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——— Stephen H. Kellert, Helen E. Longino, and C. Kenneth Waters

Introduction
The Pluralist Stance

Background and Motivation

In recent years, a number of philosophers as well as some scientists have
advanced various forms of pluralism about the theories or methods of sci-
ence. The general idea is that some natural phenomena cannot be fully
explained by a single theory or fully investigated using a single approach.
As a consequence, multiple approaches are required for the explanation
and investigation of such phenomena. In some cases interest in pluralism
is motivated by analysis of particular issues within a science, and in other
cases it is motivated by analysis of general philosophical and methodo-
logical questions. How pluralism is understood—whether, for instance,
it affirms radical ontological or epistemological heterogeneity or merely
the diversity of mechanisms in nature—varies from thinker to thinker and
topic to topic.

Early discussions of pluralism were usually carried out in the context of
debates about the unity of science thesis. In his presidential address to the
Philosophy of Science Association in 1978, Patrick Suppes issued a mani-
festo for pluralism (Suppes 1978). He claimed that the time for defending
science against metaphysics (which he took to be the original rationale
for the unity of science movement) had passed. A close examination of
scientific developments since the heyday of the unity of science movement
warranted instead an embrace of pluralism. Suppes argued that neither the
languages of scientific disciplines nor their subject matters were reducible
to one language and one subject matter. Nor was there any unity of meth-
od beyond the trivially obvious such as use of elementary mathematics.
With a few notable exceptions, philosophers of science hesitated to take up
Suppes’s ideas.

Among the exceptions were Nancy Cartwright and her collaborators
who explored an alternative vision of the “Unity of Science” offered by the
work of Vienna Circle cofounder Otto Neurath, which sees an irreducible
variety of scientific disciplines cooperating for concrete purposes (Cat,

Vil



viii Stephen H. Kellert, Helen E. Longino, and C. Kenneth Waters

Cartwright, and Chang 1996; Cartwright et al. 1996). In his contribution
to the present volume, Alan Richardson extends this vein by examining
the history of unity/disunity themes. He demonstrates that there is greater
flexibility in the older ideas than was appreciated in mid- to late twentieth-
century philosophy of science.

With regard to more metaphysical issues, Cartwright also has promoted
a pluralistic account of a “dappled world” composed of distinct realms
(Cartwright 1999). According to this view, laws of limited scope apply
to these realms, but the laws form a loose patchwork rather than reducing
to a compact, unified set of fundamental laws. John Dupré advanced plu-
ralist positions in both epistemology and metaphysics. His epistemologi-
cal pluralism seeks to move beyond the search for demarcation of science
from nonscience to an account of the epistemic virtues that characterize
the variety of scientific enterprises. He argues that the kinds named by
conflicting systems of classification are real because they serve the various
purposes of the humans classifying things. He calls his metaphysics “pro-
miscuous realism” (Dupré 1993).

Although early work on pluralism tended to focus on issues related to
the unity of science thesis, recent discussions have taken up a number of
philosophical issues ranging from concrete debates within particular sci-
ences to debates about metascientific concepts to discussions about how
philosophical, historical, and sociological accounts of science relate to one
another. On the concrete level, pluralism has been invoked to account for
the problems concerning interpretations of quantum mechanics (Cushing
1994) and the status of laws in physics (Cartwright 1983), puzzles con-
cerning the relation of quantum mechanics to other branches of phys-
ics (Morrison 2001; Teller 2004), the problem of species (Mishler and
Donoghue 1982; Mishler and Brandon 1987; Ereshefsky 1998, 2001), the
controversy about the level of selection in biology (Dawkins 1982; Waters
1991, 2005), and the relation between genetic and environmental explana-
tions of differences (Longino 2001), to name just a few.

Philosophers of science have begun to advance pluralism at the meta-
scientific level, most notably with respect to epistemic virtues. A variety
of views regarding the role, status, and identity of scientific or epistemic
virtues has been advanced in the philosophical literature. Some philoso-
phers treat empirical adequacy, consistency, simplicity, explanatory power,
and refutability as truth indicators (McMullin 1983). Others treat them as
markers of scientificity (Kuhn 1977), while still others emphasize their
incapacity to be maximally realized at one time by any given theory (van
Fraassen 1989). Despite these disagreements, philosophers typically as-
sumed that there must be one foundational set of virtues, whatever their
role or status in science. Hence, some philosophers advocate for one or
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another within the set (e.g., explanatory power against empirical adequacy
and vice versa [Churchland 1985]) or advocate different virtues altogether,
such as heterogeneity or social utility (Longino 1996). But now there is
talk of a pluralist solution that would claim that which virtues should hold
what degree of regulative status in any given research project is a func-
tion of features specific to the problem and of the particular aims of the
research (Longino 2002).

The appreciation of the need for interdisciplinary approaches in science
studies aligns with pluralism at the metaphilosophical level. Because the
scientific enterprise is itself a complicated phenomenon, no single disci-
plinary approach can provide a fully adequate account of its conceptual,
technical, cognitive-psychological, social, historical, and normative as-
pects (Bauer 1990; Stump 1992; Wylie 1995; Giere 1999). The pluralist
interpretation might be pushed one step further: no single disciplinary or
interdisciplinary approach can provide a full account.

The idea of pluralism is certainly “in the air,” but one might ask wheth-
er appeals to pluralism, such as the ones mentioned here, are merely op-
portunistic gestures intended to avoid answering difficult questions. Can
pluralism be consistently advanced in philosophical interpretations of sci-
ence? If so, what are the implications of taking a consistent stand on plu-
ralism? The aim of this book is to answer these questions by investigating
a number of topics and areas of the sciences.

Distinguishing between Fact and Interpretation:
Plurality in the Sciences Contrasted
with Pluralism about the Sciences

It is useful to distinguish between plurality in the sciences and pluralism
about the sciences. The former is a feature of the present state of inqui-
ry in a number of areas of scientific research, such as those listed above.
These are characterized by multiple approaches, each revealing differ-
ent facets of a phenomenon. There can be plurality of representational or
classificatory schemes, of explanatory strategies, of models and theories,
and of investigative questions and the strategies appropriate for answer-
ing them. Pluralism is a view about this state of affairs: that plurality in
science possibly represents an ineliminable character of scientific inquiry
and knowledge (about at least some phenomena), that it represents a defi-
ciency in knowledge only from a certain point of view, and that analysis
of metascientific concepts (like theory, explanation, evidence) should re-
flect the possibility that the explanatory and investigative aims of science
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can be best achieved by sciences that are pluralistic, even in the long run.
Philosophers can ground their pluralism in studies of particular cases, in
the findings of cognitive science, or in a priori reflection about such mat-
ters as the vagueness of scientific predicates. Philosophers who advocate
pluralism can and do differ as to the extent of the plurality they attribute
to the sciences, the strength of the pluralism they adopt, and the broader
philosophical implications they draw from it.

Interpretations of Plurality

Monism versus Pluralism about Plurality in the Sciences
We take scientific monism to be the view that

1. the ultimate aim of a science is to establish a single, complete, and com-
prehensive account of the natural world (or the part of the world investi-
gated by the science) based on a single set of fundamental principles;

2. the nature of the world is such that it can, at least in principle, be com-
pletely described or explained by such an account;

3. there exist, at least in principle, methods of inquiry that if correctly pur-
sued will yield such an account;

4. methods of inquiry are to be accepted on the basis of whether they can
yield such an account; and

5. individual theories and models in science are to be evaluated in large part
on the basis of whether they provide (or come close to providing) a com-
prehensive and complete account based on fundamental principles.

Scientific pluralism, in contrast, holds that there are no definitive argu-
ments for monism and that the multiplicity of approaches that presently
characterizes many areas of scientific investigation does not necessarily
constitute a deficiency. As pluralists, we do not assume that the natural
world cannot, in principle, be completely explained by a single tidy ac-
count; rather, we believe that whether it can be so explained is an open,
empirical question. Although we often write “the world,” we also ques-
tion whether parts of the world investigated by different sciences (e.g., the
world economy or the system within an organism) can be completely ac-
counted for by a single, comprehensive theory. Treating this tenet of mo-
nism (tenet 2 above) as an open question rather than as a metaphysical
truth undermines the remaining tenets of monism. It undermines tenet 1
because if we don’t know whether the world can be fully accounted for by
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a single comprehensive account, then it seems unreasonable to assume that
the ultimate aim of science is to achieve such an account. If the world can-
not be fully accounted for by a single comprehensive account, then there
cannot be methods of inquiry that if correctly pursued would yield such an
account. Hence, we should not assume that tenet 3 is true. And if we don’t
know whether the world can be fully accounted for by a single, compre-
hensive account, then it seems unreasonable to accept or reject scientific
methods according to whether they can yield such an account (tenet 4) or
to evaluate scientific theories in terms of how close they come to providing
a complete and comprehensive account (tenet 5).

Monists might admit that a plurality of approaches and models can meet
appropriate scientific standards (or satisfy the corresponding epistemic
values) but insist that this is only because today’s science is incomplete.
The ultimate aim of science, according to the ideal of monism, is to have
for any given phenomenon the complete description of its essentials. But
we do not believe that the plurality in today’s science is necessarily a tem-
porary state of affairs. We think that some phenomena may be such (e.g.,
so complicated or nebulous) that there can never be a single, comprehensive
representation of everything worth knowing, or even of everything causal
(or fundamental), about the phenomenon. If this is the case, that is, if
the nature of the world is such that important phenomena cannot be com-
pletely and comprehensively explained on the basis of a single set of fun-
damental principles, then the aims, methods, and results of the sciences
should not be understood or evaluated in reference to the monist quest for
the fundamental grail. Hence, we believe philosophy of science should re-
think those of its concepts that rule out the possibility that ultimately the
best way to investigate and explain the natural world is through multiple
investigative approaches and representational systems. This view is sup-
ported by the chapters in this book because they establish the possibility
that the world is too complicated or too indeterminate and our cognitive
interests too diverse for the monist ideals, and they establish this result
across a broad swath of sciences including behavioral, biological, physical,
and mathematical sciences.

Modest Pluralist Interpretations

Some forms of pluralism acknowledge the present state of plurality, but
treat it as resolvable at least in principle. One form of pluralism in the lit-
erature recognizes that the world is patchy and that one model or theory
might explain phenomena in one patch while a different model or theory
would be necessary to explain similar phenomena in a different patch.
Some scientists and philosophers advance this view at the local level of
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scientific domains. Sandra Mitchell’s pluralism seems to be of this type:
nature varies in its strategies, using different strategies to achieve the same
end, but for each situation in the natural world there is a single complete
and comprehensive account that can be given (Mitchell 2002). But this
view about the disunity of science seems to reduce to (nonfundamental-
ist or nonreductionist) monism because it is consistent with the idea that
for every particular phenomenon, there is a single, best account. Philip
Kitcher accepts a stronger view (Kitcher 2001). He concedes that classifi-
catory concepts and systems reflect different interests and that the legiti-
mate persistence of such varied interests permits the articulation of differ-
ent theories about one and the same phenomenon. Nevertheless, he seems
committed to the assumption that all truths in one theory of X must be
translatable into truths in the other theories of X. This view, while non-
reductionist, also seems to reduce to monism, because it implies that a
single, consistent theoretical system can accommodate all explanatory in-
terests. It is consistent with the idea that different true theories of the same
phenomenon are, from a logical point of view, only notational variants
of one another. Might the plurality of models and representations arise
not simply because some parts of the world are different than others, or
because different, but intertranslatable, classification systems respond to
different interests, but because some parts of the world are so complicated
that they cannot be fully accounted for from the perspective of a single
representational idiom? We believe it is metaphysical prejudice to deny
this possibility, and we fail to see what is to be gained by this denial. We
worry that insistence on this abstract metaphysical point sometimes leads
philosophers to three errors: (1) to minimize or overlook important dif-
ferences among scientific approaches, (2) to dismiss from consideration
legitimate scientific approaches that seem to lie outside the mainstream,
and (3) to exaggerate the explanatory importance of scientific approaches
that are in the mainstream.

Another form of modest pluralism tolerates a plurality of theories, not
because there is something importantly right about one that cannot be
captured by another (and vice versa), but because it is difficult to predict
which research program (or preliminary theory) will lead to a theory that
provides a complete account of the phenomena. This view endorses a di-
vision of cognitive labor in the short term as a means to achieving the
putative long-term goal: a single, all-encompassing, true theory. But again,
this form of pluralism seems to reduce to monism. Certainly the division
of labor is a good strategy under certain conditions of uncertainty, but we
believe the plurality exhibited throughout the sciences involves more than
the hedging of bets about which approach will lead to the complete and
comprehensive account that supposedly awaits discovery.
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Radical Pluralist Interpretations

Constructivists admit an indefinite number of theories, the only constraint
being human ingenuity. But they are also anti- or nonrealists. A realist
version of the thesis is offered in a radical form of pluralism advanced by
John Dupré (1993). According to his “promiscuous realism,” there are an
indefinite number of ways of individuating and classifying the objects in
the world, each of which is responsive to different interests, and no one
of which is more correct than the others. All are equivalently referential:
any kind term that has a role in a system of understanding refers to a kind.
There is an indefinite number of sets of kinds. But just as modest plu-
ralisms are difficult to distinguish from a sophisticated form of monism,
promiscuous realism is hard to distinguish from radical relativism. We are
committed to the idea that there are constraints that limit the variety of ac-
ceptable classificatory or explanatory schemes. It is worth emphasizing that
the case studies in this book do not deny the existence of such constraints.
An important question they address is whether constraints limit sciences
to single schemes for the parts of the world (or individual instances) in-
vestigated by particular sciences. We believe the question of whether the
constraints on scientific inquiry lead to monism should be treated as an
empirical question.

An Empirically Based Interpretation: The Pluralist Stance

The form of pluralism we advance in this essay is not based on metaphysi-
cal assumptions. We have no a priori basis for assessing the monist as-
sumption that the nature of the world is such that its parts can be com-
pletely described or explained by a comprehensive account grounded on a
consistent set of fundamental principles. We also lack an a priori basis for
affirming (or denying) universal aims for science such as the monist aim
to acquire a single, complete, and comprehensive account of the natural
world. The form of pluralism we advance on the basis of the chapters that
follow is empirically motivated. The argument we sketch begins with con-
siderations from contemporary psychology about human perception and
continues by appealing to detailed case studies about how the plurality in
particular sciences ought to be understood. The studies in this book lead,
we argue, to a substantial and consistent form of pluralism that is not so
much a metaphysical or ideological position about the fundamental char-
acter of the world as an approach to interpreting the content and practices
of scientific inquiry. We call this approach “the pluralist stance,” by which
we mean a commitment to avoid reliance on monist assumptions in inter-
pretation or evaluation coupled with an openness to the ineliminability of
multiplicity in some scientific contexts. (By “we,” we mean the authors of
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this essay. We are advancing this as our own view, not as a collective view
of the contributors to this book. We maintain, however, that the arguments
offered by the case studies in this book substantiate the view we are ad-
vancing here.)

According to the pluralist stance, the plurality in contemporary science
provides evidence that there are kinds of situations produced by the inter-
action of factors each of which may be representable in a model or theory,
but not all of which are representable in the same model or theory. Each
factor is necessary for the phenomenon to have the various characters it
has, but a complete account is not possible in the same representational
idiom and is not forthcoming from any single investigative approach (as
far as we know). A more complete representation of some phenomena
requires multiple accounts, which cannot be integrated with one another
without loss of content. We do not hold that for every phenomenon there
will inevitably be multiple irreducible models or explanations. We hold
that the task of identifying which situations require multiple approaches
requires empirical investigation. We believe that the pluralist stance has
important implications concerning metascience and the public consump-
tion of scientific knowledge.

The pluralist stance differs from more modest versions of pluralism be-
cause it acknowledges the possibility that there may be no way to integrate
the plurality of approaches or accounts in a science. For example, we do
not believe that the tension among different models can always be resolved
by partitioning the domain so that the conflicting models apply to different
subdomains. In addition, we do not assume that the plurality of accounts
should be consistent, that all truths from one accepted account must be
translatable into truths of the other accepted account(s). Perhaps the ap-
proaches and accounts within the plurality cannot be combined and per-
haps they even disagree with one another about certain points. How might
this be possible? In many complicated situations, investigation is not fea-
sible unless investigators parse causes. In some cases, there are alternative
ways to parse causes and one cannot parse the causes in the alternative
ways at once. Some parsings are advantageous for explaining (and/or in-
vestigating) some aspects of the situation, other parsings are advantageous
for accounting for other aspects. In such cases, we could say that each
account emphasizes some causal aspects of the situation while obscuring
others. In fact, an acceptable scientific model might describe some facets
of the situation extremely well (e.g., the potential causal influence of some
factors) while actually distorting other facets (the potential causal influ-
ence of other factors). If this is the case, and if two models distort some of
the same aspects, they might distort these aspects in different ways, giving
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rise to inconsistencies. This is just one kind of situation in which a plurality
of inconsistent approaches might be defended.

An epistemology of monism would insist that at most one of the theories
is true and scientists should figure out which one. A pluralist would draw
this conclusion in some cases, but a pluralist is also open to the possibili-
ty that the situation is such that it is impossible to accurately represent all
aspects (even all aspects of interest) with a single model. Seeking a proper
plurality of models, each of which accurately accounts for some but not all
aspects of the situation, might be preferable. What is the advantage of the
pluralist interpretation? As some of the chapters to follow show, it provides
a means of avoiding senseless controversies that do not lead to progress. It
also helps emphasize the partiality of scientific knowledge. The monist in-
terpretation can give rise to inflated confidence about the comprehensive-
ness of scientific knowledge. A pluralist stance keeps in the forefront the
fact that scientific inquiry typically represents some aspects of the world
well at the cost of obscuring, or perhaps even distorting, other aspects.

General Considerations in Favor of the Pluralist Stance
Including an Argument Based on Perceptual Psychology

Pluralism can be motivated on the basis of abstract considerations: all rep-
resentations are partial in that any representation must select a limited
number of aspects of a phenomenon (else it would not represent, but dupli-
cate). This selective and partial character of representation means that al-
ternative representations of a phenomenon can be equally correct. Hence,
it should be obvious that different accounts, employing different repre-
sentations, might be generated by answering different questions framed
by those different representations. Monism holds that all such correct ac-
counts can be reconciled into a single unified account or that there is a
single perspicuous representation system within which all correct accounts
can be expressed. The related view, fundamentalism, holds that there is
one (or a very few) law(s) from which all correct accounts (with requisite
empirical input) can be derived. The pluralist stance rejects both monism
and fundamentalism. The plurality of representations and approaches in
science is sustained by the complexity of nature, the employment of highly
abstract representational models, and the diversity of investigative, repre-
sentational, and technological goals.

Ronald Giere, in his contribution to this book, offers a general empiri-
cal argument for pluralism drawing on findings in perceptual psychology.
Color perception offers a compelling example of perceptual perspectivalism.
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Research on human vision identifies two types of light receptor: the rods,
which have a uniform range of sensitivity and a common peak sensitivi-
ty and which constitute an achromatic system, and the cones. Cones are
typically of three types, each containing a different pigment and each
characterized by a distinctive peak sensitivity. The chromatic dimensions
of human visual experience are produced by differences in activation of
the light receptors. These findings about receptors provide explanations of
various aspects of human color vision. Visual systems can be, and are, dif-
ferent from that of the typical human. Some species have a four-pigmented
system, and many others have only two. Some humans are also only di-
chromats (e.g., those with red-green color blindness), and some have no
conic receptors and thus experience the world only in black and white.
Giere argues that there is no way to say which perspective is correct, al-
though one perspective might be deemed richer in certain respects than
another. He also maintains that there is no translation from one system to
another. There is, however, no need to understand claims made about the
same object from the vantage of different perspectives as incompatible as
long as colors are understood as the product of an interaction between ob-
jects and particular types of visual systems, rather than as objective prop-
erties of objects. Our visual system affords us a particular perspective that
may be different from, but is not incompatible with, that of others attend-
ing to the same object.

Giere proposes that we understand scientific observation as analogous
to unaided vision, mediated by different instruments (e.g., light telescopes
versus infrared telescopes), each enabling a different partial perspective
and different partial representations of objects. Scientific theorizing could
be partial in a similar way, capable of dealing, for example, with mechani-
cal forces or with electromagnetism, but not necessarily capable of dealing
with both kinds of phenomena with one set of principles.

Pluralities in Social, Behavioral, Biological,
Physical, and Mathematical Sciences

The contributors to this book identify a variety of ways plurality can char-
acterize a particular area of inquiry and the various sources of plurality
located within the complex of inquiry and object of inquiry. These include
(a) the complexity of the phenomena—whether associated with crossing lev-
els of organization or multiple factors within the same level of organization;
(b) the variety of explanatory interests; (c) the openness of constraints—
whether from above or below; and (d) the limitations of particular explana-
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tory strategies vis-a-vis the phenomena. These essays span physics, mathe-
matics, biology, and social and behavioral science, showing that plurality
is not confined to any particular area of science. The essays also offer a
variety of arguments for taking a pluralist stance toward the plurality they
document. In this section, we briefly describe the pluralities. In the next
section, we will consider why the authors believe pluralism offers the best
interpretation of the pluralities they document.

In some cases formal constraints imposed by higher-level theory leave
certain options at a lower level, options that are equally supportable given
the evidence. Michael Dickson argues that the mathematical constraints
of quantum theory are insufficient to pick out one of several dynamics. In
their jointly authored essay, Geoffrey Hellman and John Bell show that
both classical and intuitionist logics satisfy the basic logical requirement
of consistency. In both the physics and the logic case studies, the authors
identify pluralities that are preserved because different cognitive interests
are satisfied by different formalizations.

Other authors argue that the complexity of the phenomena generates the
possibility for a plurality of scientific approaches. Carla Fehr examines the
scientific literature on the evolution of sex and identifies a number of dif-
ferent explanations, explanations that are typically viewed as opposing one
another. Fehr argues that the multiplicity of explanations stems in large
part because sexual reproduction involves processes occurring at multiple
levels of organization. Different accounts of the evolution of sex focus on
processes at different levels (meiosis at the cellular level and outcrossing
at the organismic level) that are subject to different selective pressures and
cannot be collapsed into one.

Esther-Mirjam Sent documents an oscillation between monism and plu-
ralism in economics. At the beginning of the twentieth century, both insti-
tutionalist and marginalist (neoclassical) approaches coexisted as jointly
necessary to fully cover economic phenomena. At midcentury, the neo-
classical approach achieved near-hegemonic status (at least in the United
States), and its proponents sought to bring all kinds of social phenomena
under its uniform explanatory umbrella. The resistance of some phenome-
na to neoclassical treatment has led a number of economists to think that
alternative approaches are necessary for at least some phenomena and thus
also to advocate pluralism.

Helen Longino examines scientific studies of behavior. Researchers
agree that there is a multiplicity of causal factors involved in behavior.
Longino points out that since it is impossible to measure all of them simul-
taneously, research approaches must inevitably select from among these
the ones they will measure. Each selection constitutes a different pars-
ing of the causal universe, creating different effective sets of alternative
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causes. These support different research approaches, each able to answer a
distinctive subset of the possible research questions one might have.

Stephen Kellert’s case study is focused on metascience rather than the
object sciences themselves. Kellert suggests that interdisciplinarity, under-
stood as the need for multiple disciplinary approaches, arises because of
the complexity of the phenomena to be known and the partiality of the
individual disciplines.

In other cases, it is not so much the complexity of the phenomena as a
certain fundamental openness or indeterminacy that generates plurality.
In mathematics, Hellman and Bell note, it has become standard to treat
sets as the fundamental mathematical entities. Category theory, however,
proposes a mathematical universe constituted by topoi (toposes) or cate-
gories. Suitably enriched, category theory provides an autonomous ontolo-
gy for mathematics, an ontology free of the constraints required to avoid
paradox in set theory. Here again, different mathematical interests will
dictate which ontology is preferable in a given situation. Economics, too,
can, in fact must, support different ontologies. Sent suggests that, once
the no-trade theorems force one to give up any assumption that economic
agents are uniform, the variety of distributions of different kinds of agent
will determine different kinds of economic structures, no one of which is
any more fundamental than any other.

Reasons for Favoring a Pluralist Interpretation
of the Pluralities Identified in the Case Studies

The pluralities identified in the case studies can be variously interpret-
ed. A monist or modest pluralist will either treat them as temporary—as
stages on the way to a unified treatment of the phenomena—or as steps to
a comprehensive resolution that will provide for each instance a single, best
way to account for the instance. Philosophers and scientists are inclined
to monism or modest pluralism for different reasons, requiring different
responses from bolder pluralists. For example, some evolutionary biolo-
gists adopt a strictly monist perspective and assume that only one of the
diversity of evolutionary explanations of sex is correct and have entered
into a debate about which account is the right one. Fehr argues against
this monist interpretation by pointing out that the persistence of sexual re-
production in a species involves different and continuing costs. It is often
impossible to settle on one account even when limiting the domain to a
narrow lineage. Which explanation is appropriate depends on the precise
question one is asking. Other biologists have advanced one or another form
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of modest pluralism. One of these suggests that it is possible to decompose
sex into its constituent parts, for each of which a distinct evolutionary ac-
count can be given. This interpretation corresponds to Mitchell’s above-
mentioned idea that situations of pluralism are resolvable by separating
apparently complex phenomena in such a way that the conflicting explana-
tions apply to different cases that are part of a family of related but distinct
phenomena. Fehr argues, to the contrary, that the components of sex can-
not be separated in the way demanded by this modest form of pluralism.
Other biologists have dealt with the plurality of explanations by holding
that the different explanations must be integrated in order to identify a net
resultant force responsible for the emergence and persistence of sex. Fehr
holds that combining or integrating the explanations would have the effect
of decontextualizing them and depriving each of the detail and informa-
tion that is the source of its explanatory value.

Kenneth Waters argues that the pluralist interpretation applies even to
cases where science doesn’t exhibit much plurality. His case study involves
genetics and molecular biology. Scientific explanation and investigations
in these sciences are largely centered on the role of genes. Philosophical
critics have advanced an alternative, called developmental systems theo-
ry (DST), that treats organisms as systems and genes as just one of many
different kinds of equally important developmental resources. They argue
that DST should replace the now-dominant gene-centered approaches be-
cause the gene-centered approaches leave too much out. Thus, the pro-
ponents of DST contend that only an approach that incorporates all the
causal factors and their interactions can be correct. Waters maintains, con-
trary to the critics, that gene-centered accounts are not incorrect. Rather,
they are partial accounts of complex processes that could be approached
in a variety of ways. Gene-centered accounts provide correct answers to
some, but not all, of the questions that can be asked about development.
Nongenic factors of a system, e.g., cytoplasmic elements, at the same level
of organization as genes (intracellular), could be emphasized in one’s re-
search questions, leading to different but not necessarily contradictory ac-
counts of particular developmental processes. Waters claims that the mo-
nistic call for comprehensiveness obscures the significant achievements of
approaches, like the gene-centered one, that focus attention on only one
kind of causal factor.

Waters’s case is different from the other cases examined in this book
because the other cases argue for pluralist interpretations of sciences ex-
hibiting a plurality of theories or approaches. Waters argues for a pluralist
interpretation of a science that does not exhibit a plurality of theories or
approaches. He argues that the problem with the monistic interpretation
of his case is that it leads proponents of gene-centered science to infer
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that because the science is successful it must be based on a comprehensive
theory that can explain all the essentials of development (genetic deter-
minism). Opponents reject this conclusion because they recognize that the
theory behind molecular biology is gene-biased and obscures a lot of fac-
tors crucial for development. But monism leads the opponents to conclude
that the success of molecular biology is illusory and to seek a replacement.
Waters argues that a pluralist epistemology can enable us to acknowledge
that gene-centered molecular biology is successful without buying into the
idea that the gene-centered perspective offers a comprehensive account of
the essentials of development.

Wade Savage takes a somewhat similar line with respect to neuroscience.
Although research into sensory and motor capabilities seems to vindicate
physicalism (as opposed to dualism), Savage explores the possibility that
the psychophysical identity principle that underwrites this research should
be interpreted as a methodological principle, consistent with dualism. He
proposes that there are multiple senses of identity and that the apparently
conflicting conclusions reached about physicalism and dualism can be re-
solved by distinguishing between empirical identity (the sense at issue in
the methodological principle) and logical identity (the sense at issue in
contemporary defenses of dualism).

Other contributors (Hellman and Bell, Longino) point out that monism
on the part of researchers, especially when motivated by commitment to
their chosen theory or approach, fuels sterile and unproductive debates.
Adopting a pluralist attitude encourages scientists to pursue interesting re-
search without having to settle questions that cannot, in the end, be settled.

Philosophers advocating monism or modest pluralism worry that tol-
erating any stronger form of pluralism is equivalent to tolerating contra-
diction. Thus Kitcher, as noted above, constrains his pluralism by requir-
ing that different languages in which different theories are expressed be
intertranslatable so that a truth in one can be translatable into a truth in
the other. A pluralism that tolerates inconsistencies is apparently an invi-
tation to incoherence. But Dickson maintains that inconsistencies among
different dynamics for quantum theory should be tolerated. He argues that
solving the measurement problem requires supplementing quantum theory
with a dynamics. Although constraints rule out many dynamics, a num-
ber of alternative dynamical accounts are consistent with quantum theory
(and with the empirical predictions made on behalf of quantum theory).
It turns out that a single dynamics will not serve all the explanatory goals
of physicists. To illustrate this point, Dickson considers two different ex-
planatory contexts that call for quantum theory to be supplemented by a
dynamics. One explanatory context requires invoking the principle of rela-
tivity, and the other context requires the principle of stability. It turns out
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that no single dynamics is consistent with both principles. Hence, provid-
ing an explanation in one context requires supplementing quantum theory
with a dynamics that violates the stability principle, and the other context
requires supplementing quantum theory with a dynamics that violates the
principle of relativity. Dickson argues that physicists should tolerate a con-
tradiction among dynamical accounts because the multiplicity of contra-
dictory accounts is needed for explanatory purposes and because the con-
tradictions do not lead to contradictory predictions about the observables.
This is perhaps the clearest example illustrating the following point, which
modest pluralism overlooks: there can be a tension within the plurality
of accounts even though each account correctly describes, models, or ex-
plains an important aspect of the same part of the world toward which it
is aimed.

Contributors to this book hold not only that the situations they analyze
resist requirements of monism or modest pluralism, but also that scientific
knowledge would suffer by their imposition. Scientists sometimes must
make decisions about whether to pursue or to defer the quest for compre-
hensive or convergent accounts. A pluralist approach advocates that such
decisions be made on empirical, case-by-case, pragmatic grounds rather
than on the basis of a blanket assumption. We expect that decisions made
on these grounds will yield more fruitful and effective results.

As has been seen, our contributors have a variety of ways of arguing
that the strong pluralism they advocate for their respective areas of inves-
tigation does not issue in a debilitating contradiction. They argue further
that less ecumenical views would result in a loss to knowledge. Tolerating
nonconvergence of approaches avoids the mistake of a priori restricting
what can be known and how. Thus, Longino maintains that the approaches
to behavior she discusses are not intertranslatable because each parses the
(same) causal universe differently. Each is nevertheless capable of produc-
ing knowledge, and to restrict research to one or to those that produce
intertranslatable sentences is to eliminate avenues of inquiry that have pro-
duced important insights. Waters makes a similar case with respect to the
demand that an acceptable approach for investigating biological develop-
ment must include all the causal factors. It is simply not possible to design
a research program that takes all factors into account at once. Insisting
on a single, comprehensive investigative approach or explanatory account
will cut off avenues of knowledge.

In addition to avoiding sterile debates, pluralism underwrites the ex-
planatory flexibility that is one of the strengths of the sciences. Fehr notes
the loss of information that would perforce accompany attempts to inte-
grate the different explanations of sex. Hellman and Bell note that classical
and intuitionist logic each answer to different interests, truth preservation
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and computability (or constructability) respectively. Neither can be given
up, nor should be. Similarly, while not wishing to give up on set theory,
they state that the broader ontologies defined by category theory permit
the practice of forms of mathematics not possible if sets are taken as the
fundamental mathematical entities. Dickson, too, affirms the ineliminabili-
ty of the explanatory contexts and questions to which the different (and
inconsistent) quantum dynamics are addressed. Sent argues that econom-
ics will be better able to address the variety of economic phenomena if it
embraces a plurality of approaches rather than insisting that one approach
must fit all. Finally, as Richardson notes, pluralism enables a deeper con-
nection with social and political concerns than advocacy of a single ap-
proach does.

We started from the premise that the world might not yield to the de-
mands of monism. The case studies in this book indicate that science pro-
vides good evidence that the world is indeed such that it will not be fully
explained on the basis of comprehensive theoretical accounts that identify
all the essentials of any given phenomenon. It appears that some parts of
the world (or situations in the world) are such that a plurality of accounts
or approaches will be necessary for answering all the questions we have
about those parts or situations. But this raises an important question. What
is the “such”? That is, what is the nature of the world such that it, and many
of its parts, are not amenable to a single, comprehensive account? The an-
swer seems to differ for different patches of the world. For biological and
social patches, the world seems too complicated or complex: many pro-
cesses involve interaction of multiple causal processes that cannot be fully
accounted for within the framework of a single investigative approach.
For the domain studied by quantum physics, the situation doesn’t seem so
much complicated in that sense as perplexing. Our ordinary physical in-
tuitions, which work at the level of the classical physics of midsize objects,
seem to fail us at the quantum level (see Morrison 2001). So, while our
case studies suggest that interactions of multiple causal processes in the
biological and social cases could make it impossible to fully account for
the phenomena within a single framework, they do not give a clear indica-
tion of what could be making it impossible (if indeed it is impossible) in
the quantum domain.

We believe that Dickson’s contribution provides evidence that the quan-
tum world is such that a comprehensive, monistic explanatory account is
not forthcoming. He makes a strong case that accepting a plurality of dy-
namics serves divergent interests of physicists that cannot be served by a
single dynamical theory (or by leaving out a dynamical theory). He reaches
this conclusion while maintaining that these dynamical theories are mu-
tually incompatible and that the formalism of quantum theory does not
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provide constraints for deciding among them. We admit, however, that we
do not know how to describe the nature of the quantum world that makes
it resistant to a single, comprehensive account. We are, of course, not alone
here. Dickson suggests that the alternative dynamical accounts be thought
of as complementary, along the lines that concepts involving observables
are said to be complementary. Although this suggestion is promising, it is
still not obvious that the need to appeal to alternative complementary con-
cepts or dynamical accounts stems from something akin to the need for
plurality in the biological and social contexts. But we do not think our in-
ability to describe the “such” in the case of quantum theory, or other cases
for that matter, means that we ought to adopt monism by default.

Although we believe that frameworks for the interpretation of science
should not presuppose a metaphysics of monism, it should be clear that we
ourselves do not have a general metaphysics. We do not, for instance, insist
that all parts of the world are such that they cannot be comprehensively ac-
counted for by a single theory. Furthermore, we do not maintain that there
is a common ontology shared by those parts of the world that cannot be
fully explained in terms of a single, comprehensive account. Our general
thesis is epistemological: the only way to determine whether a part of the
world will require a plurality of accounts is to examine the empirical re-
sults of scientific research of that part of the world. The case studies in this
book are consistent with this general epistemological stance. While con-
tributors concede some of the attractions of monism (e.g., unproblematic
commensurability and comparative assessment, singularity of approach,
hegemony), they show that in the particular cases being examined, plurali-
ty is ineliminable. They argue that a strongly pluralist interpretation of that
plurality is more faithful to the scientific situation. In contrast to more radi-
cal forms of pluralism, none affirms that nonconvergence is the rule across
the sciences. The pluralism advocated is local, rather than universal. The
contributors follow the advice from Dewey quoted by Richardson: to avoid
being “false to the scientific spirit” by holding a priori to metaphysical
doctrines. As Giere puts it, the case studies reject a priori commitments
to either unity or multiplicity and allow the evidence and practical suc-
cess (or failure) to decide.

Consequences of Assuming the Pluralist Stance

The basic point that scientific models generally obscure some aspects of
complex phenomena in order to elucidate others has been increasingly ac-
cepted in philosophy of science, but the implications we draw from it have
not. The implications contradict some deeply held views in the philosophy
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of science. These are the more difficult aspects of pluralism to accept, as
our own occasional unthinking reversion to monist formulations attests.
One implication of our pluralist outlook is that scientific approaches and
theories should not be evaluated against the ideal of providing the single
complete and comprehensive truth about a domain. This implication under-
mines a good deal of argumentation in the philosophy of science literature.
For example, philosophers of biology have often argued that gene-centered
explanations should be replaced by DST explanations on the grounds that
gene-centered explanations leave out important causal factors. The under-
lying assumption is that any acceptable theory must include all the causal
factors because the aim of science is to identify the single, comprehensive
truth about development. Scientists and philosophers should recognize
that different descriptions and different approaches are sometimes bene-
ficial because some descriptions offer better accounts of some aspects of a
complex situation and other descriptions provide better accounts of other
aspects. And this may be the way it will always be.

The pluralist outlook suggests that there are serious limits for drawing
metaphysical conclusions from science. While our empirically based plu-
ralism is neutral with respect to realism in the sense that it does not require
us to abandon realism, it does imply that realism needs to be tempered.
Some philosophers and scientists argue that insofar as we seek answers
to metaphysical questions, we should turn to the best contemporary scien-
tific theory related to the question. While modest versions of this project
might be sustained (perhaps certain metaphysics can be ruled out), the
pluralist stance accepts that science has not and probably will not provide
reliable answers to many of the big, interesting metaphysical questions.
Is the world fundamentally deterministic? According to the Copenhagen
interpretation of standard theory, it is not. According to the Bohm theory,
it is. An empirical pluralism is open to the possibility that both accounts
of quantum mechanics describe certain aspects of the phenomena well,
and both could provide a basis for advancing inquiry. What is the level of
selection? According to genic selectionists, it is always exerted at the level
of individual genes. According to others, in some cases selection is exerted
only at higher levels of organization, in other cases only at lower levels, and
in still different cases at multiple levels. An empirical pluralism is open to
the possibility that some aspects of a single case of natural selection might
be best accounted for by modeling the process only at the genic level, and
other aspects of the same selection process might be best accounted for
by modeling the process at a higher level (or at multiple levels). If this is
right, then science won’t answer many metaphysical questions associated
with scientific inquiry, such as questions about determinism or the level
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of selection or whether the world is such that a unified comprehensive ac-
count of it is possible.

The pluralist stance also has implications for philosophers who draw
on philosophy of science to form conclusions about other areas of inquiry.
For example, Bernard Williams, in Ethics and the Limits of Philosophy,
writes, “In a scientific inquiry there should ideally be convergence on an
answer” (1985, 136), and he takes this convergent monism in science as a
sign of its objectivity, in sharp contrast to the community-bound nature of
ethical discourse. Although we are pluralists, we do not assert plurality or
the lack of convergence in the sciences. Instead, we deny the presumption
of unity made by authors such as Williams. And in this denial, we leave
open the possibility that ethical discourse can be as objective as scientific
discourse.

Adopting a pluralist stance also has important consequences for the
practice of philosophy of science. Pluralists might see the plurality in
the local context of a scientific controversy as reflecting the complicated,
multifaceted nature of the processes of interest. A monist will look at the
same case of plurality and claim that the scientists in this local situation,
as scientists in every local context, ought to be guided by the universal
goal of uncovering the comprehensive account of the processes being in-
vestigated. Monism leads many philosophers to search for the concepts
that will enable the pieces to fall into a single representational idiom. For
example, philosophers were not content to identify a plurality of fitness
concepts that could be drawn on to describe different aspects (or even dif-
ferent instances) of evolution. The explicit aim was to clarify the funda-
mental concept that underwrites all explanations invoking natural selec-
tion. The unspoken assumption was that there must be some underlying
causal parameter, fitness, that would be the basic cause for all cases of
natural selection. Pluralism denies this assumption. Or to be more precise,
the pluralist stance refrains from adopting this tenet without empirical evi-
dence. Pluralists do not assume that if we could just “get clear” on essen-
tial concepts, biologists could empirically determine how everything can
be explained by a single account based on a few fundamental principles.
By denying such assumptions, the pluralist stance requires us to revise the
way we analyze concepts, both those of science and metascience.

Much of the analysis of concepts such as fitness in biology, function
in psychology, and force in physics hinges on finding counterexamples
against various proposed analyses. The unspoken assumption behind the
method of counterexample is that there must be one kind of abstract thing
that counts as fitness, function, or force. If one finds something that a pro-
posed analysis can’t account for, then the analysis is taken to be refuted. To
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return to the fitness example, if a proposed analysis of fitness can’t account
for the long-term, as opposed to the short-term, evolution of a trait, then it
is rejected. The idea behind such an argument is that the counterexample
proves that the proposed analysis must not capture “the” concept of fitness
because the right interpretation of fitness will be useful for understanding
all important aspects of a complex evolutionary process. Scientific plural-
ism, however, acknowledges that different aspects of a sufficiently com-
plex example of natural selection might be best accounted for by different
models, which in turn might employ different concepts of fitness. It is not
that any analysis of a term will do. But which analysis is best sometimes
depends in part on what aspect of a complex situation is of greatest inter-
est, and hence there might be more than one correct analysis. We believe
that terms such as “chaos,” “electron,” and “function” exhibit the same
polysemy.

Philosophers of science have also employed the method of counter-
example in their analyses of metascientific concepts such as theory, expla-
nation, cause, and probability. Does consistency require scientific plural-
ists to be pluralists about the analysis of these concepts? We think it does.
Philosophers should not assume that the nature of science is such that it
can be comprehensively accounted for by a single set of concepts that cap-
ture the fundamentals of science. This means, for instance, that the as-
sumption that there is one abstract kind of thing, “scientific explanation,”
may be mistaken. Perhaps accounting for different aspects of scientific
understanding will require different accounts of explanation. The monists’
essentialism about metascientific concepts is unjustified. It follows that the
familiar method of counterexample needs to be revised for our analysis of
metascientific concepts as well as scientific concepts. Conceptual analyses
ought to be evaluated on the basis of what they help us understand and
investigate, not on the basis of whether they identify the single, essential
way of understanding. One might extend this critique to analytic philoso-
phy more generally and challenge the assumption that justice, knowledge,
or consciousness must have uniform essential meanings that can be deter-
mined by the method of counterexample.

It should be evident that just as we take a pluralist stance on scientists’
understanding of complex phenomena in the natural and social world, we
also favor a similar stance on our own understanding of the multifaceted
nature of scientific knowledge. This means that, like physicists trying to
answer the most fundamental questions about the physical world, philoso-
phers should acknowledge that there might not be answers to many of
the most fundamental questions about science. Might the debate between
Bayesians and their foes be futile, not simply because of lack of compel-
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ling evidence, but also because neither approach can (in principle) offer a
comprehensive account of the basis of scientific inference?

Reflexivity also raises questions about the relation between philosophy
of science and other areas of science studies. What does pluralism imply
about the relation between the approaches of philosophers and those of his-
torians, sociologists, and rhetoricians? As Kellert argues in his defense of
the cross-training metaphor for interdisciplinarity, different perspectives
on science, including the historical, normative-philosophical, and social-
scientific, can shed light on different aspects of the multifaceted enterprise.
Trying to force them into a convergent viewpoint or demanding a choice
among them is counterproductive. Adopting a single approach would ob-
scure certain aspects of science, perhaps limiting the advancement of that
approach and certainly limiting our understanding of science as a complex
phenomenon. As with our pluralism about science, we are not promoting
an “anything goes” view. There are instances of poor research in every
branch of science studies. Some of the most glaring examples of substan-
dard work involve promoting a favored approach by trying to demolish
what are viewed as opposing approaches for understanding science. These
critiques are typically carried out within the perspective of the favored
approach and assume the ideal of monism. That is, they assume that we
should adopt just one approach, the one that promises to offer a complete
account of the “essentials” of science. It is time to reject this ideal, for both
science and the study of science. We should acknowledge that whether the
world can (even in principle) be explained in terms of a single explanatory
idiom or investigated by a single approach is an open question. We should
adopt the pluralist stance.
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Alan W. Richardson

1
The Many Upnities of Science:
Politics, Semantics, and Ontology

One may ask: “What program is common to all the collaborators of the
Encyclopedia?” A program formed of statements accepted by all the collabo-
rators would be narrow and would be a source of divergences in the near
future. . . . The maximum of co-operation—that is the program! (Neurath
1938, 23-24)

Given the cultural resonance of disunity and unity, it is perhaps no surprise
that the various authors here, despite their disagreements, explore not only
the disunity of the scientific context but also, implicitly, the context of dis-
unity. (Galison 1996, 33)

Within philosophy of science in the 1990s and into the new century, the
themes of disunity of science and of pluralism of or regarding science have
been prominent. Work such as John Dupré’s The Disorder of Things (1993),
Nancy Cartwright’s The Dappled World (1999), and the essays collected
in Peter Galison and David Stump’s The Disunity of Science (1996) make
this theme evident in their titles. Other works, such as Helen Longino’s The
Fate of Knowledge (2002), endorse or make room for pluralisms of vari-
ous kinds without wearing such allegiance on their dustcovers. Such work
often draws on (or can be interestingly related to) work in other science and
technology studies disciplines such as Donna Haraway’s “‘situated knowl-
edges” (1991), Bruno Latour’s recent move to “multinaturalism™ (1999), or
a whole raft of local, contextual histories of science, some of which draw
their antiuniversalist consequences quite explicitly (see, for example, the
final chapter of Galison 1987).

Such work has, of course, drawn its critics and thus enabled the next
generation of unificationist literature in its wake. Speaking from the very
pages of Galison and Stump’s disunity manifesto, Richard Creath (1996,
158) has argued that “what our Viennese predecessors were really de-
fending was really more sane and sensible than has been supposed” and
that much recent work under the banner of “disunity of science”—and
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especially Galison’s own work—*"is in harmony with that classical tradi-
tion.” More recently, Margaret Morrison (2000, p. 1) has argued:

Critics of unity claim that when we look at scientific practice we see over-
whelming evidence for disunity, rather than the coherent structure we have
been led to believe characterizes science. Although some of these argu-
ments are extremely persuasive, the desire to banish unity altogether has
resulted, I believe, in a distortion of the facts and a misunderstanding of
how unity actually functions in science. It is simply a mistake to deny that
science has produced unified theories. So, where does the evidence of dis-
unity come from?!

Standing at a more magisterial distance from the disunity debates, Michael
Friedman (2001) nonetheless endorses such a strong role for a quasi-
Kantian “regulative a priori” that one can confidently draw the conclusion
no disunified knowledge system will be able to fulfill the regulative ideal of
scientific knowledge.

Now, at the very same time that contemporary philosophers of science
have been wrangling over disunity of science, there has been a rekindling
of interest in precisely those Viennese predecessors that Creath referred
us to above. The history of logical empiricism has become a going con-
cern in the philosophical world.> Moreover, since the logical empiricist
“unity of science” movement forms the immediate locus of dispute for the
new generation of disunity of science scholarship, these areas of interest
overlap. Indeed, quite often work in disunity of science proceeds in self-
conscious awareness of and respect for the unity of science movement.
This is especially true in the work of Peter Galison (1990, 1996), who is
the historian of science who has made the most frequent and most valuable
interventions in the literature on the history of logical empiricism, and, of
course, of Nancy Cartwright, whose scholarship on Otto Neurath finds the
main mover behind The International Encyclopedia of Unified Science
(Neurath, Carnap, and Morris 1938) to have been a great advocate of dis-
unity of science (Cartwright et al. 1996).

There is something philosophically troublesome about this rich stew of
current debates and historical antecedents. There is, throughout the dis-
unity literature, a nagging sense that there is a mixing together of issues
and concerns. If analytic philosophy has any mortal enemy, it is stews,
potages, and other unclear mixtures. Thus, the literature on disunity of
science has been regimented on several occasions, perhaps most notably in
chapter 1, “The Many Faces of Unity,” of Morrison’s book (2000) and in
Tan Hacking’s essay, “The Disunities of the Sciences” (1996). Interestingly,
these attempts to induce a bit of conceptual order have a historical bent,
exploring the issues through exemplary positions taken—though neither
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of the authors limit themselves to the logical empiricists. Nonetheless, the
logical empiricist unity of science movement finds prominence in these
accounts.

This attention to relations to the logical empiricist unity of science
movement is right and proper. There can be no question but that disunity
and pluralism are key topics for current philosophy of science in large
part because current philosophy of science is still working out the ways
in which it is not logical empiricism anymore. This was made rather ex-
plicit in the letter of instruction to participants in the Minnesota Center for
Philosophy of Science “Workshop on Scientific Pluralism” in 2002 that
led to this volume. Indeed, here is the account of the goal of the workshop
as presented in the letter: “Our goal is to determine whether a consistent,
substantive, and philosophically defensible view of scientific pluralism can
be developed that goes beyond the mere rejection of the unity of science
doctrine.”

This essay belongs in the same genre as Morrison’s and Hacking’s es-
says. Like them, I shall attempt to clarify issues in disunity or pluralism
of science through a bit of attention to history; like them I shall attend, if
only briefly, to several different figures in different historical time peri-
ods. The logical empiricists shall dominate my discussion, however. This
dominance is an expression both of my own limitations as a scholar and of
my sense that there are still underdeveloped themes from within the unity
of science movement that can help us sort out what is interesting and im-
portant in the current disunity literature.

The Unity of Science Movement and Current Vocabulary:
Some Preliminary Complications

Here, again, is the goal the workshop was set: “Our goal is to determine
whether a consistent, substantive, and philosophically defensible view of
scientific pluralism can be developed that goes beyond the mere rejection
of the unity of science doctrine.” For those of us steeped in the history
of philosophy of science, this sentence presents a problem that ultimately
becomes a resource and an opportunity. After all, when you have read the
International Encyclopedia of Unified Science from cover to cover, there
is perhaps one theme in it that is more striking than any other: there is
no unity of science doctrine. I mean this in two senses. First, it is quite
clear that the unities of science either defended, advocated, or proposed
by the various authors in the Encyclopedia are quite as numerous as they
are. But, second, it is not simply that the Encyclopedia presents no unified
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understanding of unity. No, the lack of doctrinal unanimity on just this
point was often referred to with pride as one of the principal virtues of
the project: the unity of science was a thematic and procedural com-
mitment but did not entail any substantive agreement on philosophical
doctrine. Thus, my motto from Otto Neurath’s introductory essay to the
Encyclopedia and thus also John Dewey:

It follows that a movement in behalf of the unity of science need not and
should not lay down in advance a platform to be accepted. It is essentially a
co-operative movement, so that detailed specific common standpoints and
ideas must emerge out of the processes of co-operation. To try to formulate
them in advance and insist upon their acceptance by all is both to obstruct
co-operation and to be false to the scientific spirit. (Dewey 1938, 33-34)

The lack of unanimity regarding unity of science in logical empiricism
and its fellow travelers is, when rightly understood, a resource for advo-
cates of pluralism. If pluralism were merely the negation of a single philo-
sophical doctrine that turned out to be false or barren, pluralism would
have all the virtues but also all the excitement of honest intellectual toil.
What makes pluralism promising is that it is more than a negative doc-
trine accepted, either in disappointment or in relief, in the wake of a failed
doctrine. It has the excitement not of honest toil or yet of intellectual theft
but of a forensic and deliberative project that seeks to understand what
was right and what was wrong about a complicated philosophical project
that went unfulfilled—pluralism and disunity are themes in the complex
working-through of what was wrong and what was right in logical em-
piricism. In any case, this is what I will argue by giving attention to some
contending doctrines of the unity of science and to the philosophical moti-
vations that underpinned what advocates preferred to call not “the unity of
science doctrine” but rather “the unity of science movement.”

Before attending to the main business, allow me to make some points,
as necessary as they are pedantic, about names of philosophical projects.
Let us think a bit about “unity of science”—the words, as keys to the thing.
Pluralism—about scientific theories, representations, cultures, objects—
seems badly defined as “plurality of science.” A doctrine of the plurality of
science sounds like a doctrine that says that there is more than one science.
That doctrine, however, is not honest toil; it is not even theft; it is common
property. It is not news that there is more than one science, and one does
not need philosophy to arrive at this firm truth. (Perhaps only a philoso-
pher would undertake to deny it.) The unity of science movement surely
did not deny that there are many sciences—indeed, most of the articles
in the Encyclopedia were on individual sciences. What lent to the unity
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of science project a real intellectual bite was the claim that this historical
distinctness among the sciences did not express an important underlying
epistemic or methodological disunity—that it sought to lay bare a unity
that might have been missed. The question before pluralists is whether
there is a philosophically important lack of unity that has somehow been
missed, one that is not identical with the lack of unity that everyone al-
ready knows about.’

Before leaving this train of thought, we might attend also to the phrase
“unified science,” since “unity of science” was the goal for which “unifi-
cation” was the means. The unity of science movement, in laying out and
promoting a unity of science that might otherwise be missed or even not
come into existence, was seeking to foster something—a unifying and co-
operating tendency among the sciences and between science and philoso-
phy, a science made more unified. One thing to attend to in reading current
pluralists is whether they are advocating a “plurified” or “pluralized” sci-
ence and if so, on what grounds. One could, for example, imagine seek-
ing less cooperation between evolutionary theory and anthropology, on the
belief that we have had enough sociobiology already and it is time to do
other things that are more explanatorily promising. But in such a case, is
one’s sense of the need for new things in anthropology due to a commit-
ment to “pluralized” science or to a commitment to better science? This
is where the anxieties about negation are most well placed, I believe. In
good scholastic vocabulary, one might worry that pluralism is genuinely a
negation or a privation since advocating a lack of cross-disciplinary unity
or cooperation as a way forward methodologically seems rather peculiar
advice. “Anthropologists, do not listen to biologists!”” seems an injunction
in need of a further reason. Moreover, it seems to need completion with a
more substantive reason than “Science is plural!”

The example, however, is useful for uncovering a problem that many
have sensed within certain scientific projects and that motivates at least
some pluralists.* Many believe that a Dennett-style Darwinism is not a
cooperative enterprise in the realm of human psychology or anthropolo-
gy; evolutionary theory in those domains is an imperialist doctrine. Here
we enter ground well trod already in the 1970s when disunity of science
was the call of those nascent cognitive scientists such as Fodor (1975) who
wanted to argue for the predictive and explanatory autonomy of the spe-
cial sciences. Of course, the flip side of imperialism is co-optation. Some
biologists worry that anthropologists and psychologists move from their
felt need for evolutionary explanations to the claim that they have such
explanations too quickly. The response by biologists such as Lewontin
(1991) to projects like “evolutionary psychology” is less the distaste of an
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imperialist looking on awkward aboriginal attempts to become civilized
and more the horror with which, for example, inner-city black rappers greet
the white, suburban co-optation of their music.

Early Logical Empiricism
and a Rickertian Form of Pluralism

Let us leave that where it is for the moment and return to the main busi-
ness of this essay, which is teasing out pluralisms worth having by think-
ing about various unities heretofore proposed. Let us begin where many
have located the point of the unity of science project: in ontology. While
this is not the best reading of the mature project (see below), it is cer-
tainly the case that early on the unity of science was often presented in
something like ontological terms. In the Aufbau of 1928, Rudolf Carnap
([1928] 1967, 29) claims to establish the unity of “the object domain of
science.” He does this by presenting a language in which all significant sci-
entific discourse can be formulated. Putative metaphysical things such as
essences, however, cannot be constructed—that is, they cannot be defined
in the language—and this is the fact that Carnap uses to expunge meta-
physical talk. Metaphysics does not speak of things in the object domain
of science; there is only one such domain, and it contains all the objects
that can be referred to, so metaphysics strictly does not speak of anything
at all.

I have been deliberately sloppy about ontological and semantic issues
in what has just been said, precisely because Carnap is sloppy in the same
way. This points to his own subsequent move to semantics, but in part it
is because even in 1928 the point of insisting on the unity of the object
domain of science was not exactly ontological. That is, the point was not
to deny that science investigates many different things, indeed, many dif-
ferent kinds of things; Carnap would not deny that rabbits are different
from electrons even though both are studied by science. Rather, the point
of the unity of science for Carnap in 1928 was to take sides with some
neo-Kantians against other neo-Kantians in a dispute that mixed together
ontological, logical, and methodological issues. This is, of course, the de-
bate over the difference in kind that some claimed obtained between the
Geistes- and the Naturwissenschaften.

Heinrich Rickert ([1929] 1986) and others in the historically minded
Southwest school of neo-Kantianism had claimed that the cultural and the
natural sciences were different in principle because the former were, but
the latter were not, interested in knowing and understanding the individual
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as an individual. That is, Rickert claimed that the mathematical form of
natural scientific knowledge meant that the concepts of natural science
could not uniquely specify individual objects and their activities, but the
cultural sciences would lose their point if one could not speak of indi-
vidual actions of individual agents—no historian is interested in Caesar’s
crossing of the Rubicon as an instance of a general law of events of such
and such an abstract type attending on circumstances similarly abstractly
and generically formulated; historical events are historically interesting
precisely because they are uniquely meaningful. (This is not to deny that
there are many law-governed actions of human beings; it is to deny that
those are the actions that are historically interesting.) The two types of
science, then, differ in relation to individual things, according to Rickert.
Also, they differ according to their need to attribute action based on inten-
tions or reasons. Rickert and others concluded from this that the natural
sciences had a different method of knowing than did the cultural sciences.
Rather than trying to find the proper universal law under which to sub-
sume Caesar crossing the Rubicon, a proper explanation in history would
speak to the significance for Caesar of this action. It would posit plausible
beliefs, reasons, and intentions that would make sense of his action in its
context. The whole epistemic structures of natural and cultural sciences
were different; there was no one way to know everything worth knowing
about the world.

It is this joint ontological and methodological distinctness of natural and
cultural science that Carnap, in this case quite explicitly following Ernst
Cassirer ([1910] 1953), sought to reject by stressing the unity of the object
domain.’ Cassirer and Carnap argued that Rickert had misunderstood the
role of mathematical form in natural science, had misunderstood the for-
mal elements as universals rather than as relational forms constitutive of
individual content. Not only does formalism not deny individuality, but
the individual can only be objectively specified via the formal conditions
that uniquely determine it.°

We need not go into details here. The point in the current context is that
by supporting Rickert against Carnap, we might find a pluralism worth
having: Rather than insisting on there being a variety of kinds of things in
the world—something not many would deny—the pluralist could go as far
as Rickert, even if not doing so to enforce exactly the distinction Rickert
himself wanted. That is, the pluralist could insist that there are different
kinds that can be known only in different ways. We all know that people are
not quarks, but perhaps the proper ways of coming to know things about
people are not the proper ways of coming to know things about quarks.
(Perhaps this is true of zebras and quarks or toasters and humans also.)

Now, I do not have an argument that this form of pluralism is true, or if
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it is true, into how many epistemologically distinct categories kinds would
fall. And of course, one would like there to be some compelling reason
why the knowing relation is different for kind x and kind y. But we do
seem to have a genus of useful pluralisms; one that has various differ-
ent varieties. For example, Hacking’s (1996, 2001) plurality of styles of
reasoning seems, insofar as he does not advocate for the kinds within any
style of reasoning, to be a way of indicating that what in the world we can
know depends on what sort of knowing we bring to the world. Since, on
Hacking’s view, styles of reasoning can and do coexist, he has a robust
pluralism—not the pluralism of the historian who can say “those were the
kinds available given the style of 1650; these are our kinds,” but the plural-
ism of a theorist who can say, “We have experimental, algorithmic, statis-
tical, . . . kinds in our world.”

Of course, if we push further along in this direction and are more un-
easy with relativism than Hacking seems to be, we arrive at a place where
an internal ontology within any style of reasoning is our only place to
speak of ontology at all. We arrive safely, in this way, at a form of plural-
ism that was enunciated within the unity of science movement—Carnap’s
plurality of linguistic frameworks. Of course, if our goal is to enunciate a
form of pluralism, we might resist making the final Carnapian move here:
we might wish to insist that there really are things knowable in only one
way and other things knowable in only some other way. Such talk of the
really real transcending the frameworks themselves is exactly the sort of
talk Carnap eschewed—his pluralism of frameworks has no metaphysical
lessons to teach. So, if we want a metaphysical pluralism, we cannot be
Carnapians.

There is another reason why a pluralist might resist Carnap’s linguistic
frameworks (the case of Hacking’s styles is more complicated and trou-
bling). This reason is more practical than metaphysical. One might wish
to resist the rather totalizing element found in Carnap’s project. It is impos-
sible actually to adopt and use two Carnapian languages at once; one’s
constitutive a priori principles cannot be put on and taken off as needed.
(This is the complication in Hacking’s styles: they coexist in the sense that
we as a culture and we each individually may use more than one of them,
but can we actually use more than one of them in any one bit of reasoning?)
The point is perhaps best made in Carnapian language: Carnap was happy
to say that the choice of linguistic framework was a pragmatic choice and
one that was revisable, but for him it was revisable in toto or not at all
(that’s how semantic holism works). A pluralist might hanker after a more
practical point of view, suggesting that Carnap’s practical decisions were
rather like a carpenter being asked to choose exactly one tool at the start of
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a job and to stick with it. Pluralist carpenters would rather have saws, ham-
mers, screwdrivers, and the rest, as needed—and sometimes one needs to
use both a screwdriver and pliers for one and the same job.

Social and Metaphysical Disorder
and Philosophical Anxiety

There are worries that philosophers are prone to when faced with this sort
of epistemic eclecticism. The standard worry is that such eclecticism is
ultimately a pernicious form of relativism. I think that relativism is the
current successor to skepticism in the realm of what C. S. Peirce ([1885]
1992) very properly called philosophical hypochondria. Philosophers have
theorized knowledge in such a way that significant shifts in belief or in
representational technology lead, in theory, to a sort of anxious night-
mare of people wholly incomprehensible to one another. But this is not
an epistemic phenomenon we are presented with except in the rarest of
circumstances—incomprehensibility is (almost) always local and (almost)
always subject to diagnosis even if not to reasoned resolution.’

Suppose “pluralism” names this position: (1) the theoretical forms of
representation used in the various sciences vary in ways that make those
theories hard to combine; (2) these forms of representation interact in in-
terestingly different ways with the activities of scientists in the lab and the
field, where scientists often use other forms of instrumental representa-
tion; (3) these facts of daily scientific practice may have epistemological
importance and may require new philosophical resources to be properly
understood; (4) let’s investigate this and seek those new resources. Such a
pluralism is important for us as philosophers of science here and now. For
an investigation to be shunted aside because there is a three-move tech-
nique in the philosopher’s game that reduces it to relativism would be a
terrible shame. After all, philosophy of science began not with suspicion
about science, but with suspicion that proper attention to science would
reveal the poverty of the philosopher’s game.

It is not as if philosophers’ current attention to the variety of representa-
tional resources, practices, and technologies in science is “the latest find-
ing” of philosophy of science, in the sense that philosophers now know
something about science that no one ever knew before. The importance
of this variety is not as a piece of new information but as a problem for
philosophy: if we take this variety of representational resources, practices,
and technologies seriously, what has to change in our theories of scientific
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knowledge making? This is a problem for us particularly because we have
our own reasons for thinking that the well-honed tools of philosophy of
science, such as formal logic, are not sufficient for solving it.

My “pluralism in science as a philosophical problem” does not take
sides on what the lessons of pluralism are or whether those lessons are in
fact going to turn out to be epistemologically interesting. I am willing to
believe that Morrison may be right—whatever the importance of plural-
ism, it does not preclude the importance of unity—or even that Creath
may be right—there is nothing particularly new here at all. Unlike the
suggestion in Morrison’s work, however, I am not taking the variety of
representational technologies, practices, and so on as evidence of plural-
ism; I am taking them to be pluralism. They are part of the phenomena
of science-as-practiced. And, unlike the suggestion in Creath’s work, I am
willing to entertain the idea that the logical empiricists both noticed rep-
resentational and methodological diversity in the sciences and radically
underestimated the importance of it.

Helen Longino has raised a different sort of worry about the eclecticism
I have been developing: it is not strong enough to ward off what she takes
to be the proper negation of pluralism, which is a position she calls “mo-
nism.” For Longino, monism is the view that “for every natural process
there is one and only one correct account of it” (2002, 44). Rickert’s ver-
sion of pluralism, for Longino, is not a version of pluralism at all—since
Rickert is committed to there being a uniquely correct account of the ex-
pansion of copper when heated and of Caesar crossing the Rubicon; it is
just that those accounts will be very different.

Unlike Longino, I find it hard to get very exercised about monism. I
suspect that whether one finds Longino’s monism problematic reveals
something about deep philosophical commitments, commitments that peel
the unity issue back well beyond logical empiricism to a previous philo-
sophical era and a more general philosophical issue. Suppose we notice
that scientists use a variety of representational technologies—differential
equations, computer simulations, mechanical models, visual models, what-
ever. Monism is the view that for each (sort of) thing, there is some rep-
resentational technology and some representation in that technology that
gives the single best account of that thing. Well, there are philosophers
who think that that is pretty well necessary because they think that the
ability of symbolic systems of any sort to represent objects at all can only
be explained by virtue of a match between some aspect of the symbol sys-
tem and the nature of the thing being represented. This is representational
realism—the view that representation is possible at all only by a match of
some sort between the real nature of the object and the representational
system itself.
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This representation realism is a form of transcendental realism of ex-
actly the sort that Kant argued against. There are three salient ways of
resisting transcendental realism. The first way is Kant’s way: any empiri-
cally significant talk of objects takes place within a representational sys-
tem, the ability of which to represent cannot be explained by reference to
something wholly external (such as Dinge an sich) to the representational
system. (Kant had no pluralist concerns, of course, because he had no plu-
rality of representational systems.) The second way is Hegel’s way: the ob-
ject is the never given but always pursued endpoint of the dialectic of the
systems of representation themselves.® The third way is Bergson’s way: the
object has a fulsome being that always outruns the ability of any symbol
system to represent it.

Kant, Hegel, and Bergson might seem to be rather lofty figures to bring
to bear on homey facts such as the variety of techniques used to represent
brain activity in psychology and medical science or the variety of formal-
isms in quantum physics. But high philosophy is meant to explain some-
thing about our cognitive lives, so we shall not allow our philosophers to
hide in their studies. A multiplicity of contemporaneous representational
technologies does lend a certain poignancy to disputes between Kant,
Hegel, and Bergson. On the face of things, Hegelian absolute idealism
seems to be worst off. At the very least, the logic of dialectic involves a
succession of representations that seems ill-suited to illuminating a situa-
tion in which the representational systems coexist. Longino seems tempted
by something like Bergson when she writes:

Philosophers who advocate strong forms of pluralism, however, are claim-
ing that the complexity of natural entities and processes (either all such or
just organic entities or processes) eludes complete representation by any
single theoretical or investigative approach. Any given approach will be
partial and completeness will be achieved not by a single integrated theory
but by a plurality of approaches that are partially overlapping, partially au-
tonomous, and resisting reconciliation. (2002, 93)

Here, the order of explanation goes from the ontological thickness of ob-
jects, through the representational thinness of any particular representa-
tional idiom, to the need for a plurality of representational idioms.’

We could take a page from the neo-Kantians, however, and explain the
plurality of representational idioms not by reference to what eludes them
but by virtue of the coordination of the representational idioms themselves.
On this view, the object “brain activity” is constituted via the coordination
of the various representational idioms. The need for the variety comes not
from what goes beyond all of them but from the fact that exactly this object
is uniquely picked out only by reference to all of them. This neo-Kantian
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position might not seem to explain why there must be a plurality of repre-
sentational systems. But then we might ask whether “because the object is
so complex” is really an answer to that question, especially when we note
that not only our evidence of the complexity of the object but also what we
mean by the complexity of the object are that we do have various represen-
tations of the object. This is to say that the multiplicity of representational
systems is not metaphysical necessity; the necessity is an internal one:
given that we have all these representational systems, any given object is
picked out by coordinating among them.!°

Carnap’s Unity of Science Circa 1938

In tracing through some ways of continuing on from negating “the unity
of the object domain” of science, we have—in our discussion of a varie-
ty of representational idioms or technologies in science—actually ar-
rived at a negation of the most prominent account of unity of science in
the Encyclopedia: the unity of science is the unity of the language of sci-
ence.'! This is a view we can associate with Carnap, for whom the question
of the unity of science could not be an ontological question (there being
no such questions) but only a question of the logic of scientific language.
Now, Carnap’s actual view of the unity of the language of science is rather
subtle. The briefest statement of it is this: “the class of observable thing-
predicates is a sufficient reduction basis for the whole of the language of
science, including the cognitive part of everyday language” (Carnap 1938,
60). This view is what Carnap also called “physicalism.”

Among the subtleties of the position is the fact that “observable thing-
predicates” are discovered psychologically but do not refer to private ex-
perience. Thus, observable thing-predicates are predicates like “hot” and
“heavy” and “blue”—predicates not of experiences but of things, and predi-
cates that can be taught pretty well in isolation from other language. Thus,
we can teach someone to assent to or dissent from “hot” as a predicate of
things in a way that does not rely on many judgments and inferences using
other parts of the language. Of more interest to us, however, is the fact that
“sufficient reduction base” does not for Carnap in 1938 mean anything
like “conceptual basis adequate for translational reduction.” Carnap does
not think that the observable thing language is conceptually rich enough
to express what any part of science actually says; it simply supplies the
terms in which scientific terms are introduced via reduction conditionals.
Thus, one might begin to introduce the psychological concept of pain with
a reduction conditional like “If you poke someone in the eye with a red-hot
poker, then if they scream and writhe, they are in pain,” where, ideally,
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the terms of the antecedents (or consequents) that do not involve the intro-
duced term are in the observable thing language.

The unity of the scientific language for Carnap was, even in 1938, very
loose. It involved no definability of terms and no derivability of laws. Nor,
despite the polemical terms of Quine’s attack on Carnap, did it involve
any fictitious history of how the terms were actually introduced into sci-
entific language. Carnap was not in the business of telling just-so stories
about how scientists introduced “temperature” or “pressure” into their lan-
guages; he was trying to enforce a forward-looking criterion of a logically
adequate introduction of concepts into science. We assume that the refer-
ences of behaviorally accessible observational thing-predicates are fixed,
and then we introduce new predicates in ways short of translation but
which tie the application of the new predicates to states of affairs ascer-
tainable wholly in the language of the observable thing-predicates we have
in hand.” Perhaps the place where Carnapian strictures on meaningful-
ness would be best exemplified would be in the Diagnostic and Statistical
Manual if the diagnostic criteria were explicitly understood as meaning
postulates. (If such were the clear role of the DSM, we could have a much
clearer sense of whether the recent explosion in cases of autism, for ex-
ample, is a semantic or a pathological phenomenon.)

Rather than continue to expound or rehearse objections to Carnap’s
unity of the language of science doctrine, I would prefer to focus our atten-
tion on the point of the doctrine. What problem was the unity of the lan-
guage of science meant to solve? Within Carnap’s work, the philosophical
problem is exemplified in this statement about behaviorism in psychology
(Carnap 1938, 58): “Hence there cannot be a term in the psychological
language, taken as an intersubjective language for mutual communication,
which designates a kind of state or event without any behavioristic symp-
tom.” Carnap’s concern was ever directed toward the intersubjectivity of
science: intersubjective agreement with respect to the observable thing-
predicates was a condition for knowing what those predicates meant
(because agreement with the community’s judgment is the criterion for
having learned the predicates), and the reduction conditionals give inter-
subjectively valid test conditions under which the introduced predicates
are applied or denied."

Subjectivity per se is not much of a problem—my preference for Bosc
over Anjou pears should not keep anyone up at night, even if they have
the opposite preference. I want to suggest that the cool, bloodless style of
Carnap’s writing rather masks the key concern that leads to an insistence
on intersubjectively available test conditions in the language of everyday
life within which proper introduction of the scientific concepts occurs. In
order to unmask this concern, I will attempt to be more warm-blooded
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myself and avail myself of more warm-blooded fellow travelers of this
part of Carnap, Neurath, and Dewey.

What was the real concern with metaphysics that motivated the logical
empiricists? It was not that metaphysicians are idle fools, telling stories full
of sound and fury but signifying nothing. It was, rather, that these stories,
while signifying nothing, were not idle and not understood to be foolish.
Metaphysics served ideological purposes—Ilong, detailed theories of value
that no one could understand were nonetheless held to be importantly true
and served to prop up improper systems of authority. When my preference
for Bosc pears comes to be grounded in a long metaphysical story that an-
nounces the superiority of Bosc pears but cannot be understood or evalu-
ated by any who do not agree with it, something epistemically suspicious
is going on. Our suspicions should only increase when such stories serve
to support great disparities of wealth or cover over the misery of much
human life. The concern with metaphysics and with promotion of unity of
science was an effort in the 1920s and 1930s to understand and to solve a
very material and social problem of ideology: what to do with communi-
ties of alleged experts offering theories that were effectively immunized
from internal or external criticism but which proffered explanations of so-
cial, political, or economic conditions?

The logical empiricists theorized metaphysics not as hapless foolishness
but as obfuscation in support of authority and power. The claim, there-
fore, that proper scientific status involves intersubjectivity and that this,
in turn, means explicit connection to the common language we all speak
and to explicit test conditions specifiable in that language makes sense in
this context. If scientific language works like that or can be regimented to
work like that, it exhibits the virtues of transparency and intersubjective
control that metaphysics and ideology importantly lack. Moreover, if all
of scientific language is regimented in this way, it is not only connect-
ed internally, one science to another, but also connected to the lifeworld
and sphere of activity of the ordinary person. The unity of science shows
how science and scientific philosophy do, in fact, “serve life”” and why life
would “receive it” as Neurath, Carnap, and Hans Hahn famously said in
1929 ([1929] 1973). This is why Cartwright et al. (1996) insist on stressing
Neurath’s concern with unity “on an earthly plane” and “at the point of
action.”

This last point is worth emphasizing, since it is the main theme of two
of the six introductory essays in the Encyclopedia, the essays by Neurath
and Dewey, while also being mentioned with some prominence in the in-
troductory essays by Carnap and Charles Morris. Here is Neurath, as he
reaches the crescendo of his essay:



THE MANY UNITIES OF SCIENCE 15

The empiricalization of daily life is increasing in all countries. ... A
meteorologist trained in Denmark may become a useful collaborator to
a Canadian polar expedition; English economists can discuss a Russian
analysis of American business cycles; and Russian economists may object
to or accept the opinions of English economists about the effect of rural
collectivization in the Soviet Union. . .. One can state . . . scientific prog-
nostications in terms of everyday language. . . . Unified science is there-
fore supported, in general, by the scientific attitude which is based on the
internationality of the use of the language of everyday life and on the inter-
nationality of the use of scientific language. (1938, 22-23)

Here is Dewey:

There is also a human, a cultural, meaning of the unity of science. There is,
for instance, the question of unifying the efforts of all those who exercise
in their own affairs the scientific method so that these efforts may gain the
force which comes from united effort. Even when an individual is or tries
to be intelligent in the conduct of his own life-affairs, his efforts are ham-
pered, often times defeated, by obstructions due not merely to ignorance
but to active opposition to the scientific attitude on the part of those influ-
enced by prejudice, dogma, class interest, external authority, nationalistic
and racial sentiment, and similar powerful agencies. Viewed in this light,
the problem of the unity of science constitutes a fundamentally important
social problem. (1938, 32-33)

For good measure, here is the very end of Carnap’s essay:

For very many decisions, both in individual and in social life, we need . . . a
prediction based on the combined knowledge of concrete facts and general
laws belonging to different branches of science. If now the terms of differ-
ent branches had no logical relation between one another, such as is sup-
plied by the homogeneous reduction basis, but were of fundamentally dif-
ferent character, as some philosophers believe, then it would not be possible
to connect singular statements and laws of different fields in such a way as
to derive predictions from them. Therefore, the unity of the language of
science is the basis for the practical application of theoretical knowledge.
(1938, 62)

There are characteristic differences in these three passages, but the
leading ideas are clear enough. The unity of science unites all the sciences
together so that they can yield predictions and support action in the world
of everyday life. The institution of science and of scientifically minded
people has fostered an activist international community of people united
linguistically and in their open and critical habits of mind. Opposed to
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this trend in science and culture is a trend toward divisive, obscurantist,
often nationalistic metaphysical ideologies that condemn human life to ar-
bitrary authority, dogma, and ignorance. Philosophy of science could do
good work by fostering the former and fighting against the latter. This re-
quired a theoretical understanding of what the unity of science consisted
of; Carnap’s account was one such theoretical understanding, based on the
methods of logical analysis so useful in foundations of mathematics and
elsewhere. This is the philosophy of science promoted by exiled Austrians
and Germans and progressivist Americans circa 1938."

Projects in a Pluralism of Science Movement

Let us place pluralism in this context for a moment. Let us fully pry apart
the motivating pretheoretical claim that science is an internationalist and
practical discipline promoting positive change in the world and, as such,
is opposed to fragmenting and dangerous stories in ideology and meta-
physics on the one hand, and, on the other, the particular tools the logical
empiricists circa 1938 had for theorizing this claim.

Most of what we as philosophers of science have been taught has been
on the latter, more internal and theoretical, side of the question. Pluralism,
indeed, received one of its prime impetuses from work by Thomas Kuhn
and others pointing to the variety of representational schemes and media
and the variety of persuasive and pedagogical techniques actually em-
ployed in science. I think the proper attitude toward such work is not that it
“refuted” logical empiricism as much as it seriously undermined the theo-
retical resources and methods for discussing science employed by the logi-
cal empiricists. Here, as usual, Carl Hempel seems to have gotten the tone
exactly right in his 1973 essay critiquing the “standard empiricist constru-
al” of the meaning of theoretical terms:

It might seem that a theory lacking an interpretation in terms that are
clearly understood must be deemed, by strict analytic standards, not to
be objectively intelligible, to lack objective significance. But the standard
here invoked, which has been very influential in logical empiricism and,
indeed, in much of analytic philosophy, is much too restrictive. New con-
cepts can become intelligible, the use of new expressions can be learned,
by means other than explicit linguistic interpretation; and, as the history
of scientific theorizing illustrates, the new linguistic apparatus thus in-
troduced can come to be employed with high interpersonal agreement.
(2001, 216)
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Hempel concludes from this that the entire demand for an account of
meaning of theoretical terms “rests on a mistaken presupposition and thus
requires no solution.”

Since the use of meaning postulates and bridge principles to interpret
theoretical terms was a central aspect of the semantic unity of science proj-
ect, Hempel’s remarks bear some reflection. One can read him as saying
that the problem of the unity of science becomes a problem of the specifi-
cation of the meaning of theoretical terms, and this problem is to be solved
through logical techniques of definition, meaning postulates, reduction
conditionals, only after we have, as philosophers of science, already un-
derstood a logic-based semantics to be the proper tool for formulating our
problems. Hempel (1993) thought Kuhn and others had decisively shown
this to be the fundamental mistake of logical empiricist philosophy of sci-
ence: meaningfulness in science was a natural phenomenon regardless of
the difficulties logic had in helping us to understand it.

This sort of Kuhnian descriptive pluralism of how scientists actually
represent the world and how they teach and transmit their representations
may loosen the hold on the philosophical imagination of the explicit tools
and resources of logical empiricism. It does not, of course, yet speak to
the issue of whether the motivational phenomenon Neurath and Carnap
wished to theorize actually obtains. Do various branches of science fit to-
gether to make predictions and suggest ameliorative actions in the world of
our everyday life, and if they do, do they thereby differ from metaphysics,
dogma, ideology? I think much of the question of pluralism in science im-
portantly revolves around these questions and that these questions are not
very easy to answer.

An example will illustrate the problems I see for answering this ques-
tion. Can biology, climate science, economics, anthropology, and whatever
other sciences that might be of use combine in such a way as to yield prop-
er guidelines for managing the salmon fishery in the Pacific Northwest?'
One might have thought that the answer, ascertainable by simple inspec-
tion, is NO, but, of course, this is not sufficient. Consider two strategies for
answering YES instead:

First, there is the “in principle” YES that says, of course, those sciences
could yield such guidelines if they were all sufficiently far advanced to have
decently articulated theories or models that could interact with one another.
This response yields the “inverse instrumental argument for more science
funding” since it is exactly the failure of instrumental success in climate or
fisheries science models that indicates that they need more funding.

Second, there is the “immunizing” YES that says, of course, those
sciences could yield such guidelines if they were not met throughout by
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improper special interests, social pieties and taboos, and other contami-
nants. Advocates of this strategy abound—they typically “know what the
science says” but blame the politicians, the bureaucrats, the treaties that
grant rights to native peoples, the greed of fish farmers, and other non-
scientific factors for the mess. (That no two of them agree on “what the
science says” only reinforces each of them in their belief that the others
are in the grip of special interests.) If science could proceed untrammeled,
it could speak to the general human interest. Of course, one person’s con-
tamination is another person’s contribution to the debate. Thus, one person
might argue that it is multiculturalism gone berserk to expect that fisheries
scientists should have to listen to native claims of knowledge of salmon
breeding habits—this is the functional equivalent of insisting creationists
have a voice in biological debates. But another might argue that the ac-
counts of the native fishing communities in fact do form the best evidence
we have of changing salmon populations in the coastal waters over the
long term, and after all, it is racist to deny that there is aboriginal expertise
that should be heard in the debates. Someone might even argue that the
native ways of interacting with the environment are more likely to yield
knowledge of what is happening with the fish, a claim that sounds like a
sort of romantic fairy tale to others.

I argue that this sort of debate is the crux of the matter regarding unity
and plurality of science. I have argued, in essence, that unity of science is
the flip side of the demarcation problem for the logical empiricists, and,
as we should all be aware by now, the demarcation problem was for them
and, even more explicitly, for Popper the way of dividing legitimate criti-
cal voices in the culture from “the enemies of the open society.” A plural-
ism that becomes a sort of epistemic multiculturalism and that thus denies
the relevance of the demarcation problem ultimately becomes not a plurali-
ty of science position so much as an implicit faith in liberalism: if we all
work together, we will solve our problems. Such a position need have no
account of science, whether pluralistic or unified, since science has no spe-
cial place in its envisioned world. The fear is that destructive and divisive
dogmatists cannot be removed from the table and that one achieves only
a cacophony of opinions and no consensus for action in such a world. The
unity of science serves as a sort of credentialing system for those worried
in this way: before taking your seat at the table, you must go see Herr
Carnap in the Unity of Science Bureau and have your papers stamped “in
proper epistemic order.”

The trouble, as those like Kuhn who brought the variety of scientific
practices into their central position today have pointed out, is that over-
ly restrictive criteria used in the bureau would have ruled out all but a
few exact scientists and the members of the bureau itself. No one has ever



THE MANY UNITIES OF SCIENCE 19

solved the demarcation problem in a way that allows it to do the job of sort-
ing the cranks from the legitimate voices. A radical pluralism—one that
denies monism, for example—may very well be motivated in the end by
the desire to show that the politics of demarcationism were themselves il-
legitimate, that no universal criteria apply in all cases of sorting the wheat
from the chaff.!® Pluralism of this type may ultimately rest on the convic-
tion that no one is inherently an epistemic goat, forever separated from
genuine knowledge by recognizable epistemic sin."”

I suggest then that our brief historical voyage has offered not merely
some possible pluralist positions, but has also provided some topics as
ways forward in pluralist philosophy of science. These ways forward do
not combine into a single doctrine to be inscribed in the hearts and minds
of pluralists. I have been arguing that the logical empiricists were quite
right to call “unity of science” a “movement” rather than a doctrine; in the
same spirit, | offer pluralism as a movement that can proceed on a variety
of fronts. It is much more appropriate for pluralism to be a set of projects
than for it to be a thesis.

1. One way is to take seriously the idea not that there is no difference
between science and ideology or dogma but that no universal difference
that can withstand critical scrutiny has been enunciated. Pending further
specification of an epistemologically crucial distinction, one might very
well take a page from some sociology of science and propose to treat sci-
ence as “ordinary expertise” no different in kind from the expertise of
politicians, plumbers, or, for that matter, philosophers. This move removes
the need for fretting about a demarcation criterion for science and, thus,
for finding some crucial thing that binds physics together with chemis-
try but not to Hegelianism, Islam, or party politics. We may as well see
fully what the theoretical consequences of such a view are. Let’s explore
multicultural pluralism at least in the ideal and imagine a thousand flowers
blooming—it might not be unattractive.'®

2. Another way forward would be to insist that there is an important
universal demarcation of science from nonscience and, indeed, an impor-
tant sense in which the various branches of science can and, at times, do
cooperate with one another that does not and cannot extend to cooperation
with the nonscientific fields. Here, pluralism of a descriptive kind is defi-
nitely helpful, if only as an aid to clarifying the phenomena. Suppose there
is a clear sense in which the quantum formalism of physics does not quite
match the quantum formalism of chemistry—does this hinder cooperation
and sharing of theoretical knowledge? When? How? Does this differ in
kind from, say, the difference between forms of representation of mean-
ing in linguistic semantics and in philosophical semantics? Are the mean-
ings of pain, illness, and suffering in “the lifeworld” or in “alternative
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medicine” importantly different from and unable to be commensurate
with the meanings of these things in biomedicine? Before we seek to save
the phenomena of unity of science, try finding out what the phenomena
are; and, in the situation in which find ourselves as theorists of science
now, we will have to explore unity despite diversity."

3. If my diagnosis of the demarcation issue for the logical empiricists
is correct, then one issue of relevance to the pluralists is whether the pre-
theoretical concerns of contemporary philosophy of science are quite the
same as those of the logical empiricists. I have suggested that the concern
among the logical empiricists was a demarcation of proper and improper
epistemic authority—ideology as a threat to human life and science as
the enemy of ideology. The sort of pluralism that seems to raise current
political-cum-scientific ire is motivated not so much by an external threat
from metaphysics or ideology or politics to science or to life, but, as we
argued above, a hegemonic or imperialist threat to some scientific ways
forward at the hands of others—Iet us not forget the social factors in au-
tism in a mad rush to a genetic explanation—or even, at times, a worry
that science has hegemonic dominance over other ways of knowing that
have not been given a chance to express their insights. This is to say that
the global epistemic situation has changed—science is less challenged by
nonscientific rivals than it is, at least in part, in danger of losing its hu-
mility with respect to other aspects of human life and belief. So we can
become explicit in our anxieties about hegemonic stances within science.
Moreover, we may wish to borrow not merely from our friends in history
and sociology of science but also from our friends in Continental philoso-
phy to help us theorize knowledge as power.

4. 1 have, at last, used a phrase that I have felt the absence of so far:
epistemic situation. One of the authors in the Encyclopedia, John Dewey,
offered a form of pragmatism that relativized knowledge and methods
to situations. Pluralism seems often presented in the spirit of situational
pragmatism. We might wish to know the causal pathways internal to the
individual that put the individual at risk for breast cancer. We ought not,
however, lose sight of other, equally valid, questions: what environmental
factors put women at risk for breast cancer, when might the individual and
environmental risks properly lead to radical prevention including the psy-
chological and physical trauma of prophylactic mastectomy, and so on. In
other words, pluralism is not simply a reminder that there are many repre-
sentational schemes and many things to know, but an effort to remind our-
selves within a scientific culture that there are many different actions we
might seek to take, many ways we might wish to intervene in the world.
We might wish to object to a theory of truth that says that belief is true if
it satisfies us, but doctrines and methods are very often pursued because
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they are thought likely to satisfy us. Pluralism prods us to wonder about
what ails us and what satisfies or might satisfy us.

5. In the great era of the unity of science, science was theorized as the
epistemic face of proper democratic society. Scientific culture, for Popper,
was the model open society; scientific habits of mind, for Dewey, were the
same habits of mind of liberal democracy; the scientific communities, for
Robert Merton, were bound together by an ethos almost indistinguishable
from the ethos of a properly constituted democratic society. Two things
have happened since the 1930s. First, liberal democracy has itself been put
under pressure; in particular, multiculturalism and other points of view
have raised serious questions about the proper scope and limits of liberal
democratic tolerance. Second, various theorists of science, such as Kuhn,
Michael Polanyi, and David Bloor, have argued that scientific culture is
better theorized not as a liberal society but as a conservative one, bound
together as local communities of practice and pedagogy, as keen to limit
as to promote dissent, and so on. The problems of liberal political theory
and the problems of proper theories of science are two of the great issues
of our day, and, given the background assumption that science and liberal-
ism went together in the theories of science in the early twentieth century,
the two issues are deeply interrelated.?’ Steven Shapin and Simon Schaffer
(1985) argued that problems of the epistemic order were at the same time
problems of the social order. Proper attention to the issues in, motivations
for, and contexts of scientific pluralism in contemporary philosophy of sci-
ence suggests that Shapin and Schaffer were right.

Notes

1. I hasten to note that Morrison does not seek to promote unity at the expense of dis-
unity, but rather seeks a proper understanding of both. Her main targets may even be not
the disunity camp but those who tie unification in science to explanation and understand-
ing, such as Friedman and Kitcher.

2. See, for example, Friedman 1999; Richardson 1998; Uebel 1991, 2000; Stadler
2001; and the essays in Giere and Richardson 1996 and Hardcastle and Richardson 2004.

3. I'had a historian colleague at the University of British Columbia who told a hilari-
ous story of being very annoyed when lan Hacking appeared at a meeting of the Canadian
Society for History and Philosophy of Science meeting in the late 1970s or early 1980s in
order to say that he (Hacking) had “discovered laboratories.” The existence of laboratories
was not news to historians of science. Of course, Hacking did not think he had discovered
something; he was arguing that philosophers had ignored something obvious about sci-
ence to the peril of philosophy of science. Hacking has been arguing ever since that phi-
losophy of science should pay attention to laboratory science. The pluralists strike me as
making a similar claim about variety of different sorts within science. The question really
is, what about this variety is philosophically interesting?

4. It is rather explicit in Dupré 1993, 1996; and Longino 2002.

5. See Carnap [1928] 1967, 122, for the reference to Cassirer in this context.
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6. I take this up in greater detail in Richardson 1998. Since the question of whether
laws expressed relations of universals to particulars was at issue in the debate, one can see
quite clearly why this methodological debate about the cultural sciences ultimately feeds
into the debate about the nature of logic and why Carnap thought the relational logic of
Whitehead and Russell’s Principia Mathematica was exactly the technical tool needed to
make precise Cassirer’s point contra Rickert.

7. The trouble is simple, really: Philosophers insist that the phenomenon of not
knowing what it would be like actually to believe something stems always from not being
able to understand what it is that one is asked to believe. But I can articulate pretty well
what Osama bin Laden or George W. Bush believes while being unable to imagine anyone
both being me and believing it. When Bush acts as if the attack on the World Trade Cen-
ter was wholly incomprehensible and when bin Laden acts as if the actions of the United
States are incomprehensibly evil, they perform the philosophical problem of relativism,
but they lose their credibility in so doing.

8. Longino reads Kitcher’s use of unification as “monistic” (2002, 67), but one
might achieve illumination as well as amusement by conceiving of Kitcher’s (1993) proj-
ect as Hegelian at its core: our final unified picture of the world is not true because we
have a guarantee that it matches the structure of the world; rather, it is true because it is
our final and unified account of the world, which is what we mean by “the structure of the
world.” Resistance to unification is the Negation that must be rendered into Nothing at the
next step of unification. In the absence of resistance we have both maximal unification
and absolute Being. I have read Friedman’s recent work as a form of Hegelianism also,
although Friedman tends toward a more Kantian version than does Kitcher; see Richard-
son 2003a.

9. Longino does not follow Bergson in the pluralism Bergson wants to stress,
which is not really a pluralism within science but a pluralism between science and meta-
physics. For Bergson, the representational poverty of symbol systems, which are neces-
sary for science, comes from a direct metaphysical intuition into the nature of things in
metaphysics. It is of interest, perhaps, that one of Carnap’s explicit targets in the anti-
metaphysical final portion of the Aufbau (Carnap [1928] 1967, 288-300) is Bergson’s “in-
tuitive metaphysics.”

10. For more on coordination as a key concept in neo-Kantian epistemology, see
Ryckman 1991.

11. Interestingly, pluralism does not differ from unity by saying there are not one but
many languages all adequate for the whole of science, but by saying that there are no such
globally adequate languages. I suppose “the nullity of science” is not a rhetorically winning
slogan for a philosophical project.

12. As Creath (1996, 159) says, Carnap is committed to “the requirement that the
applicability of all the concepts that we use in science must at least sometimes be empiri-
cally and publicly testable. This is pretty benign.”

13. Thus, I quite concur with the way Creath (1996) expresses the point of Carnap’s
unity of science doctrine, especially his remarks on the publicity of science.

14. This context is no longer news. It is evoked prominently in Galison 1996, Hack-
ing 1996, and most tellingly in Reisch 2005.

15. Should one seek to claim that such questions are not of much philosophical in-
terest, I wish to note that in May 2003, the Province of Newfoundland was seeking to
renegotiate the Canadian Constitution exactly because of issues of resource management
and the disappearance of the Atlantic cod fishery. This is one place where issues of sci-
entific knowledge, proper governance, legitimate authority, etc., meet and really matter to
people’s lives. If that is not philosophically interesting, so much the worse for philosophy.
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16. Here as elsewhere, philosophy of science can seek help from sociology of sci-
ence. A sociological point of view that stresses the practical need for groups of scientists
to demarcate themselves from nonscientists without trying to find the criteria by which all
science everywhere is demarcated from all nonscience can be found in Gieryn 1999.

17. Some might, uncharitably, say that the internalized standards of analytic phi-
losophy of science do pass muster with the bureau and have thus created a society of self-
styled epistemic sheep, and that this is why the whole field is so constipated and irrelevant.
We philosophers of science form a radically paranoid society, such critics might proceed to
say, that has become void of any content and is concerned wholly and only with the uphold-
ing of such standards within the community—a form of structural Puritanism in which the
standards are themselves the highest value (the latest issue of Philosophy of Science as the
latest Word of God) and for which any violation of the standards constitutes dissolution
and radical evil (Steve Fuller as the Devil).

18. I hasten to add that sociologists who think science is best understood as “ordinary
expertise’” do not seek thereby to advocate this sort of Feyerabendian anarchism; Collins
and Pinch (1993), for example, use the idea mainly as a resource for understanding how
controversial science achieves or fails to achieve consensus.

19. Should it be unclear, allow me to say explicitly that this is an endorsement of, not
an objection to, the argumentative strategy of Morrison (2000). Of course, such a project
may fail, leading us back to a project more like Gieryn’s (1999) in which the bound-
aries around any specific branch of science do get drawn for a time and a place without
“the demarcation problem” ever being solved.

20. I deal with these issues in greater detail in Richardson 2003b.
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Ronald N. Giere

2
Perspectival Pluralism

In this chapter I explore the extent to which a perspectival understand-
ing of scientific knowledge supports forms of scientific pluralism. I will
not initially attempt to formulate a general characterization of either per-
spectivism or scientific pluralism. I assume that both are opposed to two
extreme views. The one extreme is a (monistic) metaphysical realism ac-
cording to which there is in principle one true and complete theory of
everything. The other extreme is a constructivist relativism according to
which scientific claims about any reality beyond that of ordinary experi-
ence are merely social conventions.

I begin with an exemplar of perspectival knowledge, namely, that gained
through color vision, and go on to consider possible pluralistic implica-
tions of this sort of knowledge. I will attempt to extend the lessons from
this exemplar to scientific observation generally and then to scientific theo-
rizing. After exploring connections between the complexity of the world
and a scientific pluralism, I conclude by locating the whole discussion in a
broader framework of a scientific naturalism.

Color Vision

There is now a substantial body of scientific knowledge about the workings
of the human visual system.! In fact, the normal human has several visual
systems. One, utilizing rod-shaped receptors, is sensitive to light across
a wide range of wavelengths from roughly 400 nm to 650 nm (one nano-
meter equals one billionth of a meter), with a peak sensitivity around 500
nm. This system is basically achromatic. A second, chromatic system uti-
lizes three different cone-shaped receptors containing different pigments
with peak sensitivities at roughly 450 nm, 530 nm, and 560 nm, although
there is considerable overlap in sensitivity. These three pigments are con-
ventionally labeled S(hort), M(edium), and L(ong). What gets transmit-

26



PERSPECTIVAL PLURALISM 27

ted to the brain for color vision are differences in the activation of the three
types of pigments, and these differences stimulate two opponent systems,
a red-green system and a yellow-blue system, which together produce the
experience of all color hues. The following is a schematic rendering of the
neural code, where L, M, and S now represent the respective total activa-
tion levels of the three types of pigments:

(L-M)>0=Red [(L +M)-S]>0= Yellow
(L-M)<0=Green [(L+M)-S]<0= Blue

This scheme provides a scientific explanation of the fact that no surface
can appear to be uniformly reddish green (or greenish red). Because of the
nature of this code, the experience must be reddish or greenish or neither,
but never both. Similarly for yellow and blue. These are not a priori truths,
as some philosophers have argued, but experiences for which there is now
a straightforward scientific explanation.

The fact that downstream color processing works with differences in
activation also explains the phenomenon of color constancy, that is, the
fact that the perception of colors is relatively invariant with respect to the
absolute intensity of light over a wide range of intensities. Relative color
differences, for example, appear roughly the same in shadow as in bright
sunlight. Color constancy helps to explain why humans are so strongly
inclined to regard colors as inherent properties of objects themselves.

In short, normal humans have a species-specific colored visual perspec-
tive on the world. The specific characteristics of this perspective are due
to contingent evolutionary circumstances. Other species, including some
birds, are tetrachromats, possessing four different color-sensitive visual
receptors, the fourth typically being in the near-ultraviolet region of the
spectrum. On the other hand, most mammals, including domestic dogs
and cats, are only dichromats, which means they have only one opponent
chromatic processing system.

Even among humans there are major differences in chromatic experi-
ences. It is estimated, for example, that roughly 8 percent of Caucasian
males have some degree of so-called red-green color blindness, so that
their chromatic visual system resembles that of a dichromat.? More dra-
matically, for genetic reasons, some humans suffer from rod achroma-
topsia. Such people, also called rod monochromats, have no cones, only
rods, and thus have no chromatic experiences whatsoever. These humans
experience the world only from a black-and-white perspective.

Focusing on the difference between normal human trichromats and rod
monochromats, we have a clear candidate for a significant case of perspec-
tival pluralism. The visual perspective of most humans is chromatic, while
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for some the visual perspective is solely black and white. What features of
this example might we suppose to be general characteristics of a perspec-
tival pluralism?

One feature that stands out is that there is no straightforward way to
claim that one perspective, say the colored perspective, is objectively
correct, or in some sense uniquely veridical, while the black-and-white
perspective is incorrect, or nonveridical. The fact is that normal human
trichromatic color vision is in no way uniquely correct. It is merely the sys-
tem that evolved along the evolutionary path to Homo sapiens. Within this
normal-colored perspective, one can, of course, distinguish judgments that
would generally be regarded as correct from those that would be regarded
as incorrect. Grass normally appears green, though sometimes brown;
the sky often appears blue, and hardly ever green. One may remember a
friend’s eyes as being blue when, on inspection, they appear dark gray.
So, within the normal colored perspective, color judgments can be quite
robust. The same holds, however, for the black-and-white perspective. A
rod monochromat might remember a surface as being dark with light spots
when, on inspection, it appears as light with dark spots. And there could be
quite robust agreement among rod monochromats as to the relative light-
ness of white pine trees as opposed to Norwegian pines.

On the other hand, there is a clear sense in which the colored perspective
is richer than the black-and-white perspective. There are red and green sur-
faces that would be indistinguishable to a monochromat. A trichromatic
system, we might say, is capable of extracting more information from
the environment. So while it is possible to create a colored image from a
black-and-white image by assigning colors to shades of gray, it is clear that
a colored image that would be judged correct from the perspective of a
normal trichromat cannot be unambiguously extracted from a black-and-
white image of the same scene.

To proceed further, it is helpful to introduce an idealization of a type
common in scientific studies of color vision. Imagine a subject in a dark
room with a neutral surface on one wall. An idealized projector illumi-
nates the surface in such a way as to control the total intensity distribution
of visible light reflected from the surface to the eyes of the subject, that
is, the relative intensity of the light as a function of wavelength across the
whole visible spectrum. This idealization provides a theoretically unique
physical description of the light reaching the retina of the subject.

Is it possible to infer how a particular intensity distribution will be ex-
perienced by a monochromat from how it is experienced by a normal tri-
chromat? The answer, perhaps surprisingly, is no. The experience of the
monochromat is determined by two things: the intensity distribution of the
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light reaching the retina and the relative sensitivity of the monochromat’s
pigment as a function of wavelength. Obviously, the response of the tri-
chromatic system provides no information about the relative sensitivity
of the monochromat’s pigment. But the intensity distribution of the light
reaching the retina cannot be inferred from the response of the trichromat
for the simple reason that various intensity distributions can produce the
same response in a normal trichromatic visual system. The relationship
between intensity distributions and chromatic response is many-one.?

For exactly the same reasons, one cannot infer the response of a non-
normal trichromat from that of a normal trichromat, where a nonnormal
trichromat is one for whom the responses of the three color-sensitive pig-
ments have different peak sensitivities. Thus, even among different sorts
of trichromats, there is a pluralism of perspectives. They respond differ-
ently to the same intensity distributions. And each response may provide a
specific set of both advantages and disadvantages.

Granting that the colored and black-and-white perspectives are differ-
ent, are they compatible? It might seem that they are not. For example,
a monochromat might claim to see a rug as being of uniform brightness
while a trichromat sees a red pattern on a green background. Regarding
these claims as incompatible, however, presumes that colors are objective
properties of objects rather than products of an interaction between light
reflected from objects and particular types of chromatic visual systems.
There is no incompatibility in the fact that the pattern can be detected by a
trichromatic visual system but not by a monochromatic system.*

Can we not say that the reason why different visual systems will not
produce genuine conflicts is because they are all interacting with one and
the same environment? In our idealized experimental situation, for ex-
ample, both monochromats and trichromats may face the same intensity
distribution of light. In this case, it seems that the uniqueness of the world
experienced guarantees the compatibility of different perspectives. I will
postpone inquiring into the status of the claim that the world itself has a
unique structure.

The most common objection to pluralism of any form is that it may lead
to an undesirable relativity. On a perspectival understanding of color vi-
sion, however, while there is relativity to a chromatic system, this relativity
seems not to be especially objectionable. The agreement on color judg-
ments among people sharing a chromatic perspective is quite robust. I will
also postpone raising the obvious question of from what perspective do I
make the preceding claims about the nature of color vision and about rela-
tionships among different chromatic perspectives. I want first to extend the
analysis of color vision to scientific observation more generally.
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Scientific Observation

Today, virtually all scientific observation involves the use of instruments.
My examples are from astronomy and astrophysics, although almost any
contemporary science would do. Readers should think about how what I
say here applies to the scientific instruments with which they are most
familiar.

Consider standard black-and-white photographs of some familiar celes-
tial object, such as the Milky Way, produced with ordinary optical tele-
scopes. Such photographs provide us with a black-and-white visible light
perspective on the Milky Way, regular photographic film being designed
to register light with wavelengths visible to humans. But there are many
other perspectives.

For several years, the Infrared Space Observatory, a satellite-based fa-
cility, produced infrared images of many celestial objects, including the
Milky Way. Infrared light provides a very different perspective on the
universe, one not directly accessible to humans. The colors one sees in
infrared images are false colors produced by computer manipulation of
the original data. Infrared light is of particular interest to astronomers for
several reasons. Because it has the shortest wavelengths, which are not
mostly absorbed by intergalactic dust, infrared images provide the great-
est possible resolution for very distant objects that are typically obscured
by intergalactic dust. Additionally, of course, since the light reaching us
from very distant objects will be red-shifted, many can best be seen in the
infrared.

To say that scientific observation is perspectival relativizes observations
to the perspective of the relevant instrument. There is no such thing, for
example, as the way the Milky Way looks. There is only the way it looks
to each instrument. Moreover, even if it were physically possible to build
an instrument sensitive to the whole electromagnetic spectrum emitted by
a distant galaxy, it would still be blind to things such as neutrinos, which,
we presume, are also emitted. There just is no universal instrument that
could record every aspect of any natural object or process.

It follows that, to maximize observational knowledge of the world, a
plurality of instruments is required, depending on what interesting phe-
nomena there are reasons to suspect might be detected. Thus, among the
first satellite telescopes was the Compton Gamma Ray Observatory, de-
signed to observe such things as supernovas, black holes, and galactic
cores, all thought to produce significant quantities of gamma rays.

Not only are all instruments limited to recording only a few aspects of
the world, they do so with only limited accuracy. There is no such thing as
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a perfectly transparent instrument. This means that there will always be a
many-one relationship between the inputs and the recorded outputs, a re-
lationship determined not only by the inputs, but also by the nature of the
instrument. So we may say that part of the perspective of any instrument is
its built-in margin of error.>

A significant difference between unaided observation and observation
with instruments is that the output of an instrument is a public object,
now often a computer-generated image, but always something available for
public scrutiny. In the end, of course, there is going to be some unaided
observation of something. Otherwise the end product could not be human
knowledge. Part of the design of a good instrument is making the output
salient to human observers. Nevertheless, we should not forget that the
public object itself is always the product of an interaction between an in-
strument and some aspect of the world. Instruments interact with the world
from different perspectives than humans, but never from no perspective.

In the case of human color and black-and-white vision, we concluded
that the different perspectives are consistent and even complementary. The
perspectives of the various instruments used to measure radiation from
parts of the universe are likewise both consistent and complementary. A
source of infrared light, for example, may often be identified with an object
observed optically. Thus, the plurality of perspectives found in scientific
observation does not generate an undesirable relativism. Indeed, observa-
tional plurality is compatible both with a restricted (perspectival) realism
about the objects of observation and also with ordinary standards of evi-
dence for claims about those objects. As with color vision, the compatibili-
ty of different observational perspectives could easily be understood as a
consequence of all observations being observations of a unique world. I
will again postpone considering the status of this possibility.

Scientific Theorizing

I turn now to the second question earlier postponed. From what perspec-
tive have I been talking about the nature of color vision or the capabili-
ties of various instruments to record radiation from astronomical sources?
Behind this question lurks the suspicion that the whole discussion so far
assumes an unacknowledged monism. The general answer is that my dis-
cussion presumes various theoretical perspectives. Theoretical perspec-
tives are indeed broader than observational perspectives, but they remain
perspectives, not absolutes. To see this we need to look more closely at
what constitutes a theoretical perspective.
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The metaphysical realist (monist) understanding of scientific knowl-
edge is facilitated by a particular understanding of the nature of theories
and theorizing. A key component of this view is that theories consist of
sets of laws of nature that should be both true and universal. I won’t at-
tempt to give my reasons for rejecting this view here.® I share this posi-
tion with a number of philosophers of science including Nancy Cartwright
(1983, 1999) and Bas van Fraassen (1980, 1989). What needs to be clear
is that my perspectival view of scientific theories invokes an alternative
understanding of theorizing.

I understand theorizing as the construction of models. Sometimes these
models are actual physical objects, such as Watson and Crick’s original
sheet metal and cardboard model of DNA. Mostly, however, they are ab-
stract objects. Often, as in physics, abstract models are characterized using
interpreted mathematical expressions, but often not, as in much of biology.
How models are characterized is not of fundamental importance. Some
theorizing utilizes high-level principles such as the principle of inertia,
the principle of relativity, or the principle of natural selection. I under-
stand these not as laws in the sense of empirical generalizations, not even
as statements about the world. They function, rather, as descriptions of
highly abstract models that serve as templates for the construction of more
specific (although still abstract) models. Their connection with the world
is thus indirect. The world seems to be such that specific models struc-
tured according to the principles can be made to exhibit a close fit with
systems in the real world. But much model construction in science, as in
ecology and more applied sciences, proceeds without strong principles, re-
lying mainly on mathematical techniques.

Theorizing and observing have both similarities and dissimilarities.
One obvious difference is that, once in the proper situation, the world im-
pinges on humans or instruments in causally direct, though maybe not
fully determining, ways. Theorizing is also constrained by causal interac-
tion with the world, but only indirectly through experimentation, which
involves comparing a theoretical with an instrumental perspective. I am
more interested in the similarities. In particular, theorizing is always par-
tial in the way observing is partial. As an instrument may be able to re-
cord either infrared or ultraviolet, but not both, theoretical principles may
deal with mechanical forces or with electromagnetic propagation, but not
both. Newton’s equations, I would say, define a particular mechanical
perspective on the world; Maxwell’s equations define an electromagnetic
perspective.

As Einstein pointed out, the principles of Newtonian mechanics and
Maxwellian electrodynamics are incompatible. It was partly due to the
perceived incompatibility of these two perspectives that Einstein devel-
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oped the special theory of relativity. But the principles of special relativity
also define only a perspective, although a more general one than the two
perspectives it replaces. The perspective of special relativity differs, for
example, from the perspective of general relativity. It is now well known
that the principles of standard quantum theory and those of general relativi-
ty are also incompatible, quantum principles presuming a flat space-time
as opposed to the curved space-time of general relativity. In my terms,
there is no possible abstract model defined by the conjunction of principles
from these two theories. For the metaphysical realist (monist), this is an
unsatisfactory state of affairs. The one true and complete theory of the
world cannot be an inconsistent theory; what are now typically taken to
be the laws of general relativity and quantum theory cannot all be true. It
is a reflection of their implicit metaphysical realism that many theoretical
physicists are currently engaged in a search for a “theory of everything”
(Weinberg 1992). What are the implications of a perspectival pluralism for
this situation?

I see no way a perspectival pluralist could argue that the search for
grand unified principles of fundamental physics cannot succeed. Or that
the current pluralism of incompatible principles is in itself a good thing.
On the contrary, unifying perspectives, when one can find them, are sci-
entifically desirable on many grounds. One must not forget, however, that
the supposed unified perspective would still be a perspective determined
by whatever might be the principles of that new perspective. On the other
hand, from a perspectival point of view, one need not be too upset with the
current situation in theoretical physics. Good theoretical science does not
require finding genuinely universal principles. Well-fitting models, based
on a variety of principles, are good enough. And, indeed, that is all that
can be found across most of the sciences.

Complexity

Fundamental physics is a highly atypical part of science, even within phys-
ics. The principles of general relativity and quantum theory provide very
abstract perspectives on the world. Space-time theory abstracts away even
the structure of whole galaxies while foundational studies in quantum
theory often focus on isolated individual interactions among elementary
particles.” For many sciences, the complexity of the subject matter puts a
premium on finding even just a few aspects of the subject for which one
can construct well-fitting models.

Remaining for the moment within physics, consider the simple case
of water.® If one is studying diffusion or Brownian motion, one adopts a
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molecular perspective in which water is regarded as a collection of par-
ticles. But the situation is far too complex to adopt a Newtonian perspec-
tive for individual particles. Instead, one adopts a statistical perspective in
which the primary variables are things like mean free path (the average
distance a particle travels between collisions). However, if one’s concern
is the behavior of water flowing through pipes, the best-fitting models are
generated within a perspective that models water as a continuous fluid.
Thus, one’s theoretical perspective on the nature of water depends on the
kind of problem one faces. Employing a plurality of perspectives has a
solid pragmatic justification. There are different problems to be solved,
and neither perspective by itself provides adequate resources for solving
all the problems.

Of course, a metaphysical realist will ask, “But what is water, really?”
assuming that the answer must be “molecules.” But perspectivism yields
the desired answer without giving in to monism. Nothing in perspectiv-
ism dictates that all perspectives are created equal. Some are better than
others in many different respects. In this case, there is a clear asymmetry
in favor of a molecular perspective. That is, from within a molecular per-
spective, one can, in principle, explain how a macroscopic fluid made up
of microscopic molecules could be fitted very well within a perspective
based on principles regarding continuous fluids. We just don’t know how
to construct molecular models of macroscopic fluids, and maybe we never
will. On the other hand, there is no way to construct models within a con-
tinuous fluid perspective to model Brownian motion. So we can say that the
world is such that there is, in principle, a molecular model for all of the
many manifestations of water. In practice, there are many manifestations
of water that can only be modeled within other perspectives. In this case,
while pragmatism dictates a pluralistic attitude toward theoretical per-
spectives, the intuitions, though not the metaphysics, of the metaphysical
realist can be accommodated.

Complexity raises more serious issues in biology. In this respect, biolo-
gy may provide a better paradigm for the sciences than does fundamental
physics. Here the traditional way of dealing with the overall complexity
of biological phenomena has been to distinguish levels of organization:
molecules, cells, organs, whole organisms. The same strategy is used in
the social sciences: individuals, small groups, communities, corporations,
nation-states. Even a metaphysical materialist who presumes that there is
ultimately nothing but elementary particles must agree that there is little
hope of finding a usable reductive theory in either biology or the social sci-
ences.” So models are constructed at various levels, resulting in a pluralism
of perspectives at different levels.
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Though some disagree, I think we can speak meaningfully of fully le-
gitimate explanations, even causal explanations, at various levels. We may
even develop genuine theoretical principles, such as the principle of natu-
ral selection or the law of supply and demand, at levels well above that of
elementary particles. It seems an understatement to say that this plurality
of perspectives at different levels is just a pragmatic response to complexi-
ty. It looks to be a more fundamental and relatively permanent feature of
the biological and social sciences.

On the other hand, few would insist that either biological or social levels
are completely autonomous, particularly not from lower levels.!” Molecular
genetics provides one of the very best examples of the fruitfulness of look-
ing for mechanisms at a lower level. Waters (chapter 9 in this volume) pro-
vides a clear example of conflicts that can arise between groups of scien-
tists working at adjacent levels. The hubris of some molecular biologists in
claiming that molecular biology will ultimately be the whole of biology is
well known. Waters shows that critics of molecular biology may share the
underlying ideology that there should ultimately be a single perspective for
all of biology. The two groups thus end up disagreeing mainly on which
perspective is ultimately the right one. Waters argues, rightly, I think, that
biology, and genetics in particular, is better served by maintaining a plu-
rality of perspectives at different levels.

Longino (chapter 6 in this volume) provides a more complex example
of the same phenomenon. She considers four different perspectives on the
study of human behavior: behavior genetics, developmental systems theo-
ry, neurophysiology, and neuroanatomy. Like Waters, she finds that prac-
titioners in these fields overwhelmingly presume that a single perspective
(their own!) provides the best, or the whole, explanation of the behavior in
question. She concludes that, in this case, maintaining a plurality of per-
spectives promotes scientific progress and thereby a better overall under-
standing of human behavior.

There remain some fundamental questions that are too easily passed
over in arguments for the benefits of pluralism. Few of those who argue for
a pluralism of perspectives presume a plurality of worlds."" The perspec-
tives in question are typically presumed to be different perspectives on a
single world. So what is the status of this presumption? Further, if there
is but a single world, presumably it has a unique structure. What, finally,
is the status of this presumption? If there is a single world with a unique
structure, why should it not be at least a goal of science to discover this
structure? In short, why is the metaphysical realist’s position not at least an
ideal toward which science should strive? But if this is so, what is the basis
for a pluralism of perspectives?
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Metaphysics and Methodology

The claim that there is but one world with its own unique structure sounds
like a bit of metaphysics. It is not as if some scientists had done experi-
ments that indicate that, yes, there is indeed a single world with a unique
structure. In an earlier age this might have been proclaimed a “metaphysi-
cal presupposition” of science. One can even imagine attempts to construct
a Kantian-style “transcendental deduction” of this proposition. Supporting
this understanding of the situation is the unspoken assumption that science
has a kind of deductive structure. The so-called presuppositions then func-
tion as ultimate first premises in all scientific arguments for any empirical
conclusion.'” There is, however, another way to proceed.

A good strategy when confronted with what seems to be a metaphysical
presupposition is to reformulate it as a methodological maxim. The ques-
tion is then not whether some general proposition is true, or how it might
be justified, but merely whether following the maxim is likely to promote
achievement of the goals of a scientific inquiry. This may not be an easy
question to answer, but at least it is an empirical question concerning the
likely results of following a given maxim. It remains within the general
scope of empirical inquiry."

In the present case the maxim would be “Proceed as if there is a single
world with a unique structure.” As stated, this maxim supports the corre-
sponding metaphysical realists’ maxim, “Look for the one true and com-
plete theory of the world, that is, the theory describing the unique struc-
ture of the world.” If one wishes to recommend a pluralistic stance in some
particular area of inquiry, the task is clear. Find reasons why following the
metaphysical realist’s maxim is not likely to promote scientific progress in
the area in question. These should be general empirical reasons.

In the case of fundamental physics, there do not seem to be strong rea-
sons not to pursue a program of unification. Many previous attempts at
unification have been successful, Einstein’s special theory of relativity
being a paradigm case. The only plausible argument for giving up trying
to unify general relativity and quantum theory seems to be that the task is
just too difficult. If Einstein could not do it, who can? But this argument
can also be taken as a challenge to bright people to keep trying. The case
of human behavior (Longino, chapter 6 in this volume) seems to go the
other way. Human behavior is terribly complex. The four fields Longino
examines are quite disparate. It is difficult just to make connections be-
tween, say, behavior genetics and neuroanatomy, let alone attempt some
sort of unification. And it is plausible, as she argues, that all four fields
benefit from mutual criticism. Only the polemics promoting one approach
over all others seem dysfunctional.
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There is another important implication of the “one world” methodologi-
cal rule. If there is a clear conflict in a border area between two levels (or
even between any two areas of interest), this must be regarded as an anom-
aly. Of course, the conflict may involve something that is currently not of
much concern to anyone, or it may involve something that no one has any
idea how further to investigate from either of the conflicting perspectives.
So the conflict may legitimately be put on a back burner. But one cannot
just ignore the conflict altogether on the grounds that we are all good plu-
ralists. There has to be a good scientific reason not to attempt to resolve it.

We may regard the opinion that it must be possible to unify relativity
and quantum theory as an application of this methodological implica-
tion regarding conflicts among perspectives. The research into human
behavior examined by Longino exhibits differences among perspectives
in high-level assumptions about important variables and in methodology.
There do not, in this account, seem to be clear-cut examples of empiri-
cal results or theoretical claims that are both comparable and conflicting.
The perspectives being pursued seem to be largely complementary and
nonoverlapping.

Why Not to Expect Any Model Perfectly
to Fit the Real World

Even if physicists succeed in formulating principles that consistently unify
quantum and gravitational forces, there remains a question as to how well
the resulting models fit the actual universe. And here I do not mean merely
how well the models fit the data. We know actual measurements always
include an ineliminable margin of error. So the best that can be expected
is agreement within the known margin of error. Suppose that were to be
achieved. Could we then justifiably co