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Abstract

In this paper | first point out the pluralist cangiion of science in general and of chemistry in
particular and then argue that it is inevitable fepistemological reasons. Once
methodological pluralism is accepted, many maiastr@hilosophical debates that are based
on methodological monism become futile, of which discuss “laws of nature”,
“reductionism”, and “scientific realism”. That stsfphilosophical debates to more useful
issues, such as the methodology of models, impgowmerdisciplinarity, and forms of
philosophical realism that are institutionalizedstientific practice. | conclude that pluralism
is the better way of doing and understanding seienc

1. Introduction

Much of today’s mainstream philosophy of sciencstik built on the normative assumption
that science should develop one comprehensiveagidally consistent image of the world.
Because there is only one world, science mustestarits perfect image to be pursued by the
best method, the primary rule of which requires ttwatradictory views should be avoided or
eliminated. For philosophers, methodology thus cambe known as the art of evaluating
competing images or theories, with the double iogtion that in the end one such method
could ideally lead to one perfect theory (methodmal monism). In contrast, scientists
consider methodology the art of raising and solvegistemic issues, from formulating
interesting research questions, to planning anddwting experimental research and
discussing their results. As diverse as the rebearethods are, as diverse are at least the
results.

Methodological pluralism, as understood in thipgra comprises both the diversities
of research approaches and the resulting viewshenworld. The case of chemistry is
particularly apt to illustrate pluralism of variokinds, such that this paper only adds to a
longer list of previous work (e.g. Bacheard 193bffrhann & Laszlo 1991, Chang 2012). As
pluralism slowly gains acceptance in mainstreamopbphy (e.g. Kellert et al. 2006),
chemistry is expected to attract more attentiorcabse there are valuable philosophical
lessons to learn from it.

In the following I will first point out the pluradt constitution of science in general and
of chemistry in particular and then argue thatsitinevitable for epistemological reasons
(Section 1-3). Once methodological pluralism isegted, many mainstream philosophical
debates that are based on monism become futileyhadh | discuss “laws of nature”,
“reductionism”, and “scientific realism” (Sectiods6). That shifts philosophical debates to
more useful issues, such as the methodology of Isodeproving interdisciplinarity, and
institutionalized forms of philosophical realismhél conclusion summarizes these and other
advantages of pluralism as the better way of damtyunderstanding science.

2. The Pluralist Constitution of Science

Science as a whole is a pluralist enterprise. astlsince the 19th-century, it regularly splits
into different disciplines, subdisciplines, ande@<h fields. Growing on average at an annual
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rate of 4-5 percent over several centuries, thebmuraf papers, scientists, fields, etc. roughly
double every 15 years (Price 1961). As a human avmlescience depends on the limited
intellectual and social capacities of its membHrgou want to keep up with the latest work,

you can read at most a few hundred or thousandrpapgear. However, in chemistry alone
more than one million publications appear annualbyered by Chemical Abstracts. If you

want to find agreements with your colleagues ontvalna important research questions, what
needs to be done or improved in the future, or wlabuld be standards of sound

argumentation and experimentation, you can pergodaicuss all that with hardly more than

a few hundred colleagues despite modern commuaicdéchnology. As long as science

grows and reading and discussing are prerequisfte®ing research, the fragmentation of
science is an unavoidable process.

On the one hand, the ongoing splitting follows i@isibn of labor. Different
subdisciplines study different subject matter aadetbp their own research questions as well
as their corresponding conceptual apparatus andotet Sometimes they focus on entirely
different objects, as did organic and inorganic nais&ry, such that under the common
umbrella of general chemistry the fields, neatlpasated, could complement each other
without competition or disagreement — before thee rof organometallic, metalorganic,
bioinorganic, biometalorganic etc. chemistry. Os,ia kinetics and thermodynamics, they
study the same objects, i.e. chemical reactionem frdifferent but complementary
perspectives. On the other hand, a field can gdBbup because there is disagreement on the
conceptual framework, such that one group prefamsva frame whereas the other sticks to
the old one. A case in point is the mid-20th-centseparation of molecular biology from
biochemistry. While the latter continued the stwdychemical processes in living organisms
in terms of reaction pathways, i.e. the transforomaand migration of matter, the former built
its disciplinary identity on the conceptual framelwmf information transfer (Fox Keller
2000). Given the rapid growth and unavoidable fragtation of science, it is likely that most
cases of conceptual disagreement and conflictiotluis kind of pattern. That is in strong
contrast to the winner/looser stories of PoppetirKand the like, who assumed that science
would always (have to) pursue unity by eliminatiosgmpetitors. While the received
philosophies of science have presupposed stricteginal unity in their own pictures,
including Kuhn’s notion that temporary crises tumto new types of “normal science”, the
actual science is the result of an ongoing prooé$sagmentation, because that has always
been the obvious way of solving conceptual disagese under the pressure of growth.

How much the received philosophy has left sciandbe dark comes to the fore in the
manifold obstacles faced by interdisciplinary reskaWhat once split into parts frequently
out of historically contingent reasons, is latequieed to collaborate on cross-disciplinary
iIssues that are increasingly posed from scienc&ypolhe barriers of cross-disciplinary
communication are enormous (Schummer 2008). Thas dwt only include differences in
knowledge and expertise, which a smart divisiotabbr management could possibly fix. In
addition, the same terms, like “molecules”, fregqlerhave different meanings in the
disciplines, depending on the theoretical conteaytare embedded in, which easily results in
misunderstanding and confusion. Moreover, discgdimiffer in the way they approach a
problem, what they consider a satisfying answesaund argument, and, more generally,
what counts as important research questions wasteupg. Thus, besides differences in
knowledge and linguistic meaning, disciplines halistinctive ideas about methods and
epistemic values that have steadily been develtpedgh internal discussion.

One cannot solve those serious problems by clgirthat the world consists of a
certain set of building blocks to be investigated @ universal scientific method, if the
building blocks and methods happened to be jush feosingle discipline. It does not help
either to hope that all problems will disappearthie future by a not yet found universal
Theory of Everything. Those who do so close thgeseto the fact that the development of
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modern science has been over several centurieg@éntation into an ever growing plurality
of scientific approaches with no interest at alhinniversal theory, but strong inclinations and
inner forces to continue so in the foreseeableréutBhilosophy of science would be better
off, and more useful, if it acknowledges and stadiee pluralistic constitution of science.

3. The Pluralist Constitution of Chemistry

What has been said about science in general comdsmly holds for a mega-discipline such
as chemistry. Regarding the number of publicatiohemistry has long been as big as the rest
of the sciences altogether (Schummer 2004). Theustmn of more than a million
publications per year requires a breakdown intadhetts of specialized fields, if results are to
be read and discussed in a scholarly manner. Mangiahs result from disagreement on
conceptual frameworks in the past. However, evensuth breakdowns were once
systematically achieved, later research frequebitlys or overcomes clear-cut boundaries, as
the outdated distinction between organic and imugahemistry illustrates. Rather than
being reunited, typically those fields each folldtweir own paths because they have
developed distinctive disciplinary approaches, aese goals, and conceptual frameworks.
Some focus on quantitative prediction as their megsearch goal, as in computer modeling.
Others are interested in explanation by, for insarstudying the mechanism of chemical
processes. Issues of classification, either oftamlogs or of reactions, dominate many fields,
whereas others look upon that from the specifioipoi improving synthetic capacities. There
are fields of chemistry studying phenomena thabainty do not occur outside the laboratory,
as well as fields that define their identity by teer areas of nature, like bio-, geo- and
astrochemistry, or of industrial application, sumh pharmaceutical or polymer chemistry.
Further, a broad range of chemical fields transgdisciplinary boundaries and adopt ideas,
aims, and methods from their neighboring scienldes physical chemistry and mathematical
chemistry.

While such a kind of pluralism might discomfortettmonist philosopher, it only
illustrates the manifold goals and uses of sciefibe. fact that the actual science pursues a
variety of epistemic purposes, other than the dleatdtruth of theories”, in an undogmatic
manner, makes it useful and flexible enough to esklcurrent and newly emerging problems.
Even if we zoom in and look closer at the concdpdpaaratus of individual fields, pluralism
shows up.

Hasok Chang (2012) has shown in much detail foeethmportant episodes in the
history of chemistry — the Chemical Revolution,lga&lectrochemistry, and the development
of atomic and constitutional chemistry — how pligtatompetition and interaction enabled the
successful development of central concepts anddtieal approaches in chemistry. Rather
than ending such competitions by electing a winobemists have frequently elaborated on
the competitors and turned them into alternativel@sthat are each tailored to specific aims
and research questions. An almost arbitrary lotk @memical textbooks reveals the obvious
(Schummer 1998a). In inorganic chemistry, for ine& various theoretically guided
concepts or models of what acids and bases argyatemvith each other, such as those by
Bragnsted, Lewis, Pearson, and many others. Yetdhgpetition is not about who is right or
wrong, but about where exactly which model is mageful in explanations and predictions.
Similar choices can be made between ligand theodycaystal field theory in chemistry of
complex compounds; between the models of Freundliahgmuir, BET, etc. in adsorption
theory; between collision and transition state tiieda chemical kinetics; between a huge
range of equations of state (from the simple idgal law, to the equations of van der Waals,
Peng-Robinson-Stryjek-Vera, and dozens more) imntbdynamics; between molecular
orbital, valence bond, and density functional tlyeior quantum chemistry, each including a
variety of specific models; etc.
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The case of molecular structure might illustrategHer how the pluralism of models
works in chemistry (Schummer 1998b). Since the béith century organic chemists have
developed classical chemical structure theory #ssigns to each compound a molecular
structure, based on its elemental composition &ednacal reaction properties. In this theory,
a molecular structure is not simply a spatial agesment of atoms, but an arrangement of so-
called functional groups that represent the sulostarchemical reactivities, which in turn are
modeled by a growing set of standardized reacti@ehanisms. The theory does not only
provide explanations and predictions of chemicalpprties, it also allows planning and
guiding chemical synthesis of hitherto unknown compls. Indeed, tens of millions of new
compounds have been predicted and synthesized dtyagiproach. In contrast, quantum
chemical modeling of molecular structure providasaue approach to the explanation and
prediction of electromagnetic and many thermodywaproperties, but is still rather poor
regarding chemical transformations. That is noy @ntheoretical division of labor according
to different kinds of properties to be dealt withdifferent approaches. The case of chemical
structure theory illustrates that chemistry is ooty about explanations and predictions.
Instead, theoretical concepts are also developddualyed here according to their potential
for synthesis, a major activity of chemists for isas, mostly nontechnological ends
(Schummer 1997, 2004). Moreover, theoretical cotscape expected to provide a basis for
classification, to distinguish unambiguously betwemyriads of substances (Schummer
2004). The various subdisciplines of chemistry hawther developed dozens of different
kinds of molecular models and representations, feaiid state chemistry to biochemistry,
that each serves specific disciplinary needs ampgses (Hoffmann & Laszlo 1991).

4. The Inevitability of Pluralism

There are two reasons why methodological pluralsmevitable in chemistry: one relates to
its multiple purposes, the other is grounded inlithnés of chemical knowledge as a matter of
principle.

The first reason is obvious from the aforementibnBecause chemistry pursues
different goals, we need specialized approacheactoeve each one best. The argument
requires different aims being logically independiain each other, such that achieving one
does not automatically achieve the other. Althotgtt is difficult to demonstrate in general,
one can show at least for some instances thatataigd pursuit of different goals can easily
run into conflicts. For example, a useful classifion requires distinctive qualitative
concepts, whereas precise predictions necessitantitptive concepts. If synthesis is the
main aim, all concepts must be operational suchtti®oretical conclusions can be translated
into experimental operations, which is not required classification, prediction, and
explanation. Explanations in turn need causal quiscéhat are frequently obsolete in
classification. Pursuing technological aims recuiae least some utilitarian concepts that are
useless and sometimes distorting in other projecis,so on.

If we accept the pluralism of aims or purposeshemistry, we must reject the idea
that there is a superior aim, say TRUTH, whose ®arachievement would automatically
meet all the other epistemic needs best. Such erisu@im is not known in chemistry. If
somebody claimed that, it could only be eitherldggcal combination of all known aims, and
thus would be obsolete, or the favorite purposers specialized field, which for the whole
of chemistry would then be equally ranked with thlk other aims. However, although the
different aims are logically independent from eatter, the pursuit of one can be useful for
that of others (Schummer 2014a, chap. 11). Foamtst, working on causal explanations can
make predictions more reliable than those thatbased on mere statistical correlations. In
turn, improving predictive capacities, including nelg statistical error estimates,
considerably helps the design and control of expemis conducted for the purpose of
explanation or synthesis. Also synthesis and dlaaibn can mutually benefit each other,
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when synthesis reveals new, unexpected substaassesl or when classification allows one
to derive synthetic goals. Similarly, technologicains frequently inspire explanatory,
predictive, synthetic, or classificatory work, amite versa. Although methodological
pluralism is inevitable in chemistry, that does ma¢an that all approaches follow paths
independent from one another. Instead, they camahbenefit each other by complementary
assistance, which is, like the modern divisionadiidr in economics, much more beneficial for
the entire endeavor of science than the pursubsture aims such as TRUTH.

The second reason why methodological pluralismmasitable in chemistry refers to
its epistemic limits. Historically the limits of igntific knowledge were the central topic of
epistemology, from medieval debates on the relatign between science and theology to
Kant’s Critique of Pure Reasgrbefore it became outmoded by ambitious philosepland
popularizations of physics. However, an approach ttoes not know its limits and instead
promises universal applicability without scientifiarguments, belongs to speculative
philosophy or simplistic popularization rather thi@nscience. While it is the job of each
science to define the limits of applicability o$ individual theories or models (see below), it
IS up to epistemology to identify fundamental lisndtf knowledge that cannot be overcome.

There are several such limits of chemical knowdefigchummer 2010), of which one
Is particularly important here: the unbridgeable dsetween the concepts and objects of
chemistry. The general issue has a long traditrophilosophy, most prominently in the
metaphysical realism/nominalism debate (Section Hwever, in chemistry we have a
privileged access of analysis that allows conchsibeyond metaphysical speculations. For,
chemistry has addressed the realism/nominalismejsatnich is sometimes misleadingly
called the issue of natural kinds, by experimentabns, largely unnoticed by mainstream
philosophy. Rather than only adjusting our conceptshe world as it is, chemistry also
adjusts the world to its concepts by creating erpemtal systems that best fit its frameworks
(Schummer 2010). Most importantly, the objects xagpezimental investigations are the end
results of sophisticated purification proceduresrep substances or fabricated mixtures
thereof. Because every concept of modern chemisttyy empirical and theoretical, is based
on the notion of pure substances, the strategy sd¢erbe ideal. It has its price, however,
because there are, strictly speaking, no pure antss$ in the material world, neither inside
nor outside the laboratory.

In the natural world, a piece of matter is alwaysomplex mixture whose compounds,
in terms of pure substances, can be listed onll lntited precision. For instance, one can
identify a few thousand substances in a simpleep@dcsoil, knowing that this is only the tip
of the iceberg. Moreover, while our theoretical erstanding might grasp chemical reactions
within mixtures of ten or twenty substances undertain conditions, it usually fails to
provide comprehensive explanations and predictioeyond that limit. The drawback of
adjusting matter in the laboratory to chemical @pts is that both our empirical and
theoretical concepts are very limited to understamdhe natural world. Even inside the
laboratory, material samples never fully meet tlo@ceptual ideal of purity, because of
practical limitations of purification proceduresdafor thermodynamic reasons. Instead, any
presumably pure substance can contain impuritiesratentrations below the analytical limit.
Matter, so to speak, resists purification at a aertdegree and thereby chemical
conceptualization. Because even the smallest itypoan have, through catalytic effects, a
strong impact on chemical properties, there willvaals be uncertainty in any specific
chemical statement.

Such uncertainties, both about natural and laboratystems, can only be reduced by
considerations of relevance, that under this sjgectindition and for that particular question
this or that impurity in a given system is irrelavaFor instance, for many research purposes
the gases of the air dissolved in pure liquids dionmatter, for others they crucially impact the
experiments. That most elements come as a mixtdiigstopes is negligible in many field of
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chemistry, in others it is essential. There aredsdor which we may assume pure water to be
simply HO, many others need to take into account its digBon, and some even its
complex dynamic structure that makes it look likmiature of hundreds of species.

The complexity of matter forces us to take differperspectives depending on what
we want to know. One might object that the limas are only of practical nature and that
future chemistry will push the limits towards thielé¢al science”, in which every piece of
matter can be analyzed with ultimate precision deskcribed by a “Theory of Everything”
that takes any possible fact into account. Howeapart from the insurmountable practical
issues of generating endless information, thatl idé@s into serious conceptual problems.
From the point of view of ultimate precision, evgigce of matter is unique and no longer a
sample of a species. If we thus investigate one, tw hundreds of samples, we could no
longer draw general conclusions from our studiesuila certain kind of matter, because the
notions of both kinds and samples are no longeitadta. We would then lose the ability to
build general concepts and provide general knovdedg which science essentially rests. If,
on the other hand, we later screen the endlessmiatmn for what is relevant from a certain
point of view and build corresponding equivalentasses in order to form general concepts
and statements, we would just end up doing whaisei actually does: building a variety of
different approaches depending on what is takdreteelevant. The “Theory of Everything”,
and its philosophical counterpart of radical norfigma, is therefore a useless and counter-
intuitive idea in chemistry.

The two reasons for pluralism, multiple aims aptst&emic limits, thus act in concert.
Chemistry (and probably any science faced with derity issues) can partially overcome its
epistemic limits by diverging according to its eifént aims.

The following three sections look closer on whaetimodological pluralism in
chemistry means for some exemplary philosophicalds: laws of nature, reductionism, and
realism. As much as mainstream debates, with fleeins on mathematical physics, have
presupposed methodological monism, so much will t@ncepts and views be useless, even
obstructive, for the philosophical understandingcbhémistry. As any approach that seeks
understanding, also philosophy of science cannatl@vhe inevitability of pluralism and
must develop distinctive approaches for the undedihg of each discipline.

5. Models versus Laws of Nature

The notion of laws of nature plays an eminent rot¢h in the philosophy and popular
representations of science, suggesting that tiggodery is the primary task of scientists (for
details on the following, see Schummer 2014b). Hereat least for the past hundred years,
it is hard to find a single law that has been fdated and called so in chemistry, and
similarly in physics. Without strict terminologicdistinctions, chemists call their theoretical
findings theories, equations, or, most frequenthpdels, for good reasons as will be seen
below. Moreover, the many so-called laws from t®¢hlcentury do not meet the rigorous
philosophical requirements such as universality amtidity without exceptions that are
usually associated with that notion. Even worskethed so-called limiting laws of physical
chemistry (such as the ideal gas law, Rault’'s ldenry’s law, and so on) are strictly valid
only for the ideal case of zero concentration,foeno single real case, which makes standard
procedures impossible to fix the universality byiting the validity through so-called ceteris
paribus conditions. Philosophers of chemistry (&ei 1994, Christie & Christie 2000),
considering all that a deficiency, have suggestetbee liberal concept of laws of nature so as
to cover chemistry by the conceptual apparatus hoogophy of science. However, the
problem is not chemistry, but the philosophical carsception of science, according to which
all disciplines would have to meet the standarti®g@hilosophers of mathematical physics.
Historically the core of the experimental traditiof science, chemistry has developed
its own pluralist methodology of models that radlicdiffers from the monist mathematical

6



Joachim Schummethe Methodological Pluralism of Chemistry and Itsl&sophical Implications

tradition, out of which the notion of laws emerggar the two tradition, see Kuhn 1976).
Laws, on the one hand, are formulated with univestsams of truth, which can at best later
be reduced by ceteris paribus conditions or exetgethe reduction of other laws. Models,
on the other, are developed on the approximateigésa of exemplary cases, which can be
carefully extended only by modification and sopbation that include parameters to cover
their particularities. While a law is the bettee tmore universal it is, a model is improved by
precisely calculating, testing, and limiting itsear of intended applications with error
estimates. There can be no two laws of nature congpwith each other for long, because
there is only one nature which any law tries tocdbs truthfully and completely. Different
models for the same field of application can peabetoexist and usefully complement each
other, because they might employ different appratioms or put different emphasis on
different kinds of questions and aspects. Both lawd models are comparable tools for
explanations and predictions, but laws assume sixeexplanatory power while models can
explain only those aspects they have been buitiotso. Laws, if confronted with serious
problems, have to be dropped altogether, whichltesn discontinuities of science and
makes previous research appear useless, whereaslsmcah be flexibly adjusted or
supplemented by new models. While laws are inhbrergductionist in the sense of
methodological monism, models are developed irvéne of methodological pluralism.

The two methodological approaches, of laws andnofiels, are so diametrically
opposed to each other that any attempt to mix tbeeto extend the concept of laws so as to
include models runs into counterintuitive, if ndisard, results. Philosophers would do better
if they keep the two opposing methodologies siriapart, because the epistemological issues
and their metaphysical implications of one methodwlare largely irrelevant for the other.

6. The Monist Assumption of Reductionism

From the pluralist perspective, also the debatevbether chemistry is reducible to physics
appears misleading. Terms like “chemistry” and “gby” nowadays refer to mega-
disciplines, which each comprise not only singleotiies but a plurality of conceptual and
methodological knowledge traditions as well as sbeietal structures that bear the social
identity of disciplines.

If we take, for brevity reasons, only the concaptand methodological traditions that
constitute the cognitive side of a mega-disciplihey are, in the case of chemistry, split into
hundreds of different research fields (see abdviglce they can today only be socially rather
than cognitively united under the umbrella of a mégscipline, it is more than questionable
that an entirely different discipline could do leettOn the level of sub-disciplines or research
fields, there are differences regarding the con@dptapparatus, research aims, and
methodological values. It is usually easier to fomdresponding agreements between research
fields of the same discipline than of different sneith the exception of bordering areas such
as physical chemistry and chemical physics.

How then about the reduction of a single theoryooné discipline or subdiscipline
through that of another? Nagel (1961, p. 351ffdeoraised the issue with two theories taken
from physics, nonchemical thermodynamics and theetid theory of gases. In general,
however, theories cannot be analyzed and judgedsatation from their aims, which
considerably differ between the disciplines. If tbaerve different (sets of) aims and thus
have different areas of intended applications, @arenot simply compare them or even judge
one as superior (reducing) over the other (reducBu} idea of reduction of theories makes
sense only if the area of intended applicationsra is a subset of that of the other. In that
case, however, it is hard to see how philosophars aontribute. In science, unlike in
speculative philosophy, claims on the area of iéeihapplications are to be made and judged
by scientific arguments alone, which is the jolsoientists. In the pluralist world of modern
science, there is no privileged model that is grdmhetaphysical status, i.e. the broad-brush
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entittement of universality that exempt it from ailly delineating its field of application by
scientific arguments.

Finally, if a theory of one (sub-)discipline islalio explain a phenomenon or property
to the satisfaction of another (sub-)disciplineatthcounts as a successful case of
interdisciplinarity, which makes all parts happy. case in point would be the quantum
chemical explanation of the specific electric castdaty or chemical bonding energy of a
substance. Properties, particularly the operatioedlones in the experimental sciences, are
not proprietary of a discipline but common grouhderdisciplinarity consists in sharing and
reconfiguring conceptual resources from differengios for the mutual benefit or the
solution of a cross-disciplinary issue. Reframingts practice in terms of reduction of one
discipline to another would not only miss the cquuoal efforts required on both sides, but
also introduce hierarchical thinking that is hasto interdisciplinary collaboration.

In sum, it is difficult to make philosophical sensf the epistemological reduction of
one discipline to another. The only cases thatreasonably be discussed, when the area of
intended applications of one theory is a subsethaf of another, are typical issues of
scientific debate, for which philosophers have agtipular competence to contribute. They
do have, however, for investigating conceptual amethodological differences between
disciplines, which makes interdisciplinarity iss@emuch more promising and useful field of
philosophical studies than reduction.

7. Realism Revisited

Since the 1970s, philosophers of science have shedua view they call “scientific realism”.
Although there exist now dozens of versions, thdl share the opposition to
“instrumentalism”, the view that scientific conceind theories are judged according to their
usefulness regarding epistemic values such as gbiedi explanation, classification,
synthesis, and so on. However, “instrumentalisma igsuism in science and elsewhere: the
epistemic value of something is always assessetth@imasis of whether it helps us pursue
certain epistemic aims. Within the pluralist congion of science, it is even necessary to
point out for what particular epistemic aim a stfeconcept or model is good for in order
to improve the division of scientific labor.

The adherents of “scientific realism” instead segkinsic values in theories that are
independent of epistemic aims, or any aim whatsoéuey claim that certain theories are in
a not further explicable way “trué”The search for such theories cannot be conducted f
epistemic purposes, which would be “instrumentdljdnut must be a purpose-free activity.
The debate has, of course, focused on distinggsthie latest theories of mathematical and
high energy physics (and strangely begun in the d&@ng the Cold War, when exactly that
kind of research was heavily funded for militaryagens). By excluding any purpose,
including epistemic aims, they have created a d&torted image of science. In contrast, all
scientists pursue aims, epistemic or not, and tlsgyterms like “true” much more flexibly,
depending on the discipline and always on how nthehcorresponding concepts have been
successful in pursuing various epistemic aims. Meee, by distinguishing the theories of
physics among the vast plurality of research figldsientific realists” have not only repeated
the received one-sided focus on theoretical scidmaealso tried to reformulate a version of
physicalism. “Scientific realism” is thus only thetest desperate movement to uphold the flag
of physicalist monism in the pluralist world of sace.

It is therefore overdue to drop “scientific realisand look for a concept of realism
that is meaningful for the pluralist constitutior science in general and chemistry in

! If the truth conditions of a theory consist in séintences that can possibly be deduced from &wyth

plus specific assumptions, as a standard view miamt that would amount to all its possible exptimes
(postdictions) and predictions. Yet, “scientificalism” wants a theory to be more, making truth &score
notion.
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particular. Hasok Chang (2012, ch. 4.2) has alre@adyed in a similar vein that realism is not
a matter of belief in the truth of a theory, butaative commitment to the pluralist pursuit of
knowledge of the external reality. | will take agbkly different approach in the following
sketch (for more details, see Schummer 1996) byrnmitg to the original meanings of
realism. In philosophy, realism has been a posiigmosed to either idealism, nominalism, or
skepticism, depending on whether the reality ofdbter world or the correspondence of our
concepts and knowledge to the world is denied. df fimd in the practice of chemistry
institutionalized traits that conflict with thoseews, we have some clues of what realism
means here.

Idealists believe in the reality of ideas or, mmadically, that only ideas form reality.
The view has thrived particularly within rationalis which rejects sense perceptions and
experience as reliable sources of knowledge, asigand seeks contact to its reality through
intuition and logical constraints of reasoning. Whthat undoubtedly plays a role for
chemists, most of them seek contact to realityt fafsall through experimentation in the
double meaning of the word. One the one hand, pinelye the behavior of material samples
under the sophisticated control of the contextroteo to test or modify a conjecture. On the
other, they playfully or systematically explore thehavior of material samples in search for
unexpected, surprising results. In both casesb#t@vior of the probed material world is
considered independent from human will and plannangnaterial response rather than the
intuition of an idea. That is a clear indicatiomtttexperimental chemists reject idealism and
instead favor the corresponding realism as thsiitutionalized metaphysical view. This kind
of realism is fully compatible with methodologicalpluralism, because it does not matter
what particular aim is pursued or what kind of ceptaal framework is presupposed, as long
as the rules of experimentation are observed. éorétical and computational chemistry,
where results depend solely on the theoretical tigpumathematical algorithms and some
given data, that differs however. Thus, within tle@erall pluralism of chemistry,
metaphysical realism has been institutionalizethexmethodology of experimental research,
while theoretical branches follow a style that igrenakin to idealism. The issue is no longer a
matter of philosophical interpretation or tastejtawight have been still in the 18th century,
but depends on what specific research field we lgmon.

The second traditional opposition to realism, nwatism, claims that our
classificatory concepts, while being useful ideas €ertain human purposes, have no
correspondence in the world. We might want to divigh the world into kinds and sub-kinds,
but such divisions are only mental constructs ratih@n kinds whose differences are founded
in nature. All that really exists are individuakepes of matter that can at best be related to
each other by similarity relations. Originatingnredieval metaphysics, it became a powerful
modern position from the mechanical philosophy ¢gical Positivism, which is difficult to
refute in natural history. However, chemistry hasg solved the issue for its own purposes
by experimentally adjusting the material world he tlaboratory to its concepts (Section 4).
We divide up mixtures not by mental but by expentaé analysis into compounds, and
correspondingly compounds into its constitution&nments. And conversely, we make
compounds not by mental compositions of properties, by chemical synthesis. Although
the results are not ultimately perfect for pradtieasons, as mentioned before, the species
thus created are reproducible in any laboratogngttime. No chemist denies that chemical
elements and substances are real kinds rathentbatal constructs. Even further, if chemists
conceive of theoretical entities, i.e. chemicalstabces that do not exist yet, they reasonably
believe in their potential reality, which is the shoconvincing case of “entity realism”
(Schummer 1996, chap. 6), because they know hovedbize them in the laboratory by
theoretically guided synthesis, as has been doti®msi of times before. In sum, conceptual
realism, as opposed to nominalism, is an unquesdigrosition in chemistry because it is
deeply rooted in its experimental practice. As laagy the rules of experimentation are
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observed, species can be developed for differemtoses and by different methods, such that
conceptual realism is also compatible with pluralis

The third view opposed to realism, skepticism,ieerthat we can achieve reliable
knowledge about the world. From the aforementiomechmediately follows that this is an
untenable position in chemistry. Because chemisiike mathematicians or philosophers,
seek contact to the outer world through experintemtaand because their concepts to
describe the world are operationally based in erpartal practice, which can be reproduced
by anyone at any time, the knowledge thus achigewnedts all conditions of objectivity and
reliability one can reasonably wish for. Althoudtat, of course, refers only to very basic
experimental knowledge, it suffice to refute skeiptn in general and to establish a
foundation for epistemological realism. We can gdHer, however, if we drop the idea that
theories must be either true or false, which isidaerable to skepticism. In the experimental
sciences, theories or models, or more generallgeqmnal frameworks, are not the end but
the means of science. Similar to the experimenpaeatus, they are tools to probe the world,
to pose precise questions for which we expect peeand reliable answers. Like any tools,
their quality is a matter of degree, dependinglweirtinner construction (conceptual clarity,
logical consistency, degree of sophistication, rezss of use, etc.), and they can be more
useful for certain tasks and less so for othersuiggeped with the right conceptual and
experimental tools, we can measure, for instanceliy energies, inter-atomic distances,
activation enthalpies, and other theoretical valwasich might lead to further theoretical
explanations, classifications, predictions, synthettrategies, etc. If the conditions and
assumptions, which are part of any conceptual agproare carefully listed, and premature
generalization avoided, the skeptic has little bgeot to other than repeating the assumptions.
But why should one expect unconditional knowledgemf science? As a rule, scientific
knowledge about the external world comes in thenfdf we pose a certain question and take
this method which includes these restrictions &u$é assumptions, we get that answer with
that degree of certainty. Epistemological realisnthius not only compatible with, but even
requires pluralism, because conceptual approadctss to be tailored to specific questions to
provide precise and reliable answers. Philosoplgicgppeaking, the epistemology that is
anchored in the research practice of chemistrgispgectivism.

Once we drop the obscure idea of “scientific srafi and look instead at what
chemists do, philosophical realism turns out tans#itutionalized in all its three traditional
forms: metaphysical, conceptual, and epistemoldgica

8. Conclusion: The Advantages of Pluralism

In Sections 2-4, | have argued that pluralism s&s,aamatter of fact, the methodological
constitution of science in general and chemistrgarticular and that it is inevitable for both
practical and epistemological reasons. Against lfaakground, pointing out its advantages
over monism appears to be obsolete. However, thespiphy of science that has dominated
for decades the debate has focused so much orgle,smono-purpose, and exceptionally
uniform subdiscipline, mathematical physics, thahas created a strong taste for monism
which is difficult to convince of what is obviouEhe unspoken implication of monism is that
the actual science, with its ever growing divergenato methodologically different
disciplines, subdisciplines, and research fieldsa deeply irrational enterprise. In contrast, |
suggests that science is a very rational endedMuat is not an opportunistic statement
seeking agreement from scientists. For, if plunalis both inevitable and serves various
epistemological needs that scientists actual havg,a fool would do without it.

There are many other benefits of pluralism, sorhewbich have already been
discussed in detail by Hasok Chank (2012, chap.d.2Znentioned before. First of all, if we
acknowledge that biology, physics, chemistry, gggland so on (as well as correspondingly
their various research fields) have different scibjaatter and different research aims that

10



Joachim Schummethe Methodological Pluralism of Chemistry and Itsl&sophical Implications

require different methods, it is obvious that mamisan pick only a single aspect and
disregard the rest. Pluralism instead allows amerarchical division of labor, which in most
fields of society is the most effective and sucfiésspproach. Moreover, as new kinds of
issues arise, either out of the research process @ocietal demand, science can flexibly
adjust by extending old or developing entirely regyproaches. The monist philosopher must
ignore all that or reject it as “applied” researat worth studying. Sticking to the glorious
past of less than a handful of physical theoriesnist philosophy has developed an extreme
conservatism without contact with contemporary soge and its enormous creativity. In
contrast, pluralist philosophy can not only appaezithis aspect but also study its manifold
dynamics.

When the division of labor is not so clear-cutctsuhat different approaches are
required to collaborate in a multi-aim project, thman share and combine their resources.
Pluralism provides the analytical resources to uwstdad possible barriers of
interdisciplinarity, in terms of their different woeptual and methodological views, and
mediate between them, whereas the only monist answ&ich problems is the hierarchical
order by way of impossible discipline reduction. félaver, combining resources and
perspectives has the further advantage that itcosate new conceptual and methodological
approaches. Because scientific research is alltatreating novel understanding, pluralism
thus provides the best framework for the methodplo§ discovery and innovation. In
contrast, monist methodologies have largely focusedthe futile search for a universal
logical method for the retrospective justificatiohwhat is already known, e.g., the support of
a theory. That, however, considerably differs amdisgiplines as diverse as, say, geology
and mathematics, and among specific research fidjgending on their respective research
aims and methods as well as the intended usad¢eeioftheories.

Surely competition plays an important role in plist science too. Two approaches or
models may compete with each other on which isgot#st one to achieve a certain aim. Such
debates help sharpen and elaborate the approachiespire entirely new ones. It may turn
out that their aims and areas of intended apptinatdiffer more than was expected at first,
such that they can supplement each other. If tfiereince is more fundamental, competition
continues, which might result in different reseaschools and traditions that each develop
valuable conceptual and methodological resourcesdu Because the future of science is for
reasons of principle not predictable, includingufet aims and research questions, final
decisions on such competitions would be an unreddenstrategy in science. However,
monist philosophy requires such a decision, becthese is supposed to be only one “truth”.
It imposes the inappropriate winner/loser metaproiscience to purge it from the valuable
conceptual and methodological resources of thegedlelosers. In contrast, pluralist
philosophy cannot only study the various ways d¥isg competitions, but also appreciate
continuing competition for epistemological reasofise more approaches we have, the richer
is our perspectival understanding of the world; #mel more precisely the approaches are
limited, the more reliable is our knowledge. Thpsyralism allows for two-dimensional
progress in science, whereas monism makes thesamaale demand that scientists produce
both methodological and content-based knowledgevibald most likely have to be dropped
in the future.

Finally, pluralism provides valuable lessons fail@sophy of science drawn from the
pluralist constitution of science in general andcbémistry in particular. If a philosopher
makes general statements about science, the pluaaks: for which discipline or research
field is your statement valid? That prevents resklgeneralizations, broadens one-sided
views, and allows one to estimate the relevanqehiddsophical topics among the diversity of
science. Three cases in point have been discussbiipaper: the unreasonable extension of
the notion of laws of nature from mathematical pty/sto science in total; the monist
assumption in the debate about reductionism; aadnttsleading conception of “scientific
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realism”. Focusing on the actual scientific pragtiavhich is inextricably linked with human
aims and purposes, philosophical pluralism is ratinéhe tradition of pragmatism and strictly
opposed to logicism and idealism in the Kantian Bedelian style. It brings topics to the
fore that both matter in science and to which @afhy can make useful contributions, such
as the methodology of models, the issues of irgenalinarity, and the institutionalized forms
of realism in scientific practice. Without repeatithe mistake of blind generalizations, the
philosophical perspective on chemistry can thug heirich philosophy and explore its
resources for the benefit of science.
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