of multiple rival theories which exphathe phenomena equally well. The sole

reason a scientist chooses a theory over anothieatis# supports the high-level theory.

Chalmers’s account of rival theories is not a detamtradicting and incommensurable
theories but replaceable in the course of the deweént of science. Chalmers’s
declaration of the independence between theorybstmvation, of instrument and of
experimental result does not save the experimamsllt from being equally well
explained by rival theories. Hence, Chalmers cardlly escape from the attack of
underdetermination thesis because the substitityaluf rival theories implies that
theories are underdetermined by evidence. “Arguniesm coincidence” does not

rationalize the choice of one theory over its sval
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2.7.3 Can Hacking’'s Manipulated Unobservable Overcome Unérdetermination
Thesis?

Scientific realists diverge on the “argument frooincidence” in accounting the match

between theory and data. Those subscribe to ¢imseption are the proponents of truth-

based governing theory of instruments such as BoytiChalmers, as discussed above.

They claim that the reliability of an experimeniagtrument must be warranted by truth

of its governing theory.

However, there is another group of scientific iali one of the representatives is
Hacking, who has rejected the “argument from cadleace” as the sole explanation to
account for the possibility of theory choice. They not conceive the reliability of
experimental instruments in terms of truth-basegegung theory. On the contrary, they
claim that the reliability of an instrument is wamted by its manipulation.
Thus | do not advance the argument from coincidem& the sole basis of our
conviction that we see true through the microscopk.is one element, a
compelling visual element, that combines with manéellectual modes of
understanding, and with other kinds of experimewtak. (Hacking 1985, 148)
Hacking maintains that “argument from coincidenakine is insufficient to verify a true
match between data and theory. For him, the usgstiment does not lead an observer
straight to truth. He holds that additional cortie@ps are required to explain the
experimental results.

... Only a greater understanding of what a genears laring the conviction of
what the micrograph shows. We become convinceithefreality of bands and
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interbands on chromosomes not just because we he&ge, tbut because we
formulate conceptions of what they do, what theyfar. (Hacking 1985, 148)
In Hacking’s account, though he does not claim iekpl, the use of instrument alone is
incapable of arbitrating between rival theorieseiplain the experimental results. He
requires additional theories or conceptions on @bghe use of instrument in theory
choice. In the example given by him, he implieat thdditional background theory is
required in explaining the experimental results.hisTadditional background theory
includes high-level theory and the relevant scfengirinciples and laws.
Biological microscopy without practical biochemystis as blind as Kant's
intuitions in the absence of concepts. (Hackings1948)
The requirement of additional background theoryd$e&lacking unavoidably into the
dilemma of Duhemian underdetermination thesish®needs to answer how to arbitrate
between rival theories when crucial experimentmgassible in the holistic context of

theory.

To do so, Hacking has recourse to unobservableie=nti Unobservable entities “are
regularly manipulated to produce new phenomenatanidvestigate other aspects of
nature.” (Hacking 1984, 154) Hacking goes furtttecontend that unobservable entities
are real in the sense that they can be manipulatecbduce new phenomena.

Only at the level of experimental practice is stifec realism unavoidable—but

this realism is not about theories and truth. €kperimentalist need only be a
realist about the entities used as tools. (HackBfy, 154)
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Electrons are no longer ways of organizing ouugis or saving the phenomena

that have been observed. They are now ways ofimgephenomena in some

other domain of nature. Electrons are tools. (ltagxk984, 156)
Hence, it is clear that the reason Hacking consewmeobservable entities as real is
because they are tools. He interprets realismimtirms of epistemology and ontology
but in terms of experimentation. His position isolwn as entity realism which takes
“middle ground between scientific realism and emofst antirealism” (Clarke 2001, 701).
It is a position that maintains realism about chwsglanation (Clarke 2001, 702).
According to Hacking, unobservable entities ard ned because they are governed by
underlying truth or real-in-itself, but becausetlz@e able to be manipulated to produce
new observable phenomena.

The vast majority of experimental physicists are realists about entities but not

about theories. Some are, no doubt, realists about theoriestiabthat is less

central to their concerns. (Hacking 1984, 155)
Hacking differentiates between two important expemntal contrasts, which are realism
about entities and realism about theories (HacKifi§4, 156). He confers temporal
attributes to them. In his opinion, realism abemtities aims at the experimental entity
presently when the experiment is taking place. &l@w, realism about theories aims at
the truth, which is “something about the indefiniteéure.” (Hacking 1984, 156) The
former is neutral between values while the lateguires adoption of certain values

(Hacking 1984, 156).

Hacking adopts realism about entities. He holdd thscientist does not need to take

stance on the controversy between two rival thedrieorder to carry out an experiment.
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Experiment is value-independent rather than vakmeddent. As such, it seems that
theory change would have little or no impact on éxperimental practice, if one is to
follow Hacking's arguments. It appears to Hackitngit it is the experiment that
determines and drives the theory change, and eobttier way round. The issue of the
continuity of experimental practice across theohargges has never been raised by
Hacking as an issue that is worth paying atterttoon
Various properties are confidently ascribed tatetass, but most of the confident
properties are expressed in numerous differentigeor models about which an
experimenter can be rather agnostic. Even peapla team, who work on
different parts of the same large experiment, malg [ifferent and mutually
incompatible accounts of electrons. (Hacking 19%86)
Hacking claims that the chief role of value-indegemt experiment “is the creation of
phenomena.” (Hacking 1984, 155) Unobservableiestisuch as electrons, are deemed
real because they can be manipulated to createvelds@henomena. In Hacking's

account, real observed phenomena cannot be createdf void. Thus, unobservable

entities must be real ontologically and experimiynta

One may question Hacking by asking “how do we knbig always the case that the
observed phenomena must be produced by some uwabkeentities, whose existence
cannot be directly empirically verified? Isn’t @d doctrinal by holding that unobserved

entity is the cause of observed phenomena?”

This question is posed at an ontological level ambring the fact that Hacking has

differentiated two kinds of real unobservable éggitwhich are experimental real entities
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and ontological real entities. Experimentation odate one to believing that an
unobservable entity is real in the sense thatrasipulate-able but suspending the issue
of existence. Manipulability of experimental readtities commits us to their existence
when they are manipulated to experiment on somgikiise.

Experimenting on an entity does not commit yobedeving that it exists. Only

manipulating an entity, in order to experiment @msthing else, need do that.

(Hacking 1984, 156)
An experimental entity may be hypothetical thougts ireal in terms of manipulability.
But once it is used to manipulate other thingsiilitbe conceived as ontologically real.

At that time this postulated “neutrino” was thogbly hypothetical, but now it is

routinely used to examine other things. (Hackin§4,94.68)
The link from experimental real entities to ontotad real entities is a causal property
that explains the manipulation of unobserved e#itbn other entities. (Hacking 1984,
170) Thus, the aforementioned question is notah tl@eat to Hacking’s account of
unobservable entities because it assumes the cals@bnship to be held firmly in the
production of observed phenomena, which is agrgedarking too. The main point in
Hacking’s claim is not about the fact of ontologieaistence of the cause of observed
phenomena, which is unobservable entities, bufabieof experimental existence of the
causal relation of the manipulation that takes @lecan experiment. In other words,
when Hacking maintains that an unobservable eigityeal, he implies that it exerts
causal relation, which is its manipulability, oret entities to yield observed phenomena.

Unobservable entities are real ontologically beeatley are warranted by the causal
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relation that they exert. Without viewing unobsdie entities in the context of causal

relation, it is meaningless of saying an unobsdevahtity exists ontologically.
The best kinds of evidence for the reality of atptated or inferred entity is that
we can begin to measure it or otherwise undersitanchusal powers. The best
evidence, in turn, that we have this kind of untierding is that we can set out,
from scratch, to build machines that will work fgireliably, taking advantage of
this or that causal nexus. Hence, engineeringthreairizing, is the best proof of
scientific realism about entities. (Hacking 19840)

Hence, causal relation, which is the experimentahipulation of unobservable entities

on other entities in yielding new observed phenam@tays a significant role in theory

choice in Hacking's realist account. Hacking's ueindependent characteristic of

experiment requires additional background theorylécide between rival theories, as

elaborated above. To make theory choice possiblacking’s conception of

experimental manipulability is the key.

Hacking is subscribing to the general manipulaptliteory:
Causes can be understood as “handles” for bringogit effects in the sense that
causes can be manipulated to bring about diffeyettomes. (Waters 2008, 5)
To manipulate the unobserved entities such asrefegtscientists need to have their aim
and background theory that drive such manipulatidkxs we have seen that Hacking
holds that experiment is value-independent, whichat theory-driven, theory is serving
as a secondary aiding tool, which is not a pringuide, that helps an experimenter to

carry out an experiment.
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In fact, Hacking’'s conception of experimental margility which rejects the traditional
role of theory in experiment inevitably suggesteaploratory nature of experimentation.
Exploratory experimentation is an account of sdiienpractice that was proposed by
Friederich Steinle and Richard Burian independeintiyhe 1990s (O’Malley 2008, 2). It
is a variant of Hacking’'s account of experimentabnmpulability.  Exploratory

experimentation is exploratory in nature which & always guided by theory (Waters

20084, 2). ltis “theory-informed” instead of tgalriven (Waters 2008a).

However, theory-informed exploratory experimentatic not totally free of theory
(Waters 2008a, 3). Theory is not playing a govegnile but a secondary aiding role in
experimentation. To make an analogy, theory-inEnexploratory experimentation

makes use of theory as its wheel, not as a steasimg the theory-driven experimentation.

Theory-driven experimentation, which is the tramhfal account of philosophy of science,
is directed by theory about what will be observ®daters 2008a, 4). According to
Burian, theory-informed exploratory experimentatfoomes into play when theory does
not provide expectations of what investigators Mifld” (Waters 2008a, 6). Most
importantly, exploratory experimentation is “ofteanducted without specific theoretical
tests in mind as new phenomena and processes aterezk”’(O’Malley 2008, 2)

Eventually, new conceptual frameworks and bodiekrajwledge are the outcomes.

(O'Malley 2008, 2)
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At a cursory glance, it seems that Hacking’s expental manipulability of unobservable
entities and exploratory experimentation are immunem the threat posed by
underdetermination thesis to theory choice. Ibécause Hacking has claimed that
observation or experimentation is not driven byotlggexcept those basic ones). In other
words, when the experimenters use observationgdbtheories, they do not need to
make use of some other theories or auxiliary hygseh, which is required by Duhemian
holism, in drawing the conclusions about the exg@abserved outcome (Bird 2005,
175). Thus, crucial experiment is possible whedeeisive abandonment of the tested
theories can be made when the observation is iflictonith the prediction of that tested
theories. The experimental significance of anyaafaother theories is not an issue here
since these two approaches do not subscribe tolistitioview of theory-driven of

observation. If this is the case, theory choiahis possible.

However, the above promising possibility of deasitheory choice cannot be well
defended. Firstly, it is illusory in holding thatheory-informed exploratory
experimentation and experimental manipulability ace all driven by theory (though
Hacking does allow fosome basic theoretical drivers, it is not sufficientaocount for
the experimentation which is driven by a highly@fe theory). In fact, the direction of
exploratory experimentation and experimental maaipan in the course of experiment
is largely driven by unobservable entities, as @weolable entities are basically product
of theories. Consider the case of the invisibleogee of an organism. It has been
widely recognized by patent attorneys and philosoplf biology that a genome consists

of sequences of presentation (Bostanci and Cadd¥8, 115). Some of them assert that
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genome is a computer-related invention (Bostand @alvert 2008, 115). Genome
sequencing, which is the manipulation of invisilgenes, is made possible only if
geneticists base their experiment on DNA theoriésiyhow, the invisible genome is
postulated not as an independent unobserved &rttigh can be explored or manipulated

in a fashion of theory-free. Genetic materialsindeed a theory-driven entity.

Secondly, theory outlines the expected outcome beérre embarking on an experiment.
Theory guides an experimenter to know what to lfwokin the results of an experiment.
The experimenter will not be able to recognizertteaning of his findings in the absence
of theory. Thus, theory is not just a secondadyngi tool, as held by Hacking, but the
principle that drives experiment. Furthermoregaperimenter is unable to formulate his

guestion to put to nature without the guidancéhebty.

Thirdly, it is dubious to claim that the use of esmental instruments is not driven by
theory. Despite some philosophers reject the effecgoverning theory of instrument in
the process of observation and experimental rethay, cannot deny the fact that the use
of experimental instruments requires scientific Wiemlge in explaining the observed
results. At the minimal degree, inference is abvegquired in an observation in order to
draw conclusion. Experimenters inevitably needde theory in his inference.
Thanks to the electron microscope the delicateatits of DNA can actually be
photographed bridging the gap between one haplaictebium and another.
These photographs add a dimension to the actuariexgnt, which refers to the
mechanism of direct genetic transfer only very riecdily and via a network of

inferences, the validity of which depends upon bamng ready to accept the
general picture. (Harré 1984, 133)
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The above quotation pertaining to the use of edactnicroscope suggests two things.
Firstly, instrument itself is insufficient in praling explanation for an observed result.
The role of instrument is limited to providing egitte for explanation. An experimenter
needs to use inferences, which are based in existientific theories, to explain the
observed evidences provided by instrument. Segpridé explanation which results
from the evidence-based inference requires a derleearetical framework for its

acceptance. The theoretical framework serveskaleground theory or a paradigm for
an experimenter to draw his inference from. Twpegknenters who are subscribing to
different theoretical frameworks would arrive affelient explanations on the same

observed evidence.

Proponents of exploratory experimentation mightsgayg recourse to another strategy by
arguing that the primary objective of experimenngt to explain but to describe the
observed results. They may argue that the dem@ipbature of exploratory
experimentation does not introduce the predicaroétheory choice. However, this is
not a persuasive argument because description obbaerved phenomenon always
requires underlying theory as presupposition. €scdbe the observed phenomenon
“sun rises at the east and sets at the west” osaleady based his description in the
assumption of geocentricism. Harwit's elucidation the astronomical observation
exhibits the role of theory in description:

Any actually performed astronomical observationyrba described in terms of

the five parameters just discussed. We can

1 Report the spectral wavelength at which the agiens were made
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2 Specify the angular resolution obtained

3 Give the spectral resolution

4 State the time resolution

5 If the equipment also is sensitive to polarizaticpecify whether our

observations tested for plane or for circular pa&tion of the received light

(Harwit 1984, 164)

To describe an astronomical observation in termspactral resolution, Heisenberg’s
uncertainty principle is needed (Harwit 1984, 16S)milarly, a theory for the age of the
universe is presupposed in describing an observatiterms of time resolution (Harwit
1984, 169). Thus, it is apparent that descripéxperimentation is impossible without

the use of theory. The strategy, which recoursetescriptive experimentation, does not

overcome the predicament of theory choice.

In a nutshell, Hacking’s account of instrumentahipalability and Burian’s assertion of
exploratory experimentation do not provide a prangsway to get out of the
predicament of theory choice. On one hand, Hackiagcount is merely recognizing the
existence of unobservable entities through manijmuaof instrument instead of the
conception of truth. He still acknowledges thengigance of theory in explaining the
experimental results. On the other hand, Buriatlisory-informed exploratory
experimentation does not expel theory from the dormé&experimentation. Indeed, his
distinction between theory-driven and theory-infedn experimentation merely
demarcates between the styles of experiments. ryggounded inference is still

required in experiment to explain the observedltesu
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2.8 The Empirical Equivalence Thesis

The empirical equivalence thesis is embraced byirgigbs in upholding their claim on
underdetermination of theory by evidence. In thetial account of Quine,
underdetermination thesis requires “theory formaitet that are empirically equivalent,
logically incompatible, and irreconcilable by aaenstrual of predicates” (Gibson 1986,
87). A promising way for realists to defeat thegicament of theory choice is to argue

convincingly that there are no empirically equivelgval theories.

Psillos holds that underdetermination thesis basesarily on the empirical equivalence
thesis, which contends that any theory has empyiemuivalent rivals (Psillos 1999,

164). It results in the entailment thesis whiclsests that the entailment of same
observational consequences by rival theories plegestraints on rational theory choice

(Psillos 1999, 164). Hence, theory choice becomesgtably arbitrary.

According to Quine, two empirically equivalent rivineories imply the same set of
observation categorical (Gibson 1986, 87). Theeldat “compounded of observation
sentences” that links “theory logically to obserwat (Quine 2003, 10). Quine holds
that observation sentences are the basic unitptbaide evidential support for science.
They are occasion sentences “on which speakernseofahguage can agree outright on

witnessing the occasion” (Quine 2003, 3).

Quine has enumerated several instances of obsamsdntences, some of which are “It's

raining”, “It's getting cold”, “That’'s a rabbit”, The sun is rising and birds are singing”
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and etc (Quine 2003, 3-4). The truth value of olme&®n sentences hinges on the
occasion of making an observation. They can be tmu one occasion while false on
others (Quine 2003, 3). To be applied in sciemrepbservation sentence must fulfill
two requirements, viz., intersubjectivity and cgpendence to stimulation, in order for

one to use as an evidential support for a conjedttiveory (Quine 2003, 2-6).

Quine maintains that an observation categoricatampounded of two observation
sentences. It forms the basis for an experimedotégst his hypothesis (Quine 2003, 9-

10).

A generality that is compounded of observableshis way—‘Whenever this,
that'—is what | call arobservation categorical. It is compounded of observation
sentences. The ‘Whenever’ is not intended to raifes and quantify over them.
What is intended is an irreducible generality ptmany objective reference. It is
a generality to the effect that the circumstancescdbed in the one observation
sentence are invariably accompanied by those destnn the other.

(Quine 2003, 10)
From the last sentence of the above-quoted pastagesalient feature of observation
categorical is that there exists a causal reldtemveen two observation sentences. It is
corroborated by his example of observation categbri “When a willow grows at the

water’s edge, it leans over the water” (Quine 20@3,

For Quine, any theory has empirically equivalenals which share the same set of
observation categorical (Gibson 1986, 87). Sirzseovation categorical is compounded
of two observation sentences and it must be treased standing sentence, meaning to

say that the component observation sentences dréwooself-sufficient observation
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sentences (Quine 2003, 10-11), Quine has to erthateone observation sentence is
always necessary and sufficient to bring forth Hubsequent observation sentence.
Unfortunately, Quine does not provide any indicat@bout it. This unsolved issue
becomes complicated if an observation categorigah icomposite of more than two
observation sentences. Scientists will not be tabieter-subjectively agree on the causal
chain of the order of observation sentences th&eni@ an observation categorical. If
this phenomenon happens, realists may legitimatelgt out that there are no genuine
empirically equivalent rival theories in the senbat the same set of observation
categorical, which is shared by the rival theorimsy contain an array of observation

sentences which have a variety of causal chairrorde

Quine’s account of observation sentence and obis@nvaategorical opens way to the
criticism of realists from the perspective of quant physics. Quine’s observation
sentence is the description of what is perceivadeha His account fits perfectly into
the classical interpretation of physical scienceemghthe human observers are
independent from the observed phenomena. How#vsraccount is untenable in the
context of quantum interpretation of the structwfe world. Classical physics is
deterministic in nature whereas quantum physies statistical theory (Bohm and Hiley
1993, 13). The latter raises two fundamental pass: “(a) the indivisibility of the
guantum of action and (b) the unpredictability amdontrollability of its consequences
in each individual case.” (Bohm and Hiley 1993,143- These postulates suggest that a
guantum phenomenon consists of experimental comditiand the meaning of the

experimental result as a whole, which is not furttiealyzable (Bohm and Hiley 1993,
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16). Thus, the meaning of an experiment cannourmmbiguously referred “to the
properties of a particle that exists independeotithe rest of phenomenon” (Bohm and
Hiley 1993, 16). The yielded measures are probedtieer than deterministic. Indeed, it
is impossible to provide a meaningful account @& state of a particle even if the same
results are obtained in different experiments (Bodumal Hiley 1993, 18). With this
feature of quantum theory in mind, it is suspicithest two rival quantum theories would
entail the same observational consequences. theiapirical equivalence thesis appears
to be a moot point to quantum physicists becausertttependent reality, unlike under
the interpretation of classical physics, cannotdfiected unambiguously in the theory
(Bohm and Hiley 1993, 16-17). John von Neumanndvas proved mathematically that
the quantum theory is a complete system in itséifctv offers no evidence that an
underlying physical world exists (Hoffmann 1959817 Thus, underdetermination thesis
is less tenable if it claims that any theory, ia ttontext of quantum physics, always has

empirically equivalent rivals.

What is perceived in the quantum state may notigletly judged as the identical
empirical phenomenon for two rival theories. Pe@oelaims that the perceived
“coinciding energy values for the hydrogen atom”uislikely to be deemed “as an
evidence of the empirical equivalence of Matrix Macics and Wave Mechanics”

because these values only indirectly relevantedwo theories (Perovic 2008, 450).

Perovic further maintains that experiments are alatays capable of determining the

empirical equivalence in quantum physics:
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Nor could the experiments concerning the relatsdie of quantization of the
orbital angular momentum... have contributed to tmespmed (by Muller)
agreement on the empirical equivalence. By intcotly the quantized angular
momentum of electron, Bohr's model predicted cdtyethe spectral lines (i.e.,
Balmer lines) that corresponded to the allowed tiamtal frequencies of the
electron.... it was not clear whether the spectna¢diindicated the nature of
individual corpuscular-like interactions of radiation witletinatter..., or whether
they were the consequence of the way wave-packetsindividual corpuscles,
interacted with the matter. (Perovic 2008, 450)
The main reason that contributes to the uncertamiggreeing that two rival quantum
theories entail empirically equivalent quantum piraenon is the realist belief in the
unobservable entities. Moreover, the observabidsch are technically defined as
“quantities such as position, velocity, momentumg anergy that can be experimentally
measured” (Thornton and Rex 2006, 184), cannotreeigely measured in the quantum
state. It may then be argued that there is noseade of equivalent phenomena due to
the unpredictability of the phenomena. As sucldeudetermination does not appear as a
genuine threat, according to Perovic, for underdatetion is always tied with the thesis
of empirical equivalence. It further leads to aiml that there is no real sense of
empirically equivalent rival quantum theories. éed, Perovic suggests that the inter-
relation between interpretation, formalism, andeskpent should be considered together
in theory choice instead of considering the expental result alone (Perovic 2008, 460).

Hence, Quine’s observation sentence itself is figaht to determine the empirical

equivalence of any two rival theories.

The definition of observable phenomena in quantuatesdiverges from its ordinary

meaning. It is defined in terms of the measuriggigments and observed objects
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(Evanston 1949, 215; Quoted in Sauer 2007, 88®weier, a quantum-state observable
phenomenon is deemed fundamental and cannot bgzadakductively to the measuring
equipments and observed objects that yield it (Btan1949, 215; Quoted in Sauer 2007,
885). Nor does the holism of quantum theory alline observed phenomena to be
reduced to the spatiotemporal relations of the tiotisg parts (Maudlin 2007, 639).
The role of measuring equipments in yielding thesesbable phenomena leads to
Duhem’s holism (Chang and Cartwright 2007, 369¢al®ts need to deal with holism in
order to defend their realist stance (Chang ant\Cigiht 2007, 369)
As Bohr has made clear.... the measuring appardussopserved object must be
regarded as a single indivisible system which weddstatistical aggregate of
irregularly fluctuating observable phenomena.... Theyst simply be accepted as
fundamental and not further analyzable elementseality, which do not come
from anything else but just exist in themselvesafiston 1949, 215; Quoted in
Sauer 2007, 885)
The observable phenomena in quantum state pregdutadistic account of reality in the
Everett interpretation of quantum mechanics. IlaisSmany-worlds interpretation of
guantum mechanics” (Baker 2007, 153-154) whichoisaoherent with scientific realist
coherence theory of truth. Many-worlds interprietatholds that there is more than one

possible world at the subatomic level. Each pdssiworid implies a potential behavior

of a particle, which is treated as a vector in lastract space (Davies 1990, 71).

In quantum mechanics, the real world can only béneé “within the context of a
particular type of measurement or observation” (Esv1990, 123). “Measurement
outcome is a class of branches” (Baker 2007, 16&ictwconsists of elements of a

superposition of quantum states (Baker 2007, 15)e experimenters are required to
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“know which worlds (if any) are the branches.” (Bak007, 165) and this knowledge
requires probability rule (Baker 2007, 165) whichriot inferable from observables
(Hemmo and Pitowsky 2007, 337). However, the olzde is not deterministic in
yielding the measurement outcome.
... the observer is involved in reality in a verymflamental way: by choosing the
experiment he chooses which alternatives are oer.ofWWhen he changes his
mind, he changes the selection of possible worl@$.course, the experimenter
cannot pick precisely which world he wants, forytlaee still subject to the rules
of probability, but he can influence the availati®ice. (Davies 1990, 123)
... the combinatorial majority of observers woulddithat quantum mechanics
contradicts their experience. So, as a generalgok clearly cannot claim that
the quantum probabilities might be inferred (sayaa empirical conjecture) from
the observed frequencies. (Hemmo and Pitowsky 28@7),
The non-deterministic feature of measurement ouécopens the door to the Everett
pluralistic account of quantum state. This accaasumes that “the entire universe has a
guantum state” (Butterfield 2002, 19). It assdftat all “definite macrorealms are
actual.” (Butterfield 2002, 19). It is impossiliteobtain a precise measurement outcome
as the pluralistic nature of quantum states is (g@mmo and Pitowsky 2007, 337).
However, this impossibility of knowing the deterraia position of a measured particle
can be accounted by the fact that the particleins d superposition of mutually
incompatible positions.” (Barrett 1995, 2)
Moreover, even if one were to define (by brutecé&rthe squared modulus of a
branch as its probability it would still be irrebavt, since all branches are actual.
In other words, in the absence of measurementgas@ine stochastic process the

combinatorial majority of worlds is still a-typicalHemmo and Pitowsky 2007,
337)
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The problem of pluralism that posed by Everettrimtetation of quantum mechanics to
realists has its root in observables. The obséegadre unable to adjudicate between an
array of branches because all of them are equedly rEverett and De Witt propose this
pluralistic account as the solution to the uncatiaiof experimental measurement
(Hemmo and Pitowsky 2007, 334-335). The many-vgotitetory cannot determine if one
branch is more real than another because it doeproeide a precise measure over
branches (Hemmo and Pitowsky 2007, 338). It assdvat “the usual quantum-
mechanical states provide complete descriptionslbofpossible physical situations.”
(Albert and Barrett 1995, 35) Hence, the many-dmtheory does not support the realist

correspondence theory of truth.

The empirical outcome becomes indeterminate ansl determined by the context of
measurement. The Everett interpretation posits“the number of branches is equal to
the number of all possible outcomes” (Hemmo anavi&ky 2007, 346). If the empirical
outcome is unable to be precisely measured, iugpisious if there exists any two

empirically equivalent rival quantum theories.

There are more and more scholars who doubt abeutate 1920s agreement on the
empirical equivalence of matrix mechanics and waeethanics (Pevoric 2008). The
empirical equivalence thesis of these two rivaloties was initiated by Schrédinger’s
1926 isomorphism proof (Pevoric 2008). In his isophmism proof, Schrédinger

demonstrates that the wave equation is correspgnidinthe energy spectrum of the

hydrogen atom (Darrigol 2003, 346). However, Sdhrger's proof is deemed
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unsuccessful because it merely demonstrates ‘“thenaiespecific ontological
equivalence of Matrix Mechanics and Wave Mechanigt) respect to the domain of
Bohr’'s atom.” (Pevoric 2008, 444). Gibbins holtdatt Schrédinger’s proof shows that
the two theories are equivalent ontologically bat empirically. (Gibbins 1987, 24;

Cited in Pevoric 2008, 452)

According to Muller, the two experiments presenbgdSchrddinger as a proof of the
empirical equivalence of matrix mechanics and waneehanics are insufficient (Muller
1997a; Cited in Pevoric 2008, 447). The first ekpent concerns the problem of
smeared charge densities. Pevoric argues thab@oher’s early treatment of the atom
as a charged cloud does not accurately explaithéradiation of the atom (Pevoric 2008,
449). The second experiment concerns the issupiaftization of the orbital angular
momentum. Wave mechanics is unable to explairB&mer lines, which is a kind of
spectral lines that correspond to the rotatiorequdencies of the electron, in a convincing

way as matrix mechanics does (Pevoric 2008, 450).

There are scholars who claim that the imprecisesoreaent in quantum mechanics
renders the measurement outcome to the statuseofetical claim rather than an
experimental claim (Morrison 2007, 548). The the®rare deemed “observational
indistinguishable” (Belousek 2005, 670)
However, if we are unable to measure the spin gingle electron then the
assignment of a value in so-called ‘spin measuréshésn a largely theoretical

claim rather than an experimental one. So, whpla 8es at the foundation of a
good deal of modern technology, like the use of MRImay be that our
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knowledge of it is via detection and inference eatthan direct experimental
measurement. (Morrison 2007, 548)

Barrett goes further from this stance by statirgf there is no real understanding of the
physical world (Barrett 1995, 4).
In addition to giving up on any real understandofgthe physical world, one
would have to be content with the fact that thera tlass of experiments (which
would b extraordinarily difficult to perform bute@mat least in principle possible)
for which the standard theory (even when suppleeterwith our intuitions
concerning what constitutes a measurement) can makempirical predictions
whatsoever. (Barrett 1995, 4)
Barrett's claim is a typical quantum physicist vien the nature of quantum system.
Physicists regard quantum theory as a mathemadtiealy rather than a physical theory
(Weinert 2004, 63-65). It is because the Hilbgra&, a mathematical reference frame,
is assumed in the experiment. Physicists clairas“tieality cannot depend on particular
reference frames. What is real must be what resnawariant across different reference
frames.” (Weinert 2004, 64) Physicists go beyamddsert that the particle or the wave
theory does not depict the true nature of the aquandystem which is independent of
observation (Weinert 2004, 65).
In the view of many proponents of quantum meclsntbe observation of
particle or wave properties is dependent on thesgxyental arrangement. The
guantum system displays particle- or wave-like abtaristics, depending on the
setting of the experimental apparatus. For mampgments of quantum theory
this meant that the quantum system, if undisturdeds not possess any intrinsic
properties associated with particles or waves. h&atin the course of different

measurements, mere potentialities jump into cerdatoalities. (Weinert 2004,
65)
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Apart from repudiating the empirical equivalencedis from the perspective of quantum
physics, a realist may also claim that this thdsiss not hold in the classical physics and
other physical sciences too. Brush claims thapthesical law, for the purpose of theory
consistency, is not merely accommodating empiriaets but also forcing the facts to
accommodate to it (Brush 2007, 257). The examplecoommodating facts to laws is
the modification of atomic weights of beryllium andllurium (Brush 2007, 257).
According to Brush (2007), the reason for acceptimg periodic law is that theoretical
consistency as its virtue has led to the preciserggion of physicochemical properties
and atomic weights of elements such as berylliuoh telurium. Hence, a realist may
argue that the role of evidence in theory choicgesondary because it can be subjected
to alteration for the purpose of theory consistenityurther leads to a feasible claim that
a theory choice is possible in the presence of ecaftly equivalent rival theories by
accommodating the evidential facts to these theorieThe theory with the well-
accommodated facts is epistemically merit and sailshbe chosen eventually. Thus, the

theory-choice problem posed by empirical equivadethesis is resolved.

Psillos claims, from the perspective of semantitat the proof of empirical equivalence
thesis is trivial. He argues that one can creatgher rival theory off by adding any
statement to it, or by “just permuting two thearatiterms ofT (e.g. ‘electron’ with
‘proton’, etc)” (Psillos 1999, 164). In his accauampirically equivalent rival theories

can be arbitrarily constructed without concerningjit truth-content.
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Psillos attempts to show that one can artificiatignstruct an array of empirically
equivalent rival theories, which do not pose argt threat to the original theorl. He
avows with Laudan’s viewpoint that “there is ‘nogatithm for generating genuine
theoretical competitors to a given theory’.” (Lande296, 61. Quoted Psillos 1999, 164)
The point Psillos has missed is that the underdwtation thesis does not assert that
empirically equivalent rival theories are the prodof artificial modification of the
original theory. Such artificial construction ofal theories indeed will not yield genuine
scientific rival theories but empirically equivatetnivial theories. These artificial rival

theories are not epistemically significant becatsg are redundant.

The study of underdetermination thesis in immunyplogrried out by Atlan shows that

empirically equivalent rival theories are not nea@dy redundant and trivial, as alleged

by Psillos and Laudan. He claims that two or naifflerent automata immune network

theories
may have the same attractors which correctly pteétie same observable facts,
and yet neither of them may be at all redundanthensense that every isolated
modification of the network would result in diffeteattractors and therefore
would change it into a false theory. Going fromedheory to the other in the
equivalence class does not imply acting on redunfisiures: a given network
structure with no unnecessary element or connedgsigust replaced by another
completely different structure, no more redundamd get characterized by the
same attractors (Atlan 1989, 251)

Atlan further asserts that the artificial constroetof rival theories, as suggested by

Psillos, demonstrates the indeterminacy in thetamgAtlan 1989, 251). Occam’s razor

should be applied to eliminate these rivals (A1&89, 251)
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Indeterminacy in theorization is often confusedhwedundancy in the sense of
unnecessary additional features in the theory wHimot change anything in its
predictive power... Obviously such redundancy implregeterminacy, since the
same facts would be accounted for by several tegodifferent in that they
would be more or less redundant, or redundant thigrdnt features. (Atlan 1989,
251)

There are two versions of empirical equivalenceithe The first version asserts that the

rival theories are underdetermined by the identgeapirical content, as described above.

The theories T and T’ are underdetermined3@ and T'=> O.

However, the second version of empirical equivadetitesis does not insist on the
identical empirical content. A scientist is unalbite adjudicate between two theories
based on their largely overlapping empirical predits, regardless if their empirical
contents are identical. If two theories “make medictions that would allow us to
differentiate between them” (Magnus 2004a, 6), they regarded underdetermined by
the evidence. This second version of empiricaivedence thesis may take two forms.
If the empirical predictions are identical, the ardktermination can be illustrated as in
the first version (O and T= 0O). If the empirical predictions are non-identigget
they are somehow similar or near-identical, the emdétermination thesis can be
represented in the form of¥O and T=> O’; where O and O’ overlap in a large domain
of empirical contents. The finding of the compéityp of six rival hypotheses of
pneumococcal transforming substance with the eceléias demonstrated the latter case
of near-identical empirical equivalence (Cresto 000-76). The main research
guestion on pneumococci that caught the attentidnodogists in the early 1940s is the

nature of the chemical composition of the pneumoabtransforming substance (Cresto
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2008, 70). The virulent variant of pneumococci Wiasd to be surrounded by a capsule
which is indigestible by the host’s immune cellse thon-virulent variant, by contrast,
does not come with capsule. Itis the questiotherchemical properties of the substance
that transforms a non-virulent variant to virulgarteumococci that has led to various
hypotheses. Notably, regardless which hypothesapplied (be it RNA, capsular protein,
DNA and so on), the experimenters will observe simailar phenomenon where the
capsule formation and the gene-like substance edtapticated in the daughter cells
(Cresto 2008, 70). This is a case study that detrates the overlapping (but non-
identical) yet indistinguishable empirical evidenceThe six rival hypotheses are
incompatible in the sense that they used differgquiotheses (e.g. of capsular protein,
RNA, DNA etc) to account for the empirical obserwaf yet these rival hypotheses are
compatible in the sense that they are corroborbtedverlapping (but non-identical)

evidence of the pneumococcal transforming substance

Scholars are unaware of these two versions of érap&quivalence thesis, and they tend
to mix them into one. The above-mentioned firgsian takes “empirical equivalence”
to mean “empirical sameness”. The above-mentigebnd version takes “empirical
equivalence” to mean “empirical similarity”. Twets of evidence are said to be in a
state of “empirical sameness” when they are idahtit all respects. If they are found
deviating in some minor respects, yet be ideniitahost respects, they are in a state of
“empirical similarity”. The conceivable example rfempirical sameness is the
measurement of the weight of an object by two pesmdependently. The example for

empirical similarity is the measurement of geneuseges of two individual organisms in
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a same species, for each individual organism doesave identical gene sequences in

the genome.

The first version of empirical equivalence thesi€xposed to harsh attack by realists. It
is hard to be defended because the identical estdeare required to be entailed by two
rival theories. One may reasonably refute by pognbut that there were no identical
empirical predictions entailed by rival theoriestire history of science (Psillos 1999,
165). Besides, one may argue that the change xifiaies may dismiss empirical
equivalence thesis because the observational seggiean be determined only with the
aid of auxiliaries (Laudan 1996; Cited in Psillo899, 165). The latter argument
contends that the size of the empirical consequerass is not fixed a priori but
changeable as science grows, for the today’s unadisles may become observables in
future (Laudan and Leplin 2007, 250). The discgvef microorganisms is the

prominent example of the expandability of the eisplrconsequence class.

The second version of empirical equivalence thisseasier to defend. It is because this
version does not require identical empirical conseges. It is easy to hold that the
similar empirical outcome which is entailed by twival theories will lead to the
underdetermination of theory, at the level of baokgd theory. Hudson has
demonstrated that the choice between quantum ghgsid classical physics, which are
two rival background theories, is underdetermingdhle evidential results of black body
radiation. He holds that the observed distribubbnadiant energy, which is an element

of Planck’s law, can be interpreted in classic&otiem mathematically (Hudson 1997,
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250). Hudson arrives at a conclusion that the adibitity between classical physics
with the existence of quanta has raised the proldetheory choice between quantum

and classical physics.

The problem posed by the second version of empireguivalence thesis to
underdetermination thesis can be dismissed by adpptancy Cartwright’'s pragmatic
approach towards theory choice. Her criterion hedoty choice is not based on the
resulting evidence at hand but the future evidewbé&ch might be predicted by the
selected theory. That is to say, the empiricatience that is entailed by the candidate
theories has no role in arbitrating a choice. Heilce problem posed by the empirical
equivalence thesis to theory choice has lost itsefo
To accept a theory is to decide to use it to nakthose predictions about what
we might observe that will help us chart our aciohe justification for using
the theory in this way is not an epistemic one.liegBen what the theory says
about what is observable is the proper epistentiiu@é to the theory we accept
because that is just the point of accepting thertheWe do not otherwise have to

accept or reject any theory at all. We are not mellad by principles of
rationality to have any epistemic attitudes at@k theory (Cartwright 2007, 40).

2.9Conclusion

The core tenet of scientific realists is the exiseeof a mind-independent reality. They
hold that reality consists of observable and unolad#e entities and processes which
really exist. Realists claim that truth lies iretborrespondence between theory and
reality. They need to demonstrate the possibditgrucial experiment in deciding the
only true theory, among the rivals, which corresjorio the reality. However,

antirealists rebut the possibility of crucial expent by holding that theories are
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underdetermined by data. Theory always containsessive contents (auxiliary
assumptions, logical constructs and etc) whichaowlt possibly be arbitrated by data.
This predicament is not easy to resolve as thesteabntological commitment for the
correspondence between reality and theory is tmmgt The epistemic criterion of a
chosen theory is that it must be a true theory,thaitdata is underdetermining all rival
theories and unable to single out the true theoiyhe strong commitment in the
correspondence theory of truth does not allow sealio be contented with the best
available theory. It is because a best theory tiighmerely pragmatic and coherent but

possibly not true.

Scientific realists attempt to resolve the theohnpice problem which is posed by the
underdetermination thesis by holding that falstima is possible at the level of

observation statement, which in turn makes theiar@xperiment possible by weeding
out the falsified rival theories. They reject thahemian claim of infalsifiability of an

isolated hypothesis by an observation statemehey Told that observation statement is
capable of deciding the truth based on the expetimeThey further claim that

falsification is possible because the observattatement constitutes raw data which is
not laden by theory. This strategy of gettingafduhemian holism has ignored the fact
that the observation statement is theory-ladenis fidalists’ recourse to the verification
power of observation statement does not demonsirptemising solution to the problem

of theory choice.
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Unobservable entities which are held real by reslgppear to be a promising way to
account for the possibility of theory choice. Uretvable entities are posited as the
cause of some observable phenomena. They cannabdseved due to their size and
distance. Besides, some unobservable entitiesoigyossibly be observed because they
are not tangible entities but processes or efféstch as gravitational force and
electromagnetic field). If realists have reasom9osit the existence of unobservable
entities, they may proceed to claim that the unoladde data might play a major role in
arbitrating among rival theories. They may conelutiat data (both observable and
unobservable) may arbitrate among rival theoribgs tmaking theory choice possible.
Arguments for the possibility of theory choice caa used by realists to defend the
correspondence theory of truth. They may argud thaory choice is a direct
consequence of a one-to-one correspondence betwesdity and theory. The
correspondence between theory and reality is teealse theory choice is always

possible.

Scientific realists adopt the perspective of expentation in defending the existence of
unobservable entities in favor of the possibilifytleeory choice. Boyd claims that the
unobservable entities are real because their existexplains the instrumental reliability
of the methodology. In Boyd’'s account, experimenathodology is theory-dependent
which is grounded in a truth-based theory. A tio#ised theory in Boyd’s account is a
theory that corresponds to reality. He holds thahost time theory is corresponding to
unobservable entities. Unobservable entities @xplae reliability of theory-dependent

instrument and methodology. Boyd holds that th@iaghof a methodology is amounting
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to the choice of an underlying theory. He conctutieat the fact of the possibility of
methodology choice implies possibility of theoryate. The choice of methodology and

theory is possible because they are corresponditigetunobservable entities.

Boyd’'s assumption in the theory-based experiman&thodology fails to account for the
connection between the reliability of instrumendahe possibility of theory choice.
Boyd has ignored the fact that the governing th@bdthe instrument is different from the
theories that are drawn based on the experimesgalts. The absence of a connection
between the choice of an instrument and the choica theory has indicated that the

issue of theory choice cannot be solved by accogritr the instrumental reliability.

Putnam refutes reliabilism of methodology from perspective of pragmatism (Putnam
2005, 82-84). He holds that methodology is notectdyely reliable but subjectively
reliable. Putnam asserts that the reliability atimodology is solely determined by the
experimenters (Putham 2005, 82). Unobservabldientivhich are posited in Boyd’s
account do not play any role in Putnam’s asseuiahe reliability of methodology. If it
is true that the reliability of methodology is cext-dependent as held by Putnam, Boyd’s
claim of “possibility of methodology choice implig@ssibility of theory choice” would

set theory choice in the light of relativism.

Chalmers, who is also subscribing to the perspedaivexperimentation in favor of the

possibility of theory choice, has recognized theedh of theory choice posed by the

theory-based experiment. He realizes that Boydtoant of theory-based experiment
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will produce non-neutral experimental result whibbes not possess decisive power in
arbitrating among rival theories. Chalmers propaseolution by distinguishing between
the governing theory of observation, of instrumemd of observed result. He attempts to
show that the governing theory of instrument is tihet same theory that governs the
observation and observed results. Chalmers arthatsthe observed results may not
involve the high-level theory as the instruments d¢e proceeds to claim that observed
results have not deeply theory-laden and henceateepeutral in some degree to be able
to arbitrate among rival theories. However, assgntthalmers’s distinction of three
different governing theories is proper, his argumstill does not warrant theory-

independent neutral data which is necessary teidety arbitrate between rival theories.

Hacking is another scientific realist who also addhe perspective of experimentation in
favor of the possibility of theory choice. Congrdo Boyd and Chalmers, Hacking does
not think the truth-based governing theory has rdoumted to the reliability of instrument
and methodology. Hacking claims that the reliépiif an instrument is warranted by its
manipulability. The manipulability of instrumentdemonstrates the existence of
unobservable entities because observed phenomenbecalerived from them in the
experiment. The unobservable entities are pogsiedxist because they exert causal
relation, through the manipulability of the instrem, to yield the observable phenomena.
According to Hacking, the nature of unobservablities is manipulation-dependent but
theory-independent. If Hacking’s claim is true, tnay safely escape from Duhemian
holism by holding that the neutral unobservabldtiest will cause neutral observable

phenomena via the manipulation of instruments. e&l@r, neutral data is still not
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decisive in arbitrating among rival theories whdmese theories are empirically

equivalent.

Empiricists rely on the empirical equivalence teagi upholding the underdetermination
thesis. Empirical equivalence thesis states thgttheory has empirically equivalent
rivals. The entailment of the same observatiomalsequences by rival theories places
constraints on rational theory-choice. Theory chas inevitably arbitrary because it is

impossible to evaluate the rival theories basetherempirically equivalent evidence.
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