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Pragmatic Laws

Sandra D. Mitchellft

University of California, San Diego

Beatty, Brandon, and Sober agree that biological generalizations, when contingent, do
not qualify as laws. Their conclusion follows from a normative definition of law inherited
from the Logical Empiricists. I suggest two additional approaches: paradigmatic and
pragmatic. Only the pragmatic represents varying kinds and degrees of contingency and
exposes the multiple relationships found among scientific generalizations. It emphasizes
the function of laws in grounding expectation and promotes the evaluation of generali-
zations along continua of ontological and representational parameters. Stability of con-
ditions and strength of determination in nature govern projectibility. Accuracy, onto-
logical level, simplicity, and manageability provide additional measures of usefulness.

1. Introduction. In a recent paper, Beatty (1995) argued for what he
calls the evolutionary contingency thesis (ECT). This is the claim that
generalizations about the living world are either just mathematical,
physical, or chemical laws, or are distinctively biological in that they
describe contingent outcomes of evolution. Beatty takes this to imply
that there are no genuine biological laws because ‘“whatever ‘laws’ are,
they are supposed to be more than just contingently true” (p. 46). Sober
(1997) and Brandon (1997) endorse the conclusion that insofar as the
generalizations of biology are contingent, they fail to be laws, and
Beatty (1997) explores further support for ECT from scientific disputes.
I agree with the substantive claims of Beatty and Brandon concerning
the use of biological generalizations in scientific practice and find no
logical error in Sober’s formal representation of these generalizations.
Nevertheless, I will argue that these papers, like most discussions of
biology’s failure to produce genuine scientific laws, are limited by their
shared normative approach to the question. After demonstrating these
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limitations, I will sketch an alternative strategy—a pragmatic approach
to laws—and indicate how it provides a more adequate representa-
tional framework in which to characterize two important features of
scientific practice:

* the variability of types of generalization within the empirical sci-
ences, and

* the nature and degree of contingency characteristic of biological
generalizations.

My paper is an attempt to direct the entire discussion away from the
question of what we should call a law towards an understanding of
how scientific generalizations of various types function in inferences to
satisfy the pragmatic goals of science.

How do we decide whether or not biology has laws? There are three
strategies for pursuing this question: a normative, a paradigmatic, and
a pragmatic approach. The normative approach is the most familiar.
To proceed, one begins with a norm or definition of lawfulness and
then each candidate generalization in biology is reviewed to see if the
specified conditions are met. If yes, then there are laws in biology, if
no, then there are not laws in biology. The paradigmatic approach
begins with a set of exemplars of laws (characteristically in physics) and
compares these to the generalizations of biology. Again, if a match is
found, then biology is deemed lawful. The pragmatic approach focuses
on the role of laws in science, and queries biological generalizations to
see whether and to what degree they function in that role.

2. The Normative Strategy. Beatty (1997), Sober (1997), and Brandon
(1997) all acknowledge the legacy of logical empiricism in their ques-
tioning the existence of biological laws. In that tradition, laws were
initially characterized syntactically as universal generalizations in first
order predicate calculus. The problem of ruling out the merely acci-
dentally true generalizations which share this form forced attempts to
further restrict the definition. These intuitions are familiar. That the
diameter of a sphere of enriched uranium never exceeds 100 meters
instantiates a law of nature. That the diameter of a sphere of gold never
exceeds the same length, is true, but accidentally so. What is required
to draw this distinction is a way to isolate the necessitation of the
consequent condition upon the action of the antecedent in order to
cover only those generalizations that could never, not just had never,
failed to be true. This feature—what has been called natural necessity—
explains why laws, and not accidentally true generalizations, support
counterfactual conditionals, can be confirmed by a small number of
positive instances, and are projectible. Like much in the logical empir-
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icist tradition, this notion of natural necessity was fashioned from the
cloth of logic. Some of the problems with this approach are artifacts
of that history. I will suggest that insofar as natural necessity closely
mirrors logical necessity, it will fail to adequately characterize the em-
pirical relations investigated by science.

Logical necessity is an all-or-nothing affair. Either a statement’s
truth follows necessarily from the truth of a set of statements, or in
virtue of its form, without exception and all times, or it does not. The
security of expectation warranted by logical necessity may well be com-
forting, but that security does not get carried along when expropriating
the notion of necessity to the natural world. The truth of a statement
that is not logically necessary is contingent on other things. All natu-
rally necessary relations represented in lawlike statements in science
are contingent in this logical sense. Hence the distinction between nat-
urally necessary and merely accidental generalizations simply cannot
be drawn on the presence or absence of contingency per se. The di-
chotomous character of the distinction (logically necessary/contingent,
naturally necessary/accidental) must be abandoned. It is the nature and
the degree of contingency, and not the fact of contingency, that sepa-
rates the lawful from the accidental. Making this explicit forces a move
out of the dichotomous space inherited from logical definitions into a
continuous domain of kinds and degrees of contingency that may be
exhibited by scientific generalizations.

A limitation of the normative approach can be seen in the disagree-
ment between Sober and Beatty. While Sober agrees with Beatty that
biological generalizations, if contingent, would fail to be laws, he sug-
gests first, that there are a priori non-contingent biological laws, and
second, that Beatty’s account of evolutionary contingency entails that
for every contingent biological law discovered, there must be a non-
contingent law in which it can be embedded. Sober’s argument depends
on articulating the implicit ceteris paribus conditions antecedent in all
scientific laws. The necessitation relation described by a law holds only
when the assumed boundary conditions are also met. I will argue that
this way to represent the problem obscures just those features of con-
tingency that Beatty ascribes to the characteristically biological.

Beatty claims that distinctively biological generalizations, while true,
are contingent on a particular historical pathway traversed as a result
of evolutionary dynamics. Mendel’s law of the 50:50 ratio of gamete
segregation is true only because the genes determining that ratio had
been selected for in a particular episode in the evolutionary history of
life on this planet. If we had, in Gould’s words, “run the tape again,”
it is likely that different genes would have been available through mu-
tation, different traits would have evolved, and hence different gener-
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alizations would then be true. Indeed, those historical conditions on
which the truth of a generalization is contingent (e.g., those determin-
ing the selective advantage of the 50:50 segregation gene) may change
in the future, rendering the generalization no longer capable of truly
describing the state of nature. Beatty calls this feature ‘weak contin-
gency’. In addition, by ‘strong contingency’ Beatty denotes the fact that
from the same set of conditions with the same selection pressures op-
erating, variant functionally equivalent outcomes may be generated.
“To say that biological generalizations are evolutionarily contingent is
to say that they are not laws of nature—they do not express any natural
necessity; they may be true, but nothing in nature necessitates their
truth” (Beatty 1995, 52).

Sober represents Beatty’s thesis using the following logical formu-
lation:

I -  [ifPthen Q]
to tl t2

Here [if P then Q] is an evolutionarily contingent generalization and I
represents the historical conditions upon which it depends. Sober ar-
gues that in using this representation we can easily see that there really
is a non-contingent biological law being invoked—(L): I — [if P then
Q]J. Sober claims that here are two ways a law of the form L can escape
contingency, either by being analytic or by taking seriously Beatty’s
causal claim that there was a particular set of conditions in evolution-
ary history responsible for P — Q being true. That the mathematical
laws used in biology (like Hardy-Weinberg equilibrium) are logical
truths is neither controversial nor particularly pertinent. That Beatty’s
very argument for contingency is self-refuting is more serious.

Notice what must be presumed to allow Sober the second interpre-
tation. The assumed complex web of present and absent environmental
conditions that rendered the 50:50 gene more fit than other variants,
that did not trade off those consequences via other selective pressures,
that prevented chance and mutation and migration from overriding
the advantage, and so on, is represented simply by L. In addition, the
complicated causal process which gave rise to the relation described by
[if P then Q] is abstracted to the arrow of the material conditional. In
what way does the new law, L, describe a naturally necessary relation
between the antecedent, I, and the consequent, [if P then Q]? One could
argue that if all the conditions which cause the rule to be true have
been identified, then their occurrence must unconditionally necessitate
the truth of the rule. If not, then one could counter that the complete
causal story was not described. That is, insofar as Beatty’s claim that
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evolutionary conditions and processes caused the generalization to be
true, then a non-contingent causal generalization, namely L, should be
capable of describing that. But is it really non-contingent? Suppose L
is a physical, rather than a biological law. Fourier’s law of heat con-
duction, for example, describes necessary causal relations on the pre-
sumption that our universe is in a state of thermal disequilibrium
(Carrier 1995). As far as we know this condition was fixed by the dis-
tribution of particles in the primordial atom, nevermore to change un-
less, that is, the universe were to suffer heat death. Indeed, one expects
the relation described by Fourier’s law to be the only physically pos-
sible true relation of conduction because it depends on a very stable
and enduring set of I conditions. Since the presumption is that thermal
disequilibrium is a standing condition, articulating it explicitly in I is
a mere formality. Sober transforms the explicitly contingent biological
generalization not into a non-contingent law, but rather into an im-
plicitly contingent physical law. This logical sleight-of-hand obscures,
rather than illuminates, the similarities and differences between the
evolutionary and physical relations that causally structure our world.

Two forms of complexity are hidden in Sober’s representation. First,
the set of conditions, I, in the biological story consists in a complex
and unstable conjunction of conditions. In addition the causal story
that lurks in the material conditional is also complex in the sense of
being non-linear. That means that very minor variations in the complex
set I could lead to very dramatic differences in the consequent repre-
sented by [if P then Q]. Even granting that the conditions specified by
I cause the relation described by the consequent rule does not preclude
variant outcomes from being determined. The simplicity of I — [if P
then Q] conceals what is distinctively biological-—namely both the com-
plexity of the conditions upon which the law is contingent and the
complexity of the nature of the dependence. In contrast, while a physi-
cal law, like Fourier’s law, can also be represented as [if P then Q] and
the historically contingent arrangement of the primordial atom be iden-
tified as I, the similarity ends there. The I conditions are stable, in that
arguably they were fixed in the first 3 minutes of the birth of the uni-
verse and are extremely unlikely to change. In addition, in the absence
of thermal equilibrium, Fourier’s law arguably describes the unique
relation of conduction true for our universe.

To summarize, Sober is correct that one may reformulate the weakly
and strongly contingent biological generalizations that Beatty docu-
ments in a simple, logical representation that looks like a physical law.
But what is lost is just the characteristic complexity of biological con-
ditions and causes. It is not that biological generalizations are contin-
gent, but rather sow they are contingent that is significant. Importantly,
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practices of biologists differ from those of physical scientists in ways
that correspond to these differences.

With respect to this latter point Beatty attempts to read the nature
of biological generalizations backwards in an abductive, or transcen-
dental, inference from the form of the relative significance debates in
which biologists are engaged. What, we may ask, must the biological
world be like to make sense of such a practice? I think this strategy is
powerful, and I have engaged in a similar type of argument to explain
what I have called the ‘fact of pluralism’ of explanatory models in
biology (Mitchell 1997). The conclusion Beatty draws is that laws in
biology are not universal and exceptionless, since the debates presup-
pose generalizations of limited scope. Nevertheless, Beatty’s analysis
of relative significance debates suffers from two ambiguities.

First, the debate structure of biologists’ discourse is surely a func-
tion, not just of the ontological conditions of the biological world, but
also of the biologists’ understanding of scientific laws. If they have been
properly schooled with the Popperians, as many of them have, then
they should be looking for bold, universal, exceptionless laws, and their
failure to find them will look like a failure to find laws at all. There
still may be laws in biology, but they will not be recognizable as such
by those blinded by a limited normative definition. So, while Beatty’s
approach has the potential to identify a mismatch between a particular
view of scientific laws and the practices of biologists, it does not yet
address whether or not there might be “laws” otherwise construed in
biology.

Second, there is a conflation of two distinct problems in Beatty’s
claim that ““The relative importance or significance of a theory within
its intended domain is roughly the proportion of phenomena within
the domain that the theory correctly describes’ (1997). Biological ex-
planations invoke multiple models for two reasons:

» a multiplicity of causal factors interact in generating complex
phenomena, and

« different causal factors are restricted to only partially overlap-
ping spatiotemporal domains.

Consider first Beatty’s discussion of the lac operon theory. Though it
was originally promoted to explain gene regulation in all organisms, it
was later discovered not to be adequate to the task. Additional mech-
anisms (negative repression, positive induction and repression, and at-
tenuation theory) were needed to describe the spatiotemporal diversity
of systems from colon bacillus to the elephant. No one mechanism nor
one combination of mechanisms was universal. In contrast, the debate
between selectionist and neutralist theories of microevolution is not
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always about whether just selection or just neutralism operates most
frequently in determining evolutionary outcomes across the domain,
but also concerns the relative contribution of each casual factor in
generating a specific complex outcome. I have argued elsewhere for the
theoretical pluralism of idealized models and the necessary integration
of explanation required to account for multi-factor complexity (see
Mitchell 1992, 1997; Mitchell et al. 1997). Here, I just want to point
out that these ways of failing to be exceptionless laws are different.
While both support theoretical pluralism they entail different scientific
practices in generating acceptable explanations. Within the confines of
the normative approach, these problems are not prima facie distin-
guishable. Rather they are classified identically as failures to be uni-
versal, exceptionless laws.

The normative approach’s set of necessary and sufficient conditions
which must be met by generalizations to qualify as laws provides a
limited conceptual space in which to explore the important differences
among biological generalizations and between them and those of phys-
ics. A law is necessary, or it is not. Sober’s logical representation also
fails in this regard. It is like trying to describe the differences between
Beatty, Sober, and Brandon by first representing them as stick figures.
More must be done to enrich the contingency/non-contingency dis-
tinction in order to adequately describe the varied types of generali-
zations explored in the many sciences. That biological generalizations,
[if P then Q], are contingent on conditions I, does not distinguish them
from physics or chemistry, for these too will reference some more basic
conditions which are true of our world, are not logically necessary, and
upon which the truth of the laws within those sciences also depends. It
is only by attending to the nature and degree of contingency that a
proper understanding of scientific generalizations can be developed.

3. The Paradigmatic Strategy. Let me turn briefly to a paradigmatic
approach to answering the question of whether or not the generaliza-
tions of biology are laws. Here one engages in a primarily descriptive
project which begins with identifying exemplars of laws in physical
science, like Newton’s laws of motion or the ideal gas law, and proceeds
to examine the candidate generalizations in biology to see if they are
similar to the paradigmatic laws. This is the strategy Carrier (1995)
adopted in his critique of Beatty’s ECT. Carrier claims that scientific
laws should support counterfactuals but, pace Beatty, he concludes that
biological generalizations are lawlike. What he provides is a series of
arguments by analogy, detailing the similarity between biological gen-
eralizations and their analogs in physics. Thus, insofar as the paradig-
matic physical laws are laws, and biological generalizations are like

This content downloaded on Wed, 2 Jan 2013 19:36:23 PM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

PRAGMATIC LAWS S475

them, then biology, too, has laws. He shows that all physical laws
invoke boundary conditions, and some physical laws, like those for
high- and low-level superconductivity, have restricted domains of ap-
plicability. In addition he appeals to idealized formulations, like New-
ton’s first law of motion, as evidence of the exception prone character
of some members of the exemplar set.

Rather than explore this strategy in greater detail, I wish only to
point out two problems in pursuing it. The first is a feature of lumping
together all the exemplar laws of physics undifferentiated with the
status of law. Specifically, Carrier seems at times to confuse the depen-
dence of the truth of the consequent of the law upon the conditions of
the antecedent being true (as in Newton’s law of inertia) with the re-
lations described by the law themselves being contingent on historically
specific events (as in the superconductivity laws). This confuses the
contingent relation described in the law (Q is contingent on P) with
the dependence of that relation on other conditions (I — [if P then Q]).
Second, and more importantly, while taking physical laws as paradig-
matic and comparing them with biological generalizations is a useful
enterprise, it leaves open the philosophical question of what a law of
nature is. Biology on this account is no worse off than physics or chem-
istry, and as long as our intuitions about what counts as a law are
secure in the exemplar domain, then our evaluation of biological gen-
eralizations will follow. However, it fails to address the underlying
question of what it is about the cases we identify as exemplar laws that
makes them laws in the first place. Carrier is certainly aware of this
problem, suggesting that given his arguments, in the end, we could just
as well say that there are no laws anywhere in the sciences. Indeed, as
I have suggested, there are significant differences both within the set of
laws of a given science, like physics or biology, and between them. As
this paper argues, a richer conceptual framework allows a detailed ac-
count of these similarities and differences to be explored.

4. The Pragmatic Strategy. Taking a pragmatic approach to scientific
laws replaces a definitional norm and multiple exemplars with an ac-
count of the use of scientific laws. How do they function in experiment,
in explanation, in education or in engineering? The features of gener-
alizations which perform in these roles can be determined, and one
proceeds to see whether and how the generalizations in biology func-
tion as laws. The result is a framework for representing the multiple
types of generalization found in the various sciences. Notice that rather
than a dichotomous space defined by the normative approach, or the
unsystematized space of the paradigmatic approach, this view supports
a multidimensional frame in which to view these varied qualities of
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scientific generalizations. This enhances the investigation of multiple
lines of relationship among generalizations both within a scientific do-
main like physics or biology and between these domains. Brandon’s
(1997) discussion of types of experimentation can be seen as a contri-
bution to this philosophical enterprise.

An important insight in Brandon’s discussion is the recognition that
the multiplicity of practices in biology are driven by both the ontology
of the biological world and the special interests of the scientific com-
munity. He shows that the reason biology, compared to physics, en-
gages in less manipulative and more parameter setting experimental
practices is a function of both the non-projectible, contingent relations
investigated and the history of the epistemic community. Nevertheless,
Brandon (1997) holds to the normative definition that to be laws gen-
eralizations:

1. have nomic or natural necessity;

2. are used essentially in scientific explanation; and

3. receive confirmation from (a small number of) their positive
instances.

Brandon evokes the tension between the acknowledged explanatory
character of biological generalizations and their failure to meet the
stringent conditions of exceptionless universality. In his words: “the
contingent regularities of biology have (a limited range of) nomic ne-
cessity and have (a limited range of) explanatory power, but lack . . .
unlimited projectibility”” (Brandon 1997). Brandon defends the ability
of biological generalizations to explain phenomena and thereby to
function to fulfill one of the clear goals of scientific practice, while
recognizing their failure to satisfy the specified norm of lawfulness. For
him, the tension is resolved by surrendering their lawlike status. Bio-
logical generalizations are projectible and ground explanations but
only within a less than global range. How limited the range is varies
and must be discovered empirically.

While T agree with Brandon’s description of the way biological gen-
eralizations are used in explanation, I disagree that the best way to
acknowledge the special character of biology is to remain loyal to the
limited dichotomous conceptual framework of the normative approach
to laws. By doing so, one privileges a form of generalization which
occurs only rarely, if at all, even in physics. Brandon is led to this
conclusion by rejecting what he takes to be the only alternative, namely
merely extending law status by global edict to broader categories of
generalizations in order to cover the evolutionarily contingent ones. I
also reject this possibility, as it, too, would fail to provide resources for
identifying differences in complexity evidenced by multiple component
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causes, non-linear causal relations and unstable conditionalizations.
The pragmatic approach offers an alternative.

The function of scientific generalizations is to provide reliable ex-
pectations of the occurrence of events and patterns of properties. The
tools we design and use for this are true generalizations that describe
the actual structures that persist in the natural world. The ideal situa-
tion would be, of course, if we could always detach the generalizations
gleaned from specific investigations from their supporting evidence,
carry these laws to all regions of spacetime, and be ensured of their
applicability. Such generalizations would be universal and exception-
less. But some causal structures—in particular those studied by biol-
ogy—are not global. Thus the generalizations describing them cannot
be completely detached from their supporting evidence. Nevertheless,
we can and do develop appropriate expectations without the aid of
general-purpose tools—laws that govern all time and space without
exception or failure. To know when to rely on a generalization we need
to know when it will apply, and this can be decided only from knowing
under what specific conditions it has applied before. To use Sober’s
representation, the conditions I upon which [if P then Q] is contingent
may be located on a continuum of stability. In addition, the nature of
the dependence relation, —, reflects a continuum of strength including
probabilities and multiple determinant outcomes. Life, it turns out is
not as simple as we might have hoped. Our representations of it will
be correspondingly complex.

In addition to the ontological parameters there are other pragmatic
aims for which we use generalizations. Scientific representations can be
evaluated for their usefulness in virtue of:

* degree of accuracy attuned to specified goals of intervention. The
eradication of insect pests may require assessing a relatively crude
lawlike relation between a chemical, say, and the death of the
insect, while increasing the fecundity of other insects, like bees,
may require describing more detailed mechanisms and relations.

* level of ontology. Generalizations about populations may de-
scribe structural relations between trait-groups (like large and
small size on calling frequencies in crickets) or functional groups
(like predators and prey). Some relations described appear only
at a given level and not above or below.

« simplicity. We use generalizations ranging from rules of thumb
like Ptolemaic astronomical “laws” to navigate, to ideal gas laws
that yield approximations within engineering tolerances.

* cognitive manageability. Prior to the development of high-speed
computation, mathematical equations were restricted to solvable
linear formulations.
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The contingency of generalizations in biology or other sciences does
not preclude their functioning as “laws”—generalizations that ground
and inform expectations in a variety of contexts. When we are entitled
to have a particular expectation (the scope of domains to which we can
export an empirically discovered relation) and the degree of strength
of that expectation (in terms of probability or complexity) are dimen-
sions that can be used to compare generalizations within physics or
biology, as well as between them. In the multidimensional space defined
by the multiple aims of scientific practice including the ontological pa-
rameters as well as accuracy, simplicity, ontological specificity, and
manageability, it may well turn out that all or most of the generaliza-
tions of physics occupy a region distinct from the region occupied by
generalizations of biology. The conditions upon which physical laws
are contingent may be more stable through space and time than the
contingent relations described in biological laws. The strength of the
determination can also vary from low probability relations to full-
fledged determinism, from unique to multiple outcomes. Indeed the
causal contribution of particular features may vary in their sensitivity
to environmental conditions including the presence or absence of other
causal factors. While I have only sketched the parameters by which
generalizations may be compared, it is clear that such a conceptual
framework has the resources to display the multiple relationships that
exist among and between generalizations in the sciences.

Rather than bemoan the failure of biological generalizations to live
up to the normative definition of exceptionless universality, the prag-
matic approach suggests a different philosophical project. To under-
stand the multiple relations among scientific generalizations one must
first explore the parameters which make generalizations useful in
grounding expectation in a variety of contexts.

REFERENCES

Beatty, J. (1995), “The Evolutionary Contingency Thesis”, in G. Wolters and J. G. Lennox
(eds.), Concepts, Theories, and Rationality in the Biological Sciences. Pittsburgh: Uni-
versity of Pittsburgh Press, pp. 45-81.

Beatty, J. (1997), “Why Do Biologists Argue Like They Do?”, this issue.

Brandon, R. (1997), “Does Biology Have Laws? The Experimental Evidence”, this issue.

Carrier, M. (1995), “Evolutionary Change and Lawlikeness: Beatty on Biological General-
izations”, in G. Wolters and J. G. Lennox (eds.), Concepts, Theories, and Rationality
in the Biological Sciences. Pittsburgh: University of Pittsburgh Press, pp. 82-97.

Mitchell, S. D. (1992), “On Pluralism and Competition in Evolutionary Biology”, American
Zoologist 32: 135-144.

. (1997), “Complexity and Pluralism” in G. Smith (ed.), Vom Verstindnis der Natur.

Berlin: Akademie Verlag Berlin, forthcoming.

This content downloaded on Wed, 2 Jan 2013 19:36:23 PM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

PRAGMATIC LAWS S479

Mitchell, S. D., R. Daston, G. Gigerenzer, N. Sesardic, and P. Sloep (1997), “The Hows and
Whys of Interdisciplinarity”, in P. Weingart, S. D. Mitchell, P. Richerson, and S. Maa-
sen (eds.), Human by Nature: Between Biology and the Social Sciences. Mahwah, NJ:
Erlbaum, pp. 103-150.

Sober, E. (1997), “Two Outbreaks of Lawlessness in Recent Philosophy of Biology”, this
issue.

This content downloaded on Wed, 2 Jan 2013 19:36:23 PM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p.S468
	p.S469
	p.S470
	p.S471
	p.S472
	p.S473
	p.S474
	p.S475
	p.S476
	p.S477
	p.S478
	p.S479

	Issue Table of Contents
	Philosophy of Science, Vol. 64, Supplement. Proceedings of the 1996 Biennial Meetings of the Philosophy of Science Association. Part II: Symposia Papers (Dec., 1997), pp. i-xxx+S1-S480
	Front Matter [pp.i-xxix]
	Preface [pp.vii-viii]
	Presidential Address
	Some Historical and Philosophical Reflections on Science and Enlightenment [pp.S1-S14]

	Symposium: Causal Asymmetry, Intervention, and Chance
	Causation, Agency, and Independence [pp.S15-S25]
	Explanation, Invariance, and Intervention [pp.S26-S41]

	Symposium: Patterns in the Interrelation of Experiment, Instrumentation, and Theory
	Recycling Expertise and Instrumental Loyalty [pp.S42-S52]
	The Interplay of Instrumentation, Experiment, and Theory: Patterns Emerging from Case Studies on Solar Redshift, 1890-1960 [pp.S53-S64]
	Entering New Fields: Exploratory Uses of Experimentation [pp.S65-S74]
	Verification and Variation: Patterns of Experimentation in Investigations of Galvanism in Germany, 1790-1800 [pp.S75-S84]

	Symposium: Does Functional Neuroimaging Contribute toward Our Understanding of Cognition?
	Functional Neuroimages Fail to Discover Pieces of Mind in the Parts of the Brain [pp.S85-S94]
	PET: Exploring the Myth and the Method [pp.S95-S106]

	Symposium: The Use of Economic Concepts in Contemporary Philosophy of Science
	Caveat Emptor: Economics and Contemporary Philosophy of Science [pp.S107-S116]
	What's Wrong with Invisible-Hand Explanations? [pp.S117-S126]
	On Playing the Economics Trump Card in the Philosophy of Science: Why It Did Not Work for Michael Polanyi [pp.S127-S138]
	An Economist's Glance at Goldman's Economics [pp.S139-S148]

	Symposium: Science and Social Responsibility
	Hydrogeology and Framing Questions Having Policy Consequences [pp.S149-S160]
	Science and the Politics of Hunger [pp.S161-S174]
	Comments on Science and Social Responsibility: A Role for Philosophy of Science? [pp.S175-S179]

	Symposium: Philosophy of Statistics and Epistemology of Experiment: Bayesian vs. Error Statistical Approaches
	Scientific Inference: Two Points of View [pp.S180-S184]
	Error Probabilities in Error [pp.S185-S194]
	Error Statistics and Learning from Error: Making a Virtue of Necessity [pp.S195-S212]

	Symposium: New Work on Time's Arrow
	Mirrors and the Direction of Time [pp.S213-S222]
	What Is 'The Problem of the Direction of Time'? [pp.S223-S234]
	Time Symmetry in Microphysics [pp.S235-S244]

	Symposium: Complexity and Experimentation in Molecular Biology
	Experimental Complexity in Biology: Some Epistemological and Historical Remarks [pp.S245-S254]
	Natural and Artificial Complexity [pp.S255-S267]
	Establishing Genotype/Phenotype Relationships: Gene Targeting as an Experimental Approach [pp.S268-S278]
	Comments on Complexity and Experimentation in Biology [pp.S279-S291]

	Symposium: Models as Mediators
	Models: The Blueprints for Laws [pp.S292-S303]
	The Technology of Analogical Models: Irving Fisher's Monetary Worlds [pp.S304-S314]
	Physical Models and Biological Contexts [pp.S315-S324]
	Models and Representation [pp.S325-S336]

	Symposium: Emergence and Supervenience: Alternatives to Unity by Reduction
	Emergence, Not Supervenience [pp.S337-S345]
	Cognitive Emergence [pp.S346-S358]
	Can Physicalist Antireductionism Compute the Embryo? [pp.S359-S371]
	Aggregativity: Reductive Heuristics for Finding Emergence [pp.S372-S384]

	Symposium: Paul Feyerabend and His Legacy
	Sola Experientia?--Feyerabend's Refutation of Classical Empiricism [pp.S385-S395]
	Feyerabend, Mill, and Pluralism [pp.S396-S407]
	To Transform the Phenomena: Feyerabend, Proliferation, and Recurrent Neural Networks [pp.S408-S420]
	Feyerabend's Retreat from Realism [pp.S421-S431]

	Symposium: Are There Laws of Biology?
	Why Do Biologists Argue like They Do? [pp.S432-S443]
	Does Biology Have Laws? The Experimental Evidence [pp.S444-S457]
	Two Outbreaks of Lawlessness in Recent Philosophy of Biology [pp.S458-S467]
	Pragmatic Laws [pp.S468-S479]

	Back Matter [pp.S480-S480]



