CHAPTER 5: ISGENUINE THEORY CHOICE POSSIBLE?

5.1 Introduction

Relativism is a long-lasting thesis ever since tinge of Ancient Greek Philosophy.

During the course of debate, relativism has evolwnéal various versions. As elaborated
in Chapter 4, it is seen that epistemic relativistdd that scientific theories emerge
dependently on cultural or psycho-sociological eaht From the perspective of relativist,
the contextual scientific theory is legitimated rsately by reason, but largely by the
irrational factors such as psychological, sociatagicultural and subjective aspects. As
claimed by relativists, these irrational factorsildonot be (universally) rationalized and
thus provide no common evaluative standards foorthehoice. As a consequence,
theory choice between two rival theories which eyaemn different contexts will be

inevitably arbitrary.

The challenge faced by relativist is thus unfoldedhis way: is genuine theory choice
possible? Notably, it is a question which is distifrom the question of “is theory choice
possible?” For relativist, theory choice is possiiol the sense that a scientist could make
a choice under any circumstances—although it igitalely an arbitrary choice. With
this response from relativists, one may reasonashy does an arbitrary choice count as a
genuine choice? Presenting a child with two rivedories, he may perform a random
choice despite the fact that he is not equippedh whie required knowledge. Isn't
relativist’s stance on arbitrary theory choice agals to the random choice made by a

child? If it is so, we may conclude that genuineary choice is impossible.
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Relativists may reply that the arbitrary choice,ichhis context-dependent, made by a
scientist is different from the random choice mégea child. He may argue that a
genuine theory choice is the one which requiresvesit knowledge as the prerequisite.
Scientists who choose arbitrarily between two ritredories need to have the specific
knowledge to identify that those rival theories aoatext relevant (e.g. able to identify
which paradigm a theory is subsumed under), sottigt would not beg the question.
Further, relativists may still argue, a scientigti®ory choice is not only possible but
genuine, and thus different from the random choica child, in the sense that he can tell
why and how two rival theories are distinct. A latehined scientist is able to specify the

different contexts under which a theory is acceptab

However, knowledge itself does not suffice to shthat whoever possesses it can
possibly make a genuine theory choice. One maykadliscipline inside out, yet he
may not have a rational ground to make a theorycehbthe rival theories emerge from
different contexts (e.g. different paradigms). W&ely recognized, the lack of a
common rational ground for theory choice renderktinést choice arbitrary and
irrational. Speaking of genuineness of theory ohgit is expected that there exist certain
rational grounds for arbitrating between rival thes. Although relativist's appeal to
non-rational factors in accounting science hasctegefoundationalism and rationalism, a
genuine theory choice is still possible if thergénuine disagreement among scientists.
Genuine disagreement refers to rational epistemsagdeement on the theoretical content

of theories among scientists who are working witthie same context when they are
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presented with rival theories. Scientists can ifystheir disagreement in theory
evaluation despite the fact that their ways of da@nience may be influenced by cultural
and psychological factors. The emergence of gendisagreement among scientists can

be seen as an indicator of rationality in theorgicé.

An important factor that deters genuine theory chas originated neither from the
knowledge of scientist nor from the irrational erig; indeed, it is a factor that originates
from the rival theories. A scientist with good kviedge who applies rational criteria for
theory choice may not make a genuine theory chslueuld the rival theories are
indistinguishable epistemically from the origindlebry. That implies that a rational
criterion for theory choice does not warrant aomsi outcome, i.e. the chosen theory
may not be always superior to its rivals. SecBdhis devoted to the discussion of this
issue. | discuss, in Section 5.3, whether a m@lerating algorithm has any teeth in
defending a relativist notion of theory choice. cAncluding remark for this chapter is

given in Section 5.4.

5.2 Indistinguishable Rival Theories

Relativists always claim that there is no ratiowaly to arbitrate between rival theories.
As shown by Duhem-Quine thesis of underdeterminatielativists argue, scientific

theory is inevitably underdetermined by evidend@ée appeal to methodology and logic
offers no solution to a rational theory choice.ie8tists have no rational grounds to make
a choice by weeding out the false theories, bectnuesbolistic nature of theory prevents

one to deduce the falsity of a theory from theufa&lof that theory in making a correct
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prediction. There is no way to know which auxjiassumption is responsible for the
failure of a correct prediction. Hence, relatigistaim that evidence is never sufficient to

force the rejection of any theory, therefore nioral theory choice is possible.

By invoking the thesis of underdetermination aganasional theory choice, relativists
presuppose that all scientific theories are a pegually good. This presupposition
confers all rival theories the same epistemic vafae otherwise one would be able to
make a rational theory choice if one theory is sigpe¢o the others. Despite the a priori
equal status of all scientific theories in termspfstemic value, they may have unequal
non-epistemic evaluative value, such as simplicagsthetics, and coherence, which

cannot be judged in a rational way.

Does this presupposition that all scientific thesrare a priori equally good valid? If it
does, we have to admit the fact that rational thehioice is impossible a priori, as all
rival theories are a priori equally good and indigtishable in terms of their epistemic
merits; further, we have to also admit that raticsteice is impossible a posteriori, as
demonstrated by the underdetermination thesisnibatvidence can determine a choice.

As a consequence, it would seem that relativisnuatth@ory choice is persuasive.

Laudan has posed a challenge to this presupposifiche equal epistemic value of
theories. He calls it the egalitarian thesis (laud998). He defines it such that “every
theory is as well supported by the evidence asoéig rivals.” (Laudan 1998, 324), and

attributes it to Quine’s formulation of underdetamation. Laudan claims that it is this
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egalitarian thesis which is championed by relatsvthat makes them find support in the

underdetermination thesis against rational thebpyce.

Egalitarian thesis which is held by relativistsc@aling to Laudan, is a strong argument
asserting that all theory, without exception, isi@ty good in terms of their evidential
support. It is coupled with the thesis of empiriequivalence, which states that every
theory has equivalent rivals, to arrive at the wddeermination thesis. Laudan holds that
both egalitarian and empirical equivalence thesst@o strong as they are applied to all
theory. Both theses hold that, given an evideBgceone cannot arbitrate between
candidate theories because any theory and an oivdls are equally supported By
From the standpoints of relativist, it is not enlougat at least some rivals are supported
by E, because it would make a rational theory choicssite since there are some
theories which are superior to others. To consiltenaintain that rational theory choice
is impossible, relativists must hold that all rivideories are equally supported by
empirical evidence. Relativist account of theliéga@an thesis, and the claim of the
impossibility of rational theory choice, would b&se untenable if one is able to show

that at least one theory could demonstrate a greaigential support than other rivals.

The mistake of the relativist egalitarian thesmtends Laudan, is that its arguments for
the case of empirical equivalence and underdetatiom of theory by evidence are
based “a priori and wholesale by philosophical dkgion or fiat.” (Laudan 1988, 137)
Laudan maintains that there is no reason for on@@suppose a priori that all theories

are equally good in terms of evidential supportistéad, this issue “must always be
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settled in terms of a detailed knowledge of theecimshand, and each case must be
separately argued for.” (Laudan 1988, 137). Laudagether with Leplin, has given a
detailed elaboration on this claim (Laudan and ire@D02) based on three theses: the
variability of the range of the observable (VRO)e tneed for auxiliaries in prediction
(NAP), and the instability of auxiliary assumptiorfAA). Laudan and Leplin
demonstrate that the proper understanding of ttiese theses will dispel the thesis of

empirical equivalence and the relativist egalitatizesis.

Laudan and Leplin formulate the thesis of the V&such:

Any circumscription of the range of observable pimena is relative to the state

of scientific knowledge and the technological reses available for observation

and detection.

(Laudan and Leplin 2002, 364)

The thesis of VRO is a thesis that concerns thentbany between observables and
unobservables. Laudan and Leplin agree with tadittonal view that the boundary
between observables and unobservables is dynasitheamprovement of experimental
methods and instruments will make the previouslphbserved entities observable.
Hence, there is no fixed range of the observalilae class of observable phenomena
undergoes changes in the course of scientific dpweént. Laudan and Leplin argue
further that this variability of the range of thieservable implies the implausibility of the
empirical equivalence between rival theories; fdre tdynamic boundary of

observable/unobservable will introduce new evidemst® any theory as science

progresses, which results in the empirical inedaivee between a theory and its rival.
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The admission of the thesis of VRO is necessaryirautfficient to refute the empirical
equivalence thesis, because relativists may thwiebnstruct auxiliary assumptions to
resume the empirical equivalence of any two rivedories. Having recognized this,
Laudan and Leplin formulate the thesis of the rfeeduxiliaries in prediction (NAP), as

such:

Theoretical hypotheses typically require supplerigon by auxiliary or

collateral information for the derivation of obsable consequences.

(Laudan and Leplin 2002, 364)

Laudan and Leplin agree with the relativists thatileary assumptions are required to
derive the observable consequences, while theygmisathat any auxiliary assumption
could be counted as epistemically significant. &xapg the construction of auxiliary
assumption in an ad hoc way, Laudan and Leplinreds® the empirical equivalence of
any two rival theories is not always warranted.

The empirical commitments of theories depend...... onatwhuxiliaries are

epistemically available to the scientific communit@ne is not free to pick and

choose one’s auxiliaries depending on what theowy wants to credit, in utter

disregard of what collateral beliefs enjoy indepartdsupport. For then there

could be no fact of the matter as to whether any ttveories are observationally

equivalent.....
(Leplin and Laudan 1993, 14)

In addition to the theses of VRO and NAP, Laudadh leeplin formulate the thesis of the
instability of auxiliary assumptions (IAA) in theiattempt to refute the empirical

equivalence thesis

Auxiliary information providing premises for the rile@ation of observational
consequences from theory is unstable in two respécts defeasible and it is
augmentable.
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(Laudan and Leplin 2002, 365)

Similar to the range of the observable, the rangéhe auxiliary content is variable.

Laudan and Leplin recognize that new auxiliary agsiions could be added to, and the
existing auxiliaries could be removed from, theotietical systems over time. This fact
suggests that the empirical equivalence of any fiwal theories is not warranted as
claimed by relativists. It is so because when aewiliary assumptions are added to, or
removed from, a theoretical system, the observaticonsequences deriving from the
auxiliaries also change accordingly. Thus, thenea warranty that two once empirically
equivalent rival theories could share the same eoapicontent when the class of

auxiliary has changed over time.

By appealing to these three theses (VRO, NAP, @) lin attacking the thesis of
empirical equivalence, Laudan and Leplin do not enakplicit the point whether they
have interpreted the empirical equivalence as apoeah or an atemporal thesis.
However, it appears that the VRO and IAA are takerbe the temporal thesis, for
Laudan and Leplin assume that the range of obskxwadnd auxiliary assumptions
changes over tinfe It is so interpreted by Kukla in his articlesufida 1993; 1996) which
aim to defend the empirical equivalence thesisdiyting Laudan and Leplin’s argument.
Laudan and Leplin’s argument differs from its anoeby introducing a temporal
dimension: even ifT; and T, have the same empirical consequences under the
current auxiliaries, this fact would not establish theiméless empirical
equivalence, since there are possible states ofefugcience in which the new

auxiliaries permit an empirical discrimination bem them to be made.
(Kukla 1996, 143)
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Kukla adopts two strategies in his defense of theigcal equivalence thesis. First, he
demonstrates that Laudan and Leplin’s repudiatibthe empirical equivalence thesis
fails to achieve the intended aim. He contends thare is no sensible reason for
rejecting the empirical equivalence thesis evendaau and Leplin’'s argument is
plausible. Second, Kukla provides a reason forpiteg the empirical equivalence
thesis by demonstrating that there are indefinitagny empirically equivalent rivals,

which could be constructed in an algorithmic wayany theory.

Kukla’'s defense of empirical equivalence is baspdnuthe assumption that Laudan and
Leplin’s arguments contain a temporal dimensiomf iB, the theses of VRO and IAA
have implicitly granted that there is a possibiliy any theory to be observationally
discriminated from its rival over time This temporal dimension of the range of
observables and auxiliaries, according to Kuklglies a relation between time-indexed
theories; that is to say that the epistemic stafua theory is time-dependent. It is so
because the range of observables and auxiliarieesvan the course of scientific
development. To refer to the epistemic statustbieary, according to Kukla’s construal
of time-indexed theories, one need to locate thaustof that theory’s observables and
auxiliaries in time. Kukla’s indexical construdllcaudan and Leplin’s argument is well-
established because it is consistent with theuraents that the range of observables and
auxiliaries changes over time.

Alternatively, however, one could say that Laudad &eplin’s point about non-

fixity demonstrates that the notion of empiricaliglence needs to be construed

as a relation between indexed theories —i.e. tept®nsisting of a theory, a

partitioning of phenomena into observables and olmservables, and a
specification of the permissible auxiliaries.
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(Kukla 1993, 2)

Kukla’s indexical construal of Laudan and Leplirdsgument is further supported by
their claim that the notion of empirical equivalenmust be relativized to a particular
state of science. Such state of science, appgréras a temporal dimension, and thus
theory is inevitably time-indexed. Laudan and liegtate that:

. any determination of the empirical consequenes<lof a theory must be
relativized to a particular state of science. \Wkeri that empirical equivalence
itself must be so relativized, and, accordinglyattlany finding of empirical
equivalence is both contextual and defeasible. s ™uintextuality shows that
determinations of empirical equivalence are noueely formal, a priori matter,
but must defer, in part, to scientific practice.

(Laudan and Leplin 2002, 366)

Kukla argues that Laudan and Leplin’s theses of \ER@ IAA, as they are time-indexed,
are not convincing to compel the proponents of ¢ngpirical equivalence thesis to
change their mind; for at best it just forces theppnents of empirical equivalence to
“substitute a relativized notion [i.e. time-indeaiaotion] of empirical equivalence for
their absolute notion, but that it leaves everygheise in the received view the same.”
(Kukla 1993, 2) What Kukla implies is that LaudamdalLeplin’s argument about the
variability of the range of observables and ausi#i® does not make empirical
inequivalence prevalent in science as time goes lhyis because as theory is to be
interpreted as time-indexical, its epistemic stasusorresponding to the observables and
auxiliaries, which are also time-indexical. In apgrticular point in time, any theory
always has its empirically equivalent rivals. Altlgh empirically equivalent theofly

andT, may be distinct as new evidences accrued and ogivagies added, they are still

doomed to be empirically equivalent with some oftreals at any temporal point. To

315



illustrate, assume that theofy and T, are empirically equivalent at tinte Although
both theories may be empirically distincttat it is plausible thafl;, and T, are now
empirically equivalent to some other theory, 3gyandT,, respectively. Consequently,
the range of the candidates for theory choice 8 &hrying across different temporal
points. Despite the candidate of theory choiadifferent at different point of timerg-T,
pair att;; T;-Ts pair andT,-T, pair atty), the thesis of empirical equivalence is still
undefeated.
Suppose that | believe that for every thedrythere is an empirically equivalent
theoryT,, and that | am confronted with their [Laudan areplin’s] argument.
The fact that the auxiliaries can change might inmpe to reconstrue the notion
of empirical equivalence as a relation betweérmtiexedtheories—i.e., couples
consisting of a theory and a specification of teengssible auxiliaries. But there
is nothing in the argument that would force me iegup the view that every
indexedtheory has empirically equivalent rivals with $eme index.
(Kukla 1996, 142)
According to Kukla, admitting the variability of sbrvables and auxiliaries does not
force the proponents of empirical equivalence @ gip their view. For the phenomenon
of empirical equivalence is still valid between ¢simdexed theories.
... if you believed that every theory has empiricgligalents before encountering
Laudan and Leplin’s objections, then you should rm@heve that every indexed
theory has empirically equivalent theories with slaene index.
(Kukla 1993, 2)
Belief in EE [empirical equivalence] is the beltbht, whatever the new theories
may be, it will always be possible to find (etejrexhpirical equivalents to them.
(Kukla 1996, 144)

Kukla’s indexical interpretation of Laudan and Ligf# argument not only demonstrates

that the admission of the variability of observabind auxiliary assumptions fails to
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refute the thesis of empirical equivalence; it g@lsosuasively confers an a priori status to
empirically equivalent theory—which is a relativisinet opposed explicitly by Laudan
and Leplin. As widely agreed by philosophers, xidality always “generate certain
kinds of a priori truths” (Cappelen and Lepore 20@Z6), because “indexicals are
linguistic expressions whose meaning remains stailiée their reference shifts from
utterance to utterance.” (Cappelen and Lepore 2Q@2) Kukla’s use of temporal
indexicality sets the empirical equivalence of tiwa@l theories on a fixed temporal point
(e.g., timet;). He argues that by referring to a particulargenal index (e.g., timéy),
there always exist some theodfFy which is empirically equivalent to some rivel. By
admitting Laudan and Leplin’s argument of the Maitiey of observables and auxiliaries,
the fact thafl; is empirically distinguishable froffi, does not break the state of empirical
equivalence at another temporal index (e.g., tighefor T, is inevitably empirically
equivalent to some other rival, sdy at the new temporal indets. Hence, we may
safely conclude that at any temporal indgx there always exist some empirically
equivalent theories in science. As such, we m#sfysaonclude that, although it was not
spelled out by Kukla, empirical equivalence of thyeds an a priori phenomenon.
Notably, we arrive at this a priori conclusion lnatting Laudan and Leplin’s claim that
observables and auxiliaries are changeable oveg, tirat defeat their claim that the
empirical equivalence thesis is untenable on ami@ipround. Laudan and Leplin’s
argument is too feeble to rebut Kukla’'s defens¢hefempirical equivalence thesis, for
their claim on the variability of observables antifiaries is characterized by temporal

indexicality.
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Laudan and Leplin have recognized the robustne&sikia’'s argument. They objected
Kukla’'s temporal indexical reading in their subsewjureply (Leplin and Laudan 1993),
claiming that empirical equivalence should alwagsrierpreted as an atemporal thesis.
EE [Empirical Equivalence] is clearly intended, pyoponents and detractors
alike, as an atemporal thesis, and we have sopneted it. It denies for any
theory the possibility of (ever) observationallygctiminating it from some rival
theory.
(Leplin and Laudan 1993, 8)
According to Leplin and Laudan, empirical equivaerns an atemporal thesis because it
is a claim that denies the empirical divergenceobs$ervational consequence class,
whereby this denial is independent of temporalityhat is, regardless of being at any
temporal point, the meaning of empirical equivalence is invagabl'hey argue further:
Thus suppose that two rival theories have hithappeared to have all the same
empirical consequences. If we now discover a fEstormable or not, for which
those theories predict different outcomes, the lusen is that they are not
(atemporally) empirically equivalent after all, ndtat they are no longer
equivalent or would no longer be were the testqraréd.
(Leplin and Laudan 1993, 8)
Leplin and Laudan attempt to defend in a way tmapigcal equivalence, as a concept,
does not have temporal attribute in its meaninbatTs to say, the meaning of empirical
equivalence is not changeable with time. Howetlery sometimes confused between
the invariable meaning of empirical equivalence dredempirical state of theories. They
seem to imply that we should judge the empiricatesiof two rival theories at some
temporal pointt, regardless of whether these rivals are empiyicatjuivalent in the

earlier temporal point. From the quoted paragrapbve, it appears to them that

although two once empirically equivalent rival thes could evolve to become
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empirically inequivalent as time goes by, such gitgon does not endure in time. The
transition is discrete. Suppose that thebrys empirically equivalent witd, at timet;,
they may be empirically inequivalenttat For Leplin and Laudaiy is not “becoming”
empirically divergent fronT,. It is because, according to Leplin and Laudatenaporal
transition requires differential change Bf and T,. However, both rivals must change
identically. Thus, the non-differential changetwb theories leads Leplin and Laudan to
claim that the empirical equivalence is atemporal.

If two theories are empirically equivalent, therithobservational consequence

classes can never diverge; the content of theirmieon) observational

consequence class can change, but it must chdeggcally for both theories.

(Leplin and Laudan 1993, 8)

Leplin and Laudan imply that a previously proclatmempirically equivalent pair of
theories, which later turns empirically inequivdleshould not be interpreted as
“becoming empirically inequivalent”. Instead, thegplicitly maintain that one should
judge the empirical status of rival theories aated temporal point; for they hold that the
empirically-equivalent-turned-empirically-inequieat theories “are not (atemporally)
empirical equivalent after all” (Leplin and Laudd@93, 8) at a later temporal point.
They intend to demonstrate, though they fail to enellear, that the meaning of a concept
(i.e. empirical equivalence) is not changeable wiitie. They further take it for granted
that the empirical status of two rival theoriesa@ evolving with time. What makes a
pair of empirically equivalent rival theorigsirn empirically inequivalent is not an
epistemic transition. Though Leplin and Laudanrda claim that it is a cognitive

transition, their argument seems to favor this iese For they imply that a final
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judgment on the empirical status of rival theosbsuld be made at some later temporal

point.

However, Leplin and Laudan’s defense is unpersealacause of two reasons. First,
they ignore the fact that the empirically-equivélamned-empirically-inequivalent
theories have endured in time, fromto t,. Though they are right in saying that
empirical equivalence, as a concept, is invariablés meaning in time, they are wrong
to conclude that the rivals are not undergoingditaon in the observational consequence
class in time. Second, Leplin and Laudan’s defens$eeble in the sense that there is no
way to identify the best judgment timhghen confronted with two empirically equivalent
rival theories. As required by their argument, ®vopirically equivalent rivals should be
judged at some later time so that one may conciutieey are eventually empirically
inequivalent. But when is this judgment time?isltmpossible to set this later temporal
point because two rivals may be empirically equamalforever. Furthermore, it is also
possible to have a case where two empirically-eqjant-turned-empirically-inequivalent
rivals turn empirically equivalent again as sciepoegresses. Leplin and Laudan’s hope

to have a final judgment on the empirical status\al theories is indeed hopeless.

Leplin and Laudan’s reply to Kukla fails to justifiye claim that empirical inequivalence
of rival theories is prevalent in science. Theafahse is centered on the analysis between
two particular rival theoriesT; and T, along the scientific development, which leads
them to conclude that these two theories may beirgmalty inequivalent as new

empirical evidences are added and the range ofiayxassumptions is augmented.
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However, Kukla argues in another way that althotigdse two theoried); andT,, may
be empirically inequivalent as time goes by, thermenon of empirical equivalence is
still prevalent as these theories may be empisicadjuivalent with some other theories,
say Tz andTy, respectively. For Kukla, Leplin and Laudan’swargnt of the variability
of observables and auxiliaries does not expel tirenpmenon of empirical equivalence
from science, although he may agree with Leplin Baddan that garticular pair of
empirically equivalent rivals may be turned emgilig inequivalent. If Kukla is right,
underdetermination of theory by data would be pgexwaand the rational theory choice

would be impossible for at least some theories.

However, Leplin and Laudan have their point in tltefense against the relativism and
the impossibility of rational theory choice. Lawudeaims that a sensible and consistent
relativist must hold an extreme claim that “thererseverobjective grounds for choosing
betweenany two theories” (Laudan 1988, 118). This extremainsl warrants the
impossibility of objective theory evaluation, theyesupports relativist tenet in the
problem of theory choice.
If relativism is to have any teeth in it, it mussart thatall genuine theories are
on a par epistemically. More importantly, if thelativist commits himself to
anything less than such a thesis, then he is,fecttefacknowledging thagome
theories are objectively superior to certain otheSuch an admission would

undermine the force of the relativist's challengethe objectivist element of

traditional epistemology.
(Laudan 1988, 119)

In Leplin and Laudan’s reply to Kukla’'s attack, yheomehow successfully show that

rational theory choice is possible for at least samal theories. As time goes by, the
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empirically equivalent rivalsl; and T, may turn empirically inequivalent, where the
rational choice is possible betwegnandT,. Although Kukla holds that the empirically-
equivalent-turned-empirically-inequivaleiif and T, are always in a state of empirical
equivalence with other theories (e1g. and T4, respectively), he does not demonstrate
that it is a fact in science. Kukla’s point is smow ad hoc, and it was recognized by
Hoefer and Rosenberg as “bizarre construction” stmalld not be counted as genuine
rivals (Hoefer and Rosenberg 1994). Furthermorekld&s argument does not fully
support a consistent relativist account even if admit his claim that empirical
equivalence is always prevalence in science. @&odemonstrated by Leplin and Laudan,
Kukla’'s argument does not prevent the empiricabunealence between any two rival
theories. Consequently, rational theory choicat ieast possible faomerival theories.

It is sufficient to defeat the relativist claim ththere are no objective grounds to arbitrate
betweeranytwo theories. Moreover, even if empirical equarale is the case in science,
the problems of underdetermination and theory @hai® not necessarily follow
(Stanford 2001; Laudan and Leplin 2002) becauseiremapevidence is not the only

factor in arbitrating between two rival theories.

Whether Kukla’s argument of the prevalence of eiogirequivalence is a fact in science
can indeed be disputable. One may reasonably ttaséoubt whether there are genuine
cases of empirically equivalent theories in scienemefer and Rosenberg concur with
Leplin and Laudan that one should not consider eptually equivalent rival theories as
genuine rivals, because these theories do not @asglite it makes sense to believe their

existence given the fact that they entail the samé@ence (Hoefer and Rosenberg 1994).
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Such theories are spurious rivals because one nvaglly conceive of infinitely many
conceptually equivalent rivals to any particulagdhy. This issue will be discussed in the

next section.

5.3 Algorithmically Generated Rival Theories

Contra to Leplin and Laudan, and Hoefer and Rosenbéukla is well-known for his
firm stance in maintaining that empirically equeal rivals can be generated
algorithmically to any theory in science, each dfieh is not epistemically trivial, and
hence should not be dismissed in the debate ofutiteerdetermination thesis. His
arguments were elaborated at length in his papg€&83( 1996, and 2001). Strikingly,
Kukla endorses a strong version of algorithm theaofryempirically equivalent rivals,
claiming that an algorithm can be constructed toegate “indefinitely many empirical
equivalents to any theory” (Kukla 1993, 1). Kuldempts to demonstrate that such an
algorithm is universal, which is not invented bynhbut “it seems to belong to the
philosophical public domain.” (Kukla 1993, 4). Adtmg the prevalence of the rival-
generating algorithm, Kukla intends to show that pfnenomenon of underdetermination
is prevalent in science. Notably, Kukla’'s attribat of the algorithm as prevalent in
“philosophical public domain” seems less convinciagshow that this algorithm is real
and has scientific significance. In fact, Kukl@sggument would be more robust if he
claims that the rival-generating algorithm belomgs$ only to “the philosophical public

domain” but also to the scientific public domain.
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In his 1993 paper written in response to Laudan &eglin’s famous Empirical
Equivalence and Underdeterminatidfukla’s proposal of a rival-generating algoritlign
a gambit that provides a reason for accepting thpirical equivalence thesis which is
rejected by Laudan and Leplin. Algorithmically geated empirically equivalent rival
theories may motivate relativism, which is a scen#rat concerns Laudan and Leplin.
For Laudan and Leplin, the proposal of a rival-gatieg algorithm is an instrumentalist
move that does not yield genuine rivals to anytexdstheory. Despite the possibility of
such algorithms producing empirically equivalentlts, Laudan and Leplin are skeptical
about their empirical success, given the effectstha variability of the range of
observables and the instability of auxiliary asstioms in the course of scientific
development (Laudan and Leplin 2002).
Another approach is to construct an algorithm faenerating empirical
equivalents to a given physical theory... For examiblere exist instrumentalist
algorithms for excising the theoretical terms athaory without empirical loss.
Whether such algorithms are in fact successfuémslered highly dubious by the
premises of our argument. It is by no means c¢legra theory’s instrumentalized
version can match its capacity for empirical commeibt, once the role of
auxiliaries in fixing such commitment and the vhiidy of the range of the
observable are acknowledged.
(Laudan and Leplin 2002, 368)
According to Laudan and Leplin, algorithmically geated empirically equivalent rivals
fail to attain the same empirical success of theuges scientific theories. It is because
the algorithmic rivals cannot account for the nescdveries, as new observables and

auxiliaries are added to the knowledge base irctiuese of scientific development. As

Laudan and Leplin put it, they are “univalued”, dese they operate on the original
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theory (Leplin and Laudan 1993). This limitatios further evidenced by their
incapability to produce new applications as timegby.
At most a theory’s instrumentalized version carhblel empirically equivalent to
it relative to a circumscription of the observalaled a presumed or intended
domain of application. But while theories fix thewn intended interpretations,
they do not fix their own domains of applicatiomy rihe resources for detection
of entities they posit. Algorithmically excisedfesences may pick out entities
that become detectable. New applications may avide changes in collateral
knowledge. Indeed, it is a measure of a theorytscass when posited entities
acquire a technological role, and applications \idrich the theory was not
designed become possible.
(Laudan and Leplin 2002, 368)
Notably, the example of algorithm given by Laudad &eplin is a type of algorithm that
generates empirically equivalent rivals which havesser theoretical content than their
original theory. These rivals are generated wiaeghanism of excision of the theoretical
references. Hence, this reflects the lines of ghowf Laudan and Leplin that the
algorithmically generated rivals cannot produce ragplications, and thus apparently
inferior to the original theory. It follows thatése inferior rivals are not a real rival to a
given theory because they are not on the same patemically. Despite these
algorithmic rivals are empirically equivalent togaven theory, theory choice is not an
issue here because these rivals are not genuimetoithe original theory. As argued by
Laudan and Leplin, one does not need to worry atfmiindefinitely many empirically
equivalent rivals to any theory, for they are nehgine rival theories. If anti-realists are
to rely on algorithm thesis in their argument foe universality of underdetermination of

theory by data, they will soon find that the undgedmination thesis is untenable given

that any algorithmically generated rivals are renigne scientific theory.
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Hoefer and Rosenberg against Laudan and Leplirdg/ \that there exist no empirical
equivalence of any theories (Hoefer and Rosenb@®g)L This view is too strong to the
extent that Laudan and Leplin have ruled out “asuges rivals theories that are
conceptually or logically equivalent... and instrurtadized theories that strip away some
or all of the unobservable structure from an emgstiheory.” (Hoefer and Rosenberg
1994, 596). Apparently, Hoefer and Rosenberg stiaecommitment of Kukla that
conceptually or logically equivalent instrumentatizalternatives are the genuine rivals,
but they diverge on two points. First, Hoefer &wabsenberg do not take Kukla’s view of
algorithmically generated rivals seriously. Thégimm that empirically equivalent rivals
to a given theory can emerge naturally. Secon@fétcand Rosenberg do not share with
Kukla (and Laudan and Leplin) the meaning of geeness for empirically equivalent
theories. For Kukla, algorithmically generated @mplly equivalent theories are always
genuine; while it is not the case for Hoefer andgétderg. To count a theory as genuine,
according to Hoefer and Rosenberg, one has to aensihe ontology of the
corresponding world. Two kinds of theory have bpesposed by Hoefer and Rosenberg

that correspond to the ontology of the actual wdddal and global theories.

According to Hoefer and Rosenberg, the distinctbiocal and global theories needs to
be made in order to better articulate the thesis eofpirical equivalence and

underdetermination. Local theories are partial medmplete from the perspective of a
unified theoretical system. Global theories, andkther hand, are “systems of the world”
(Hoefer and Rosenberg 1994). These global theargesnified theoretical system which

is sufficient to account for all phenomena in tltual world. Newtonian mechanics,
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guantum mechanics, and general relativity theoeyaamong the examples of the global

theories (Hoefer and Rosenberg 1994).

Hoefer and Rosenberg argue that the thesis of datsgmination of theory by data does
not hold in the case of local theories. It is dyripecause these local theories are partial
and evolving. Given two empirically equivalentaivocal theories at a point of time, the
state of empirical equivalence will be dismissedhia future as science progresses. This
can be accounted by the fact that local theoriesad@orrespond to the systems of world,
for the former is partial while the latter is comi@. Hence, Hoefer and Rosenberg
conclude that the theses of underdeterminatioreamalrical equivalence are not an issue
in local theory. From the perspective of localditye Hoefer and Rosenberg concur with

Laudan and Leplin that empirical equivalence isancgal threat in science.

However, Hoefer and Rosenberg claim that undenshtation of theory by data is
unavoidable in global theories. They criticize dan and Leplin for not seeing this
threat in science. Underdetermination of globabties is characterized by the fact that
all possible evidences that constitute the so-ddlsystems of the world” are equally
supporting the logically distinct global theorie3he global theories are complete and
“comprehensively account for all observations—pasésent and future” (Hoefer and
Rosenberg 1994, 594). Notably, Hoefer and Rosgntmmrfer the global theories a status
of final truth. It is not sufficient for a globaheory to entail all possible and actual
phenomena, indeed, it must be empirically confirragd true theory that corresponds to

the systems of the world.
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By contrast, the thesis of underdetermination cfotly by evidence is about

empirically adequate total science; it is a thedisut what Quine calls “systems

of the world"—theories that comprehensively accdntall observations—past,

present and future. It is a thesis about thedhas entail all and only the true

observational conditionals, all the empirical regilles already confirmed by

observation and experiment.

(Hoefer and Rosenberg 1994, 594)

Hoefer and Rosenberg’s characterizing global thesryrue theory makes their account
of empirical equivalence differs from that of Landd.eplin and Kukla. Because all
global theories are true, the emergence of gerenmgrically equivalent global theories
would render science in a serious threat. LauHaplin and Kukla do not stipulate that
empirically equivalent theories must be true. &am, the issue is whether empirical
equivalence holds between any given theories, aheéther any two empirically
equivalent rivals (if any) are non-trivial epistemilly. This difference between Laudan-
Leplin-Kukla and Hoefer-Rosenberg lies in the fécat the former authors do not
consider the theory completeness that the lattdroasi do. In their discussion of the
thesis of empirical equivalence, the former authorgard theory as an evolving
epistemic entity, while the latter authors view kb theory as a completed edifice.
According to Hoefer and Rosenberg, global theasomplete theories are empirically
adequate, which entails all the past, present anlef evidence. This view of empirical
adequacy of global theory leads Hoefer and Rosgrberepudiate Laudan and Leplin’s
argument of the Variability of the Range of Obséleathe Need for Auxiliaries in

Prediction, and the Instability of Auxiliary Assutigns (See Section 5.2 for a detailed

discussion).
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Once we have acquired empirically adequate systeimthe world, that is,
theories that account for all observable eventg, sath variability becomesx

hypothesimoot. Either this variability has ceased, or d@me remains, this
variation is assumed not to lead to conflict witte tsystem of the world in

guestion.
(Hoefer and Rosenberg 1994, 597)
Given a purported system of the world, no suchlauigs are either available or

needed. The theory wilix hypothesinclude all the resources needed to derive
observations, and no auxiliary theory could be ddideincrease its observable

consequences.
(Hoefer and Rosenberg 1994, 597)

Because Hoefer and Rosenberg claim that globalideare true and complete, it is
natural for them to conclude that algorithmicallgngrated rival theories are trivial and
spurious. For them, theory choice is not a problenen a scientist is faced with an
algorithmically generated rival to a given globlaéory. She is expected to discard the
algorithmically generated rival, because it is afenior redundancy of the original, true
global theory. Hoefer and Rosenberg even callaligerithmically generated theory a

“cheap trick”, because this alternative theory ¢t distinct compared to the original

theory.

Other examples of cheap tricks would be theoriesifitated with Goodmanized
predicates, instrumentalized theories that makevalpnt predictions by simply
discarding the unobservable substructure, theodessisting of only the
observation conditionals derived from the origiraadd so on.

(Hoefer and Rosenberg 1994, 604)
According to Hoefer and Rosenberg, the problemhebty choice comes into picture
when two empirically equivalent global theories dwgically incompatible, and the
“world must admit of at least one empirically adatgu total theory.” (Hoefer and

Rosenberg 1994, 604) In addition, “all actual obalele phenomena must be captured.”
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(Hoefer and Rosenberg 1994, 605) These conditimnsthe genuine empirical
equivalence of global theories are not without pots. First, in view of the fact that
Hoefer and Rosenberg take the system of the warlal anified reality, it is inconsistent
for them to claim that there exist the non-algomitally generated empirically
equivalent global rival theories (e.g. Newtonian ddi@nics vs. special theory of
relativity). Because global theories, accordingHoefer and Rosenberg, are true and
complete, choosing between them does not makeeaotapistemic difference. Theory
choice is underdetermined by the rival global tresothat are equally true and complete.
Besides, it remains a puzzle how two equally tno@é eomplete theories could be rivals
in the first place. If, according to Hoefer andsBoberg’s lines of thought, global
theories are stipulated to be true and correspontte reality, it would be absurd to
obtain two rival global theories that are both thug incompatible in their world picture.
Hoefer and Rosenberg have two options: either &y tadopt a relativist position by
claiming that there are more than one true theaoesesponding to the world; or (2) they
should discard their claim that empirical equivakerand underdetermination of theory
by data do arise in global theories. If they addpt they would come to a conclusion
that rational theory choice is impossible in theefaf two rival global theories. However,
if they adopt (2), it would undermine their mainextive in demonstrating that empirical
equivalence and underdetermination of theory bg da¢ a real threat in global theories.
Considering the fact that they have rejected tlesithof underdetermination of theory by
data in the case of local theories, the underdétation thesis will be dismissed as false

issue if they have repudiated the case in glokedribs.
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Hoefer and Rosenberg raise another possible protilainmay lead to the dilemma of
theory choice: the adherence of the world to tikeddexcluded middle. They hold that
two incompatible global theories are always takiifferent side in the law of excluded
middle. It is clear that they are mistakenly edieg the law of excluded middle in
propositions to the reality. The world that weablt does not follow strictly the law of
excluded middle. Most physicists describe theityeak chaos, and they regard the data
collected from experiment as fuzzy. Besides, spmesical theory (e.g. quantum physics)
does not, as assumed by Hoefer and Rosenbergsithkén the law of excluded middle.
A famous thought experiment in quantum physics, ehrédinger’s cat, is most
illustrative of this example. According to thisotight experiment, a cat that is kept
inside a box equipped with a particle detector eatloactive elements could be said
dead and alive, at a particular point of time. sTiwo conflicting states—dead and living,
are equally real at the quantum level, and theuttes) living and dead bodies both
actually exist in different ‘branches’ of realit{Tappenden 2004, 158). Apparently, the
example from quantum physics seems to advanceethgvist view on theory, that is, a
theory which favors the dead cat is equally true &iseory which favors the living cat.
Both theories are incompatible yet they are underdened by the evidence—the
observation that the cat is dead and alive at @ineestime. In this example, the law of
excluded middle does not hold, yet the evidencedbasational theory choice is
impossible. For the law of excluded middle, asndaghe example of Schrédinger’s cat,
is not a necessary condition that leads to thelpmolof theory choice. Theory choice
becomes a problem when one is faced with a rewaiiy incompatible quantum states

(e.g. dead cat vs. living cat which are equally)redf, as claimed by Hoefer and
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Rosenberg, the problem of theory choice is the equsnce in the face of competing
global theories, they have to admit that the uytlegl conflicting reality is a contributing

factor to the dilemma of theory choice. This imeplithat they have to abandon their
claim that the reality is a unified system of wotltht adheres to the law of excluded

middle, consequently leading them to relativism.

As | have argued that Hoefer and Rosenberg’s cthah empirically equivalent global
theories lead to the problem of theory choice defansible, | return to discuss whether
algorithmically generated theories present a genuiroblem of theory choice. As
mentioned above, Hoefer and Rosenberg view theitlgacally generated theories as
“cheap tricks”, which they claim that one should norry about it in scientific practice.
Stanford has developed Hoefer and Rosenberg’sndiitn between local and global

theories in his discussion of Kukla’'s algorithmitasegy.

Stanford has categorized rival-generating algorgthimto local and global varieties
(Stanford 2001). The difference between theseritiigos lies in the source theory from
which empirically equivalent rivals can be produce@lobal algorithms can “produce
empirical equivalents from absolutely any theor§tanford 2001, S2), whereas local
algorithms can produce empirically equivalent sveilom a particular theory (Stanford
2001). Despite both types of algorithm can prodacenfinite number of empirically

equivalent theories, Stanford claims that both gla@nd local algorithmically generated
theories are trivial. Global algorithms lead tort€sian skepticism, while local

algorithms do not demonstrate the ability of getiegasubstantial theories.
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But this [Kukla’'s global algorithm] is beside theipt, | suggest, fowhether or
not such farfetched scenarios are real theories theyuat to no more than a
salient presentation of the possibility of radicalCartesian skepticism. While
many contemporary philosophers are inclined to tgti@ irrefutability of such
skepticism, underdetermination was supposed toesept a distinct and
important problem, arising perspicuously in the te@h of scientific theorizing
about inaccessible domains of nature and trouldire; those who never hoped to
defend their scientific beliefs to the truly radicskeptic Thus, if Cartesian
fantasies are the only reasons we can give fongaknderdetermination seriously,
then there simplys no distinctive problem of scientific underdetermimatito
worry about, for the worrjust isthe familiar specter of radical skepticism.
(Stanford 2001, S3)

But such [local algorithm generated] empirical eqlents prove too little. The

sensible realist will surely insist that we are ia&re faced with a range of

competingtheories making identical predictions about theesiable phenomena,

but instead just aingletheory being conjoined to various factual clairbewt the

world for whichthat very theoryalong with the auxiliary hypotheses we accept)

implies that we cannot have any empirical evidence.

(Stanford 2001, S4)

Stanford’s primary concern about scientific thesryot whether it is real (or useful), but
whether it is free from Cartesian skepticism. Ahgories with a flavor of Cartesian
skepticism are classified as trivial theories. sTisian adventurous move, because there is
a possibility that a real or useful theory will Hescarded as trivial due to that theory
being too “skeptical’. Notably, Stanford’s use tbk term “Cartesian skepticism” or
“skepticism” is different from the common understary of skepticism. By
“skepticism”, Stanford refers to a theory whichas “all-purpose alternative to any
theory” (Stanford 2001, S2). The “skeptical” theas generated by global algorithm.
According to Stanford, this Cartesian skepticism b& found in Kukla’s omnipotent
algorithm which has the capacity to generatingnitdly many alternatives to any theory.

He calls this kind of algorithm a Cartesian fantaSyanford criticizes Kukla for allowing

the algorithm to generate infinitely many rival ¢hies which are, at least appearing to be,
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beyond the epistemic possibility. For it is toaddo be true that there are all-purpose

alternatives to any theory.

Global algorithms are designed to produce empiecglivalents from absolutely
any theory and are perhaps best exemplified by &sik|1996; see also 1993)
appeals to such all-purpose alternatives to angryh€ as T’ (the claim that T's
observable consequences are true, but T itselflge), T"(the claim that the
world behaves according to T when observed, butesepecific incompatible
alternative otherwise), the hypothesis of the Mskéhe debatably coherent
fantasy that we and our apparently T-governed warkl part of an elaborate
computer simulation), and the hypothesis of the iglaators (that our experience
is manipulated by powerful beings in such a wayocamake it appear that T is
true). Kukla devotes his efforts to defending sugftoposals from the
accusation... that they are not “real theories” at al
(Stanford 2001, S2-S3)

Notably, Stanford’s understanding of the genuinalrtheories is the ones which can
threaten the truth status of a given theory. Terrative theories which do not pose
threat to a given theory are not genuine rivatgnfdrd uses the Newtonian mechanics as
an example to elaborate the case of spurious thedries. He claims that one can
generate from Newtonian mechanics, denoted TN(@)inéinitely many empirically
equivalent rivals TN(v), “where v ascribes some stant absolute velocity to the
universe” (Stanford 2001, S4) . He contends that
...empirical equivalents of the TN(v) variety pose thoeat to theapproximate
truth of our theories: if the realist believes TIN{@hen one of the various TN(Vv)
obtains, most of her theoretical beliefs about the relevant domaill be
straightforwardly true. Thus, empirical equivakef the TN(v) variety show at
most that we would have been unjustified in takermy stand on the constant
absolute velocity of the universe, not in acceptimg other theoretical claims of

Newton’s theory.
(Stanford 2001, S4)
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According to Stanford, a spurious rival theory whis different from a given theory in
terms of their constants does not make a suffiadase to challenge the truth status of
that theory. However, this is not always true. ¥da imagine an existing theofywith

a constantc, which has less predictive accuracy compared waithalgorithmically
generated rivalT’ with a different constant. In addition, history of science has
demonstrated that introduction of new constants neaglutionize the existing theory.
Planck’s introduction oh constant is one of the most persuasive instanédanck’s
constant accounts for the behavior of black bodyataon, in terms of the proportionality
of the energy content of quanta to the frequencyhefradiation (Polkinghorne 2002;
Treiman 1999). Planck’s constant is contrary t® thassical explanation of radiation,
showing that Stanford’s claim that the differenceonstant does not make a rival theory
genuine is obviously untenable. Further, the algaically or non-algorithmically
generated constants of a rival theory can validlaée theory’'s genuineness if it is a
constant of nature. Planck’s constant, althougimight be conceived as spurious
according to Stanford’s definition of genuine thednas been proved to be one of the
constants of nature (Barrow 2007). Although Plamatonstant was not generated
algorithmically, it is somehow possible in prin@gdb be generated by Kukla’s algorithm,
which is omnipotent to generate infinitely manyatitheories with varying constants.
The plausibility of Kukla’s algorithm to generatéaRck’s constant is demonstrated by
the capacity of that algorithm to generate “indédlly many empirical equivalents to any
theory” (Kukla 1993, 1). There are infinitely maognstants that could be generated,
trivial but equally valid, for they are empiricalgguivalent. It is plausible that one of the

algorithmically generated theories is attributedhwiPlanck’s constant. Apparently,
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Stanford’s rejection of rival theories with varyingpnstants, and his accusation of
Kukla’s algorithmically generated theories, faits show that these theories are not a

genuine rival to a given theory.

So far it seems that algorithmically generated tiesocould serve as non-trivial rivals to
a given theory. Consequently, empirical equivadeatrival theories will be prevalent
and rational theory choice becomes impossible.refx relativistic consequences may
thus follow, because the capability of an algorittongenerate infinitely many rival
theories would lead to a scenario of Feyerabenthagthing goes” in theory choice.
Not only there are infinitely many true theoriebere are infinitely many pragmatic
options in the face of rival theories (e.g. infatyt many simple theory, elegant theory,
consistent theory, etc.). Conceivably, if rivahkgeating algorithm has any epistemic
significance (it seems so as Stanford fails toteeit), relativistic attitude will be the only
rational option in theory choice. It is becauseha face of infinitely many empirically
equivalent rival theories, realist and antirealsiteria of choice will not only be
underdetermined by empirical evidences, but alsonbg-empirical factors such as
simplicity, consistency and so on. This conclus®onceivably derived from the fact
that the omnipotent algorithm, which can genenafi@itely many rivals to a given theory,
can be extended to produce infinitely many emgireguivalents and non-empirical

equivalents (e.g. simplicity-equivalents, consisteaquivalents, etc.)

Of course, one may reasonably object the extenefothe algorithm’s capacity by

stressing that Kukla’s omnipotent algorithm wagiatly proposed to generate only the
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empirical equivalents. She may rebut that it 8 ¢ick, and illegitimate, to attribute
non-empirical equivalents to Kukla’'s algorithm. |&& | will show how the power of

generating non-empirical equivalents can be dedtroed Kukla’s algorithm.

Taking one of the algorithms that is advanced bkl&ufor any theoryT, construct a
rival T’ that entails all the empirical evidenceTofbut against the unobservable entities
of T. This is a general algorithm that is applicabl@any theory, as the constructed rival
T’ is empirically equivalent td yet incompatible withl. Applying the lines of thought
of this algorithm, we may construct a non-empirealiivalent (e.g. simplicity-equivalent)
to any theory, with the empirical equivalence presé (e.g. an empirically equivalent
rival theory with the same degree of simplicityaagiven theory). This is how it goes:
for any theoryT, construct a rivall that encompasses the empirical evidence and
simplicity of T, but against the unobservable entitiesTof As opposed td@ which has
constantc to account for unobservable entitié$,has constantl.  In this casel is
distinct from T in terms of the constant that accounts for thebsaosable entities.
However,U encompasses the same empirical evidence and defysmplicity asT.
Now we have a non-empirical equivalddtto T, which also preserves the status of
empirical equivalence. This algorithm may be edtghto construct other non-empirical
equivalents toT, such as consistency-equivalents and so on. o we have an
extended algorithm which has the capacity to predan infinitely many empirical
equivalents and non-empirical equivalents to amgotir. Consequently, we have an

infinitely many true theories and pragmatic theSrie Again, relativism ensued and
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anything goes in theory choice. For no matter wiiéria one is holding to in theory

choice, she will find infinitely many candidate aig that fit her criteria equally well.

Four objections may be anticipated. One may réat; unlike the empirical evidence,
the non-empirical factors such as simplicity is wautifiable, and thus there is no way to
construct a non-empirically equivalent rividl to any theoryT as shown above. This
objection assumes that non-empirical factors agditguwhich has no clear boundary for
a rival U to encompass. It is reasonable to claim thatitigsllike simplicity and
elegance are non-measurable by the equipments alisurd to say that from a given
theoryT, which hasx % of simplicity,U can be generated algorithmically to encompass
the same degree of simplicity. Though it is trhattthe non-empirical factor such as
simplicity is unquantifiable, this rebuttal doest ibreaten the fact that a rival can
encompass the simplicity of as a quality attribute. To make an analogy, aitmo
temperament is unquantifiable, one can easily iffenthether two persons possess the
same temperament from their behaviors. Anotheloggacan be found in mathematics.
An experienced mathematician can tell if a matherakproof is simple and elegant,

albeit she cannot reason it in a quantifiable way.

Another anticipated objection to the extended aflgor is that, given the claimed ability
of the algorithm to generate empirical equivaleantsl non-empirical equivalents to any
theory T, these equivalents do not surpdsm the evaluation of their merits. That is,
both T and its equivalents are equally valuable in teompredictive power, simplicity,

coherence, and so on. The critic may further cltiat the infinitely many empirical
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equivalents and non-empirical equivalentsTtare merely variants of. Even if one
admits that rational theory choice is implausilsighe face of equivalents ©§ he may
not be convinced by the claim that these equivalarg more valuable thdn The most
one can conclude is that these rival theories arthe par, from all aspects. The critic
may thus point out that, given the equal meritsghafse rivals, these infinitely many
equivalents are just a trivial variant of the amaitheoryT. He may thus suggest that we
can safely dismiss these equivalents without lbesause the merit df is equal to that
of its equivalents. The critic comes to the cosidn that the problem of theory choice is

solved following the dismissal of these equivalents

To reply to this objection, the relativist may ahthat the dismissal of infinitely many
equivalents tdl as trivial variation is a dangerous move, whictyrhader the progress
of science. She may point to the possibility #watalgorithmically generated equivalent
to T may appear to be more valuable thanwhen they demonstrate qualitative
divergence in outcomes. To illustrate, it is plalesto obtain an empirical equivaleRt
which differs fromT in terms of a constant. The constantRofmay result in a more
elegant mathematical form & or result in an improvement in the predictive lmecy
for R. This divergence in the outcome of two rival thes suggests that the equivalents
of any given theoryl can surpas$ in terms of theoretical merit. However, it doex n
make rational theory choice possible in the facthefcase that algorithmically generated
theory R is more valuable than the original thedFy For, relativists hold, there are
infinitely many equivalents generated by the algpon. Conceivably, we are ending up

with an infinitely many possible equivalents (eRg. R, ..., R) which are surpassingin
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terms of theoretical merit. Again, we are trappethin the dilemma of theory choice.
Contra to the suggestion of the critic to keepdhginal theoryT and dismiss all of the
equivalents, we now havEkreasonably dismissed (because of its inferionyst) facing

with a wide range of infinitely many competing algomically generated equivalents.

The third anticipated objection against the extenddgorithm is that, despite the
omnipotent ability of the algorithm to generateinitely many equivalent rivals to any
theory, one is not actually faced with infinitelyany equivalents at the momenivhen
she comes to make a decision on rival theorie® cFitic may argue that the momers

a finite moment, say, the moment in which a scgtmteeds to choose a theory to explain
the observed phenomena in an experiment. Dueetdirthitation of cognitive power, a
scientist is unable to consider infinitely manyalitheories at a finite moment Hence,
the critic may assert, the scientist will not beansituation of choosing among an
infinitely many rival theories, in each finite momeé. Further, we may conceive of a
situation where the scientist may face only witth@ory T and a non-equivalent riv&d
(say, inferior in terms of simplicity, or empiricabnfirmation) at a finite momerit a
moment which is lasted before the algorithm stgetserating any equivalent rivals To

In this case, argued the critic, theory choicedssible even we admit the prevalence of

the omnipotent algorithm.

To reply to this objection, which contends the tilagging of the algorithm in generating

equivalents to any theory, the relativist may claim that the production dicle

equivalent toT is not carried out in time. As soon as a giveeotly T has been
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formulated, an infinitely many equivalents are poed autonomously and
simultaneously, regardless of whether they have lbeeognized by a scientist. It is so
because the algorithm does not capture time asngst variable to produce the
equivalent rival theories. Because oiilys captured by the algorithm as input variable,
the produced equivalents do not emerge sequenitatipne. Contra to the arguments of
critic, a scientist who is in a situation of makiagheory choice at momentwill face
infinitely many equivalent rivals to any given tmgd. Rational theory choice is thus

impossible.

The last anticipated objection to the rival-genegatlgorithm is that it does not reflect
the actual genesis of rival theory in scientifiagiice. The critic may argue that one
cannot find such algorithm in the history of scienclf such algorithm is as robust as
what its proponents have claimed, it would havenbeged by scientists in the past to
generate various alternative theories when the watnig theory fails to account for the
physical phenomena. Yet its absence in the hisbbrgcience implies that it is just a
fantasy of thought, or being too trivial to havey agnificance in scientific progress, and
therefore being ignored by scientists. If oneigxamine the history of science carefully,
he will find that the rival theories to any thease generated in a non-algorithmic way,
which requires further experiments in addition ypdtheses. The experimental elements
of a rival theory are not stipulatable in an algon, for it requires the skill of an
experimenter. The critic may further claim thaty asuggestion that this omnipotent
algorithm is in principle plausible which may emerg the future will reduce the

omnipotent algorithm to a limited version. He magborate by arguing that if the
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algorithm did not exist in the past, say at timehe assertion that it may exist in a future
time t, will render the theory of algorithm inconsistenEor this posited algorithm is
attributed with the capability to generate infiblytenany equivalents to any theory at all
time. Such omnipotent capability is supposed todial at all time in order to qualify it
as a universal attribute. If a thedryvhich had existed in the past was not challenged b
infinitely many algorithmically generated rival trges, the universality of the algorithm
will be immediately questionable. Besides, the potent status of the algorithm is also
challenged because its absence in the past iseatsavidence of the impotence. Those
who claim that this algorithm, which is possiblepinciple or it may emerge in a distant

future, can hardly justify the universality and dpotence of this algorithm.

Relativists may reply to these lines of critiqueddopting two strategies. First, he may
contend that the algorithm did exist in the pagtibwas ignored (either consciously or
unconsciously) by scientists. The observatiorhefrion-existence of the algorithm in the
history of science is accountable by the fact thatas dismissed too early by scientists
as trivial. Further, the accusation of scientestd philosophers (e.g. Laudan and Leplin)
on the triviality of the algorithm is just the poito prove the existence of a rival-
generating algorithm. Besides, the relativist nmagintain that the non-usage of the
algorithm in the past does not diminish the unigkiy and omnipotence of the algorithm,
for the universality and omnipotence are bearinghenexistence of the algorithm, not on
its usage. In addition, the fact that the algonittvas not used in the past, due to the
prejudice or ignorance of scientists, does not yntipat its value will not be recognized in

the future, and thus become a norm of practice.thBy, the problem of rational theory
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choice will be prevalent. Recognizing the possielauttal that this problem will hinder
scientific progress, relativist may argue that tigezhoice is only possible in the relativist
context. Scientists now have more rival theorieschoose from, claimed relativist,
which would advance science in more than one plessiay, and perhaps in a better way.
The relativist may now conclude that, with the @ewce of rival-generating algorithm,
rational theory choice will give way to relativistiheory choice, which is more beneficial

to scientific progress.

5.4 Conclusion

This chapter starts with the question of whethatugee theory choice is possible in
science. Theories with distinguishable meritsaapeerequisite for rational theory choice.
The proponents of the thesis of underdeterminatiotieory by evidence claim that the
indistinguishable empirically equivalent rival tmms underdetermine rational theory
choice. To disentangle the route from empiricalieglence to the dilemma of rational
theory choice, Laudan and Leplin have rejected tio¢hthesis of empirical equivalence
and the inference from it to the thesis of undendeination. They warn that the thesis of
empirical equivalence has motivated relativism, dra$ a linkage with skepticism.
Laudan and Leplin has stressed that no empiriddeace could ground a theory if that

evidence is entailed by other rival theories.

Laudan and Leplin have proposed three theses tectrahe thesis of empirical
equivalence. All of them attempt to show that etopl equivalence is not a prevalent

phenomenon in science. The first proposed thedise Variability of the Range of the
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Observable (VRO). According to the VRO, the raofehe observable phenomena is
dependent on the state of knowledge and technalbgidvances. The range of
observable phenomena is expanded as knowledgesaehdologies progress. It is thus
expected that there will be no stalemate empigioadjuivalent rival theories as progress

has been made in knowledge and technology as tree lgy.

The second thesis against empirical equivalenteeidNeed for Auxiliaries in Prediction
(NAP). According to Laudan and Leplin, the NAPtstathat auxiliaries are needed to
supplement the theories to account for the obs&rvgihenomena. Empirically
equivalent rival theories may have different aaxigés which make them distinguishable
for theory choice. Rational theory choice is plalesbased on the judgment of different

merits of the auxiliaries.

The third proposed thesis against empirical eqaiva is the thesis of the Instability of
Auxiliary Assumptions (IAA). This thesis, accordino Laudan and Leplin, claims that
auxiliary information is as dynamic as knowledged ambservable. The range of
auxiliaries is augmentable and shrinkable as seigmogresses. Hence, rational theory
choice is possible in the face of the distinguisbatival theories in terms of the

changeable auxiliary assumptions.

Kukla has objected the dismissal of the thesismopigcal equivalence by Laudan and

Leplin. Despite Laudan and Leplin’s three thed3&R@, NAP and IAA) are meant to be

applied to any two fixed rival theories, Kukla haeatively applied them to any two non-

344



fixed rival theories in the course of scientificvé®pment. Admitting the variability of
the range of observables and auxiliaries, Kukla$dhat this variability does not change
the fact that any theory always has its empiricatjyivalent rivals at any given point in
time. Kukla’'s indexical interpretation of LaudamdaLleplin’s arguments not only
demonstrates that the admission of the variabibfy observables and auxiliary
assumptions fails to refute the thesis of empirieglivalence; it also persuasively

confers an a priori status to the prevalence ofiecafly equivalent theories.

To show that empirical equivalence is plausible andvoidable, Kukla has elaborated a
case where an algorithm can be found to generfitetéy many empirical equivalents
to any theory. This case has been presented itoB8ex3. The algorithm constructs
rivals by preserving the empirical evidence of eotly, yet incompatible with it. Leplin
and Laudan, and Hoefer and Rosenberg, have disinmssh an algorithm as trivial.
They claim that this algorithm is incapable of prohg epistemically significant rivals
to a given theory. Another criticism of Kukla’'sesis was made by Stanford who has
explicitly raised his worry about the introductiohwide-spread skepticism into science
by Kukla’s omnipotent algorithm. He concludes thiais algorithm is spurious and

should not be taken seriously.

However, Kukla’s opponents fail to show that theakigenerating algorithm could not
produce any non-trivial rival theory. In view dfet fact that the algorithm is omnipotent
in producing infinitely many empirical equivalentbere is a possibility that at least a

credible empirical equivalent could be generatedny given theory. The empirical
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equivalents would underdetermine rational theoicd Beyond the intention of Kukla,
such omnipotent algorithm may be extended to precwan-empirical equivalents (e.g.
simplicity-equivalents, elegance-equivalents, eto.)any theory. In this scenario,
scientific realists and antirealists would haveaadhcase to argue for rational theory
choice. Realists have no recourse to truth asriterion of theory choice. Antirealists
fare no better, for they cannot count on empiradéquacy, or other pragmatic criteria
(e.g. simplicity and breadth of application), agraund for rational theory choice. With
the prevalence of infinitely many equivalents, tlye@hoice is plausible only on

relativistic grounds.
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