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Philosophy	of	science	deals	with	philosophical	and	foundational	problems	that	arise	
within	science.	It	can	be	divided	into	two	major	strands:	general	philosophy	of	science	
and the philosophies of the individual sciences. General philosophy of science strives 
to understand science as a cognitive activity that is uniquely capable of yielding 
justified	beliefs	about	the	world;	the	philosophy	of	the	individual	sciences	focuses	on	
more	specialized	issues	within	physics,	biology,	psychology,	economics,	etc.	Some	of	
the questions raised by general philosophy of science are: 

•	 What	is	the	aim	(or	aims)	of	science	and	what	is	its	method	(or	methods)?	More	
generally:	What	is science, in the first place, and how does it differ from non-science 
and	pseudo-science?

•	 What	 is	 a	 scientific	 theory	 and	 how	 do	 scientific	 theories	 relate	 to	 (and	 thus	
represent)	the	world?	How	do	theoretical	concepts	get	their	meaning	and	how	are	
they	related	to	observation?

•	 What	 is	 the	 structure	 and	 content	 of	 concepts	 such	 as	 causation,	 explanation,	
confirmation,	theory,	experiment,	model,	reduction,	and	probability?

•	 What	 rules,	 if	 any,	 govern	 theory-change	 in	 science?	 What	 is	 the	 function	 of	
experiment?	What	role	do	values	(both	epistemic	and	pragmatic)	play	in	scientific	
decisions	and	how	are	they	related	to	social,	cultural,	and	gender	factors?	

Some	of	the	questions	raised	by	philosophers	of	the	individual	sciences	concern	the	
basic conceptual structure of particular sciences (e.g., the problem of measurement 
in quantum mechanics, the ontology of space and time, the concepts of biological 
function	 and	 adaptation,	 the	 nature	 of	 psychological	 and	 sociological	 explanation,	
and	 the	 status	 of	 economic	 models).	 Others	 relate	 to	 the	 commitments	 that	
flow	 from	 the	 individual	 sciences	 (What	 is	 the	 right	 interpretation	 of	 quantum	
mechanics?	Are	there	laws	in	the	special	sciences?	What	is	the	status	of	causal	mecha-
nisms?).	The	philosophies	of	the	individual	sciences	have	acquired	an	unprecedented	
maturity and independence over the last few decades. This seems to have been due 
to, among other things, the collapse of simple-minded reductive and hierarchical 
accounts	 of	 how	 science	 is	 ordered.	 Shifting	 attention	 from	 the	macro-structure	 of	
science towards the micro-structure of the individual sciences promises answers even 
to	 the	most	general	philosophical	questions	about	 science.	Still,	 there	 is	 a	 sense	 in	
which	the	science	we	build	is	one,	and	looking	for	a	unified	and	broad	understanding	
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of this science is bound to remain among the central concerns of philosophers of 
science.
	 General	philosophy	of	science	is	as	old	as	philosophy	itself,	especially	if	we	take	into	
account	that	 science	has	 long	been	regarded	as	a	paradigm	of	privileged	knowledge	
(Greek:	 episteme;	 Latin:	 scientia);	 that	 is,	 systematic	 and	 reliable	 knowledge	 of	 the	
world	 as	 opposed	 to	mere	 opinion	 or	 ungrounded	 belief.	 From	 the	 ancient	Greeks	
onwards,	philosophers	have	taken	science	as	an	exemplar	and	sought	to	understand	
its	 nature	 and	 methods.	 Aristotle’s	 view	 –	 which	 prevailed	 until	 the	 seventeenth	
century	–	saw	science	as	a	stable,	deductive	structure	based	on	first	principles.	These	
first principles (about forms and essences) are arrived at from the world as it appears to 
us	by	a	process	that	Aristotle	called	“induction”	(that	is,	for	Aristotle,	by	observation	
and	intellectual	reflection,	not	by	experiment)	and	provide	understanding	of	observed	
patterns	(“knowledge	of	the	reasoned	fact”	–	why	things	have	to	be	the	way	they	are)	
via	their	role	as	premises	in	causal	explanations.	For	Aristotelians,	the	first	principles	
of	 science	are	necessary	 truths	about	 the	natures	of	 things	expressed	 in	qualitative,	
universal generalizations. Thus, Aristotelian science is both realist and empiricist. 
Science	 is	 a	 deductive,	 axiomatic	 structure	 whose	 aim	 is	 causal	 explanation	 (not	
prediction) based on first principles about the essences of things. Those first principles 
are	derived	from	experience	and	known	with	certainty.	Aristotle’s	formal,	deductive	
model	of	science	was	Euclidean	geometry;	his	best	empirical	example	was	biology.	
	 In	 two	 areas,	Aristotelian	 science	 failed	miserably:	 terrestrial	 and	planetary	motion.	
Qualitative	generalizations	such	as	“earthy	bodies	tend	to	move	towards	the	center	of	the	
universe”	and	“Planets	tend	to	move	in	circles	with	uniform	speed	about	the	center	of	the	
universe”	were	incapable	of	accounting	for	the	trajectory	of	projectiles,	the	acceleration	
of falling bodies, or the details of the apparent retrograde motion of the planets against 
the	backdrop	of	 the	 stars.	Beginning	with	Ptolemy,	astronomers	abandoned	the	official	
Aristotelian account of science as they developed increasingly sophisticated, quanti-
tatively	 accurate	 models	 of	 planetary	 motion.	 Some	 astronomers	 remained	 frustrated	
Aristotelian	 realists;	others	became	more	or	 less	openly	 instrumentalists	 (at	 least	about	
astronomy).	After	the	Copernican	revolution	and	the	new	science	of	motion	pioneered	
by	 Galileo	 and	 Descartes	 –	 a	 theory	 that	 applied	 to	 all	 bodies,	 whether	 terrestrial	 or	
celestial	–	the	time	was	ripe	for	a	reassessment	of	the	nature	of	science	and	its	method.
	 For	Galileo,	Francis	Bacon,	and	René	Descartes,	post-Aristotelian	science	required	
a	new	method;	but	the	nature	of	that	method	remained	a	matter	of	dispute.	Was	it,	
ultimately,	inductive	or	hypothetico-deductive;	or	was	it	based	on	some	a priori insight 
into	first	principles?	The	Copernican	revolution	turned	on	a	sharp	distinction	between	
appearance and reality, but the reality that post-Aristotelian science sought to under-
stand	was	covered	by	a	network	of	idealizations	and	abstractions.	The	book	of	nature,	
Galileo	famously	said,	is	written	in	the	language	of	mathematics;	but	describing	the	
mathematical structure of the world does not ipso facto disclose its underlying physical 
structure.	In	hypothesizing	(and	then	testing	by	experiment)	his	law	of	falling	bodies,	
Galileo	explicitly	avoided	any	 inquiry	 into	what	causes falling bodies to accelerate. 
Similarly,	 Isaac	Newton	disparaged	 all	 hypotheses	 (recall	 his	 dictum	hypotheses non 
fingo	 –	 concerning	 the	 causes	 of	 gravitational	 attraction,	Newton	would	 “feign	 no	
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hypotheses”),	 thereby	 placing	 a	 constraint	 on	 legitimate	 science:	 all	 metaphysical,	
speculative,	 and	 non-mathematical	 hypotheses	 that	 aim	 to	 explain	 phenomena	 or	
to	provide	their	ultimate	ground	–	whether	from	Aristotle	or	from	Descartes	–	were	
disparaged	 as	 unscientific.	Newton’s	 inductivist	 philosophy	 seemed	 to	 limit	 science	
to the discovery of testable laws about observable phenomena (horizontal induction), 
thus ruling out inquiry into the micro-structure of bodies (vertical induction).
	 Newton’s	friend	John	Locke	shared	his	pessimism	about	vertical induction. Though 
Locke	allowed	that	knowledge	of	real	essences	(basically,	truths	about	the	underlying	
micro-structure of things) might be possible in principle, he strongly doubted that we 
would	ever	come	to	know	them	because	of	the	limitations	of	our	perceptual	faculties.	
Since	real	essences	cannot	be	known	through	intuition	or	demonstration	(the	other	
two	 sources	 of	 knowledge	 for	 Locke)	 he	 concluded	 that	 natural	 philosophy	 of	 the	
unobservable realm would never become genuine science (that is a body of certain 
knowledge,	as	opposed	to	probable	belief	or	mere	opinion).	David	Hume	went	much	
further	in	this	skeptical	direction.	He	argued	that	all	factual	beliefs	(hence	all	beliefs,	
however probable, about what causes what) are derived, not from reason, but solely 
from	experience	by	inductive	inference.	Induction	(even	of	the	horizontal	kind	about	
observable	 objects)	 does	 not	 wear	 its	 justification	 on	 its	 sleeve,	 and	Hume	 argued	
that	any	attempt	to	show	that	it	 is	 justified,	based	on	experience,	would	be	circular	
and	hence	question-begging.	Although	Newton	was	Hume’s	scientific	model,	Hume	
denied	that	Newtonian	science	could	be	given	any	rational	or	justified	foundation	of	
the	sort	demanded	by	Aristotle,	Descartes,	or	Locke.	The	best	we	can	do	is	to	codify	
and describe patterns of inference (such as induction) that form part of human nature 
and	scientific	practice.	Thus	Hume	is	seen	by	some	as	the	first	naturalistic philosopher 
of science.
	 Immanuel	kant	found	Hume’s	radical	empiricism	unable	to	do	justice	to	the	magnif-
icent	edifice	of	Newtonian	mechanics.	kant	was	struck	by	the	complete	confidence	
with	which	 scientists	 apply	Newton’s	 laws	 of	motion	 and	 gravitation	 to	 all	 bodies,	
no	matter	how	small	or	how	distant.	It	seemed	that	Newton’s	laws	had to be true in 
order	to	justify	such	confidence;	their	unrestricted	universality	and	apparent	necessity	
outstripped	anything	that	can	be	derived	from	experience	by	inductive	generalization.	
kant	undertook	to	show	that	although	all	knowledge	starts	with	experience	 it	does	
not arise from it: it is actively shaped by the a priori categories of the understanding 
(concepts such as causation and substance) and the forms of pure intuition (space 
and	time).	kant	thought,	in	effect,	that	there	are	unchanging,	universal,	and	a priori 
principles	of	knowledge	 (synthetic	a priori truths) that lie at the heart of empirical 
science	and	that	they	can	be	revealed	by	philosophical	investigation.	kant’s	ration-
alist interpretation of science was eventually challenged by developments in geometry 
and	arithmetic	(especially	the	discovery	in	the	nineteenth	century	of	non-Euclidean	
geometries)	 and	 was	 shaken	 by	 the	 emergence	 of	 relativity	 theory	 and	 quantum	
mechanics	that	formed	the	new,	post-classical,	framework	for	science	in	the	twentieth	
century.
	 It	was	during	the	twentieth	century	that	philosophy	of	science	emerged	as	a	distinct	
yet central part of philosophy and acquired its own professional structure, departments, 
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and	 journals.	 By	 and	 large,	modern	 philosophy	 of	 science	 has	 been	 the	 product	 of	
philosophically informed scientists who, in the midst of fierce theoretical battles over 
the credentials of emerging scientific theories (e.g., atomism and quantum mechanics), 
felt the need to understand better the aim and structure of scientific theories, the role 
of	hypotheses	and	experiment	in	science,	the	origins	and	justification	of	central	scien-
tific	concepts,	and	the	nature	and	limits	of	explanation.	The	likes	of	Pierre	Duhem,	
Henri	 Poincaré,	 Ludwig	 Boltzmann,	Heinrich	Hertz,	 Albert	 Einstein,	 Ernst	Mach,	
and	Max	Planck	 (to	 name	 but	 some	 of	 the	 best	 known)	 produced	well-articulated	
methodological,	and	philosophical	works	concerning	the	status	of	scientific	theorizing	
and the nature of scientific method. 
	 Most	of	the	“-isms”	that	have	become	prominent	in	twentieth-century	philosophy	
of science (realism, instrumentalism, conventionalism, positivism, etc.) were advanced 
as responses to the crisis in the sciences: not only new theories were needed, but also 
new	ways	to	understand	what	science	is	and	how	it	works.	Quantum	mechanics	and	
the theory of relativity cast into doubt the philosophical foundations on which not 
only	 classical	 physics,	 but	 also	 science	 as	 a	whole	 and	 its	 claim	 to	 knowledge,	had	
rested.	 On	 the	 one	 hand,	 Hermann	 von	 Helmholtz’s	 rallying	 cry	 “Back	 to	 kant!”	
encapsulated	 one	 distinctive	 tendency	 among	 scientists	 to	 look	 to	 philosophy	 for	
conceptual	help	–	at	least	when	it	came	to	securing	a	place	for	a priori principles in 
our	understanding	of	 the	world.	On	the	other	hand,	 John	Stuart	Mill’s	controversy	
with	Auguste	Comte	over	the	role	of	induction	and	of	particular	facts	in	knowledge	
highlighted	 that,	even	among	 those	who	gave	experience	 the	first	and	 last	word	 in	
knowledge,	there	was	substantial	disagreement	as	to	what	exactly	should	be	counted	
as	the	scope	and	limits	of	experience.	The	relationship	between	the	“factual”	and	the	
“rational”	(to	use	one	of	Ernst	Cassirer’s	happy	phrases)	in	doing,	and	thinking	about,	
science was being renegotiated and redrawn.
	 The	new	logic	of	Gottlob	Frege	and	Bertrand	Russell,	and	the	development	of	David	
Hilbert’s	formalistic	program	in	mathematics,	presented	a	first-rate	opportunity	to	the	
young	 philosophers	 and	 scientists	 who	 gathered	 around	 Moritz	 Schlick	 in	 vienna	
in	 the	early	1920s	 to	employ	 formal	methods	 in	an	attempt	 to	clarify,	 analyze,	 and	
solve	(or	dissolve)	traditional	philosophical	disputes.	It	was	thought	that	philosophy	
itself	would	become	a	rigorous	enterprise	–	scientific	philosophy	–	and	would	be	set	
apart, once and for all, from empirical science as well as (meaningless) metaphysics. 
Armed with a criterion of meaningfulness (in slogan form: non-analytic statements 
are	meaningful	–	“cognitively	significant”	–	 if	and	only	 if	 they	can	be	verified),	the	
logical positivists thought they could secure a distinction between the rational and the 
factual within the scientific theories, while at the same time distinguishing sharply 
between	 science	 and	metaphysics.	 In	 the	 1930s,	 philosophy	 of	 science	 became	 the	
logic	of	science:	the	logical–syntactic	structure	of	the	basic	concepts	of	science	should	
be laid bare so that their conditions of application would be transparent and intersub-
jectively valid. The dominant view separated sharply between the context of discovery 
and the context of justification. This project of the logic of science culminated, in the 
1950s,	in	Rudolf	Carnap’s	attempt	to	devise	a	formal	system	of	inductive	logic	and	in	
Carl	Hempel’s	deductive–nomological	model	of	explanation.	Though	karl	Popper	put	
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forward a different conception of scientific method, based on the falsifiability of scien-
tific	hypotheses	and	the	rejection	of	inductivism,	Popper’s	critical	rationalism	shared	
with logical positivism the hostility to psychologism and the view that philosophy 
of	 science	 is,	 by	 and	 large,	 a	 normative	 enterprise.	 Before	 the	 1960s,	 philosophy	
of science had become synonymous with anti-psychologism, anti-historicism, and 
anti-naturalism. 
 This conception of philosophy of science was strongly challenged by three 
important	and	influential	thinkers.	First,	W.	v.	Quine	rejected	the	analytic–synthetic	
distinction	 that	 lay	 at	 the	 heart	 of	 the	 logical	 positivist	 approach.	He	 argued	 that	
no a priori principles were necessary for science, based mostly on the claim that no 
principle	is	immune	from	revision.	In	line	with	this,	the	factual	and	the	rational	were	
not	 as	 sharply	 separated	 as	 had	 been	 thought	 by	Quine’s	 predecessors	 –	 empiricists	
and	rationalists	alike.	Quine	rehabilitated	naturalism,	viz.,	the	view	that	philosophy	
is continuous with science and that there is no special philosophical method (by 
means of a priori	conceptual	analysis)	in	virtue	of	which	philosophical	knowledge	is	
distinct	from,	or	superior	to,	the	empirical	knowledge	afforded	by	the	sciences.	Despite	
Quine’s	commitment	to	naturalism,	he	showed	little	interest	in	the	rationale	for	the	
non-deductive principles that scientists employ in choosing between rival theories or 
in deciding which components of scientific theories to modify or retain in the face of 
experiment	and	observation.	Similarly,	 though	 it	 is	not	 inconsistent	with	his	holist	
view of theories, Quine largely ignored the insight (emphasized by several of the 
logical	positivists;	often	under	the	guise	of	conventionalism)	that	some	components	
of theories (especially those in physics), play a special role: they provide a constitutive 
framework	 that	 the	 rest	of	 the	 theory	presupposes	and	without	which	 its	key	 terms	
cannot	be	defined.	(Think,	for	example,	of	the	role	of	space	and	time	in	Newtonian	
mechanics.)	 These	 framework	 components	 are	 not	 immutable	 or	 unrevisable;	 but	
they	 have	 a	 special	 status	 that	 has	 been	 aptly	 described	 as	 “relativized	 a priori.”	
Insulated	from	the	possibility	of	any	direct	confrontation	with	experiment,	they	are	
usually revised or abandoned only when the entire edifice constructed around them is 
replaced. 
	 Second,	Wilfrid	Sellars	attacked	instrumentalism	(the	view	that	scientific	theories	
are merely instruments for classifying, summarizing, and predicting observable 
phenomena)	 and	 defended	 scientific	 realism.	He	 argued	 for	 the	 explanatory	 indis-
pensability	of	unobservable	entities:	unobservables	posited	by	a	theory	explain	directly 
why	observable	entities	behave	the	way	they	do	and	obey	empirical	laws	to	the	extent	
that	 they	 do.	Thus	 Sellars	 rejected	 the	 so-called	 “levels”	 or	 “layer-cake”	 picture	 of	
science	–	the	view	that	there	is	a	strict	hierarchy	of	explanation,	first	from	theories	to	
empirical	laws,	and	then	from	laws	to	individual	observable	objects	–	that	had	been	a	
core presupposition of the reductionist program of the logical positivists and empiri-
cists.	Sellars	also	attacked	foundationalism	in	epistemology	by	revealing	and	rejecting	
“the	myth	of	the	given,”	viz.,	the	view	that	experiential	episodes	(“the	given”)	directly	
justify	 some	 elite	 subset	 of	 one’s	 beliefs.	 In	 its	 place,	 Sellars	 articulated	 a	 form	 of	
kantian	empiricism	that	distinguishes	between	two	sorts	of	empirical	generalizations	
in science: those connected fairly directly to observation by inductive inferences 
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(broadly	 construed);	 and	 those	 constitutive	 principles,	 expressed	 using	 theoretical	
terms,	that	connect	with	experience	indirectly	through	their	explanatory	power.
	 Finally,	Thomas	kuhn	argued	that	any	adequate	understanding	of	science	should	
pay	 serious	 attention	 to	 the	 actual	 history	 of	 science	 (as	 opposed	 to	 the	 “rational	
reconstructions”	concocted	by	philosophers	of	science	as	an	idealized	substitute).	This	
historical turn repudiated the view of the philosophy of science as a purely conceptual 
activity.	kuhn	denied	that	theory-change	in	science	is	governed	by	rules,	and	–	taking	
a	cue	from	Duhem	–	he	stressed	the	role	of	values	(both	epistemic	and	pragmatic)	in	
scientists’	decisions	about	which	theories	to	pursue	and	accept.	Interestingly,	all	three	
thinkers	were	influenced,	in	differing	degrees,	by	American	pragmatism.	Pragmatism’s	
disdain	for	drawing	artificially	sharp	distinctions	and	its	emphasis	on	fallible	experience	
(not reason or philosophical analysis) as the sole arbiter of scientific practice helped to 
undermine the rationale for the logical positivist way of doing philosophy of science.
	 By	the	1960s,	philosophy	of	science	saw	the	rise	of	psychologism,	naturalism,	and	
historical studies. From then on, the findings of the empirical sciences were allowed to 
have a bearing on, perhaps even to determine, the answers to standard philosophical 
questions	 about	 science.	 One	 particularly	 interesting	 strand	 in	 the	 naturalist	 turn	
favored the use of findings in cognitive science in an attempt to understand how 
theories	 represent	 the	world,	 how	 theories	 relate	 to	 experience,	 and	how	 scientific	
concepts are formed. Another development was the growth of sociological studies 
intent on understanding science as a social practice amenable to the same empirical 
study	as	any	other	human	activity.	But	 the	 real	bite	of	 the	naturalist	 turn	was	 that	
it made available a totally different view of how scientific methods (and inductive 
methods	 in	particular)	are	 justified.	Naturalists	 regard	methodology	as	 an	empirical	
discipline that is part and parcel of natural science: methodological norms are 
hypothetical imperatives	that	link	methods	and	aims;	their	justification	is	a	function	of	
their (empirically certified) effectiveness in bringing about those aims.
	 Until	the	early	1980s,	philosophy	of	science	was	preoccupied	with	grand	theories	of	
how	science	grows	and	how	theories	change.	kuhn	himself	offered	such	a	theory,	based	
on the claim that long periods of normal science, governed by a dominant paradigm, 
are punctuated by short but turbulent periods of scientific revolution which engender 
new	 and	 competing	 paradigms.	 Imre	 Lakatos	 devised	 his	 methodology of scientific 
research programmes	in	an	attempt	to	combine	some	of	the	insights	of	the	Popperian	
view	of	science	–	most	notably	that	theories	should	be	abandoned	when	they	conflict	
with	 experience	 –	with	 the	kuhnian	view	 that	 there	 are	no	 algorithmic	 rules	 that	
govern theory-change. The historical turn showed that the received rational recon-
structions of science were often caricatures, self-serving distortions of the historical 
record	produced	by	philosophers	in	the	grip	of	normative	theories.	Yet,	the	historicists’	
grand models of science turned out to be equally unsatisfactory, if only because the 
individual sciences are too diverse to be lumped under grand macro-models.
	 In	 the	 1930s	 and	 1940s,	 the	 dominant	 dogma	was	 the	 unity	 of	 science,	 favored	
by	the	logical	empiricists.	Driven	by	epistemological	motives	(and	more	specifically,	
by	 the	 empiricist	 doctrine	 that	 all	 meaning	 derives	 from	 experience),	 the	 logical	
positivists aimed, in effect, at a double reduction: the reduction of the language of 
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the special sciences to the language of physics and the reduction of the language of 
physics	to	the	intersubjective	thing-language.	By	the	1980s,	the	current	had	shifted	
towards	the	disunity	of	science.	Physicalism	was	widely	accepted	because	of	the	wide	
cosmological role ascribed to physics: physical entities are the ultimate constituents 
of everything there is (at least everything in space and time), and so all truths about 
the	 world	 should	 be	 reducible	 to	 truths	 about	 those	 entities.	 But	 the	 advances	 in	
the	 special	 sciences,	 their	 explanatory	 and	 predictive	 strengths	 and	 their	 empirical	
successes made it all the more difficult to argue against their autonomy from physics. 
Jerry Fodor (among others) made a strong case for non-reductive physicalism by 
arguing that the ontic priority and generality of physics does not imply reductionism. 
The	special	sciences	formulate	proper	laws	connecting	natural	kinds;	those	laws	and	
kinds	 play	 an	 ineliminable	 explanatory	 and	 predictive	 role.	 What	 else	 should	 we	
require to regard psychology, biology, and chemistry as genuine (and autonomous) 
sciences?
	 The	renaissance	of	scientific	realism	in	the	1960s	resulted	in	an	epistemic	optimism	
with	regard	to	science’s	claim	to	truth,	though	new	forms	of	empiricism	emerged	in	the	
1980s.	In	the	1950s,	Humean	views	of	causation	and	laws	of	nature	ruled:	there	is	no	
necessity	in	nature;	laws,	qua	cosmic	regularities,	are	contingent;	causation	is	(more	
or	less)	regular	succession.	By	the	1980s,	non-Humean	accounts	of	causation	and	laws	
had	taken	center-stage.	 It	was	generally	accepted	that	an	appeal	 to	causation	could	
cast light on a number of important philosophical issues, such as the justification of 
beliefs, the reference and meaning of theoretical terms, and the nature of scientific 
explanation.	Along	with	 it	 came	a	 resurgence	of	Aristotelianism	 in	 the	philosophy	
of	 science.	 Essentialism	 acquired	 new	 currency	 and	 the	 belief	 in	 the	 existence	 of	
necessity	 in	nature	 (which	 is	 knowable	a posteriori)	 again	 became	popular.	 Prior	 to	
the	 Second	 World	 War,	 most	 philosophers	 of	 science	 had	 considered	 metaphysics	
meaningless because it transgressed the bounds of meaningful (verifiable or analytic) 
discourse	captured	by	mathematics	and	science.	But	as	the	century	was	drawing	to	a	
close, philosophers of science had to swim in deep metaphysical waters in order to 
address	a	number	of	key	issues.
 Though the application of formal methods in the philosophy of science seemed to 
be	under	attack	in	the	1970s,	a	fresh,	over-arching,	formal	approach	to	many	problems	
in	the	philosophy	of	science	has	become	very	influential:	Bayesianism.	Based	on	the	
probability	calculus,	Bayesianism	aims	to	provide	a	general	framework	in	which	key	
concepts, such as rationality, scientific method, confirmation, evidential support, and 
inductive inference, are cast and analyzed. Though there is no systematic and well-
worked	out	alternative	to	Bayesianism,	many	of	its	critics	regard	it	as	simply	part	of	
the legend that has animated most philosophy of science, at least in the first half of 
the twentieth century, viz., that there is a topic-neutral characterization of scientific 
method	and	a	formal	explication	of	the	central	scientific	concepts.
	 Philosophy	of	science	continues	to	be	a	vibrant	field:	terrain	has	shifted;	fresh	ground	
has	been	broken;	old	ideas	have	resurfaced	and	been	given	new	life.	More	importantly,	
philosophy of science has cast light both on science as a whole and on individual sciences 
(including established sciences, such as chemistry, that had previously drawn little 
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systematic attention, and new sciences, such as cognitive science). Recently, philosophy 
of	science	has	also	started	looking	at	its	own	past	with	an	eye	to	gaining	a	better	under-
standing	of	its	development	and	what	was	at	stake	in	past	intellectual	battles.
 This volume is a state-of-the-art collection of essays on some of the most central 
and perennial issues in the philosophy of science. The Companion is divided into four 
parts: 

I	 Historical	and	philosophical	context	
II	 Debates
III	 Concepts
Iv	 Individual	sciences.

	 The	 chapters	 of	Part	 I	 place	philosophy	of	 science	within	 a	broader	 context,	 by	
showing	 how	 the	main	 issues	 that	 philosophers	 of	 science	 think	 about	 are	 related	
to issues, themes, and problems in other philosophical areas, most notably in logic, 
epistemology, metaphysics, philosophy of language, and the history of philosophy. 
Several	of	the	chapters	discuss	the	main	schools	in	twentieth-century	philosophy	of	
science	and	contribute	to	the	growing	trend	to	reappraise	and	re-examine	the	basic	
tenets and views of those schools and their place within the broader philosophical 
enterprise. 
	 Understanding	the	main	debates	in	the	philosophy	of	science	is	the	central	theme	
of	Part	 II.	The	chapters	present	 in	 a	 careful	 and	 lively	 fashion	 the	development	of	
the important debates, the basic stances, conceptions and theses, as well as the main 
arguments and lines of defense. The authors are major participants in those debates 
and	hence	they	make	no	secret	of	their	own	commitments	and	point	of	view.	After	
all, there is hardly any neutrality in philosophy.
	 The	aim	of	Part	III	is	to	explain	the	structure	and	content	(if	you	like,	the	debate 
about the content) of controversial concepts that are involved in many disputes in 
the philosophy of science. The chapters analyze the concepts in some detail, show 
their development, refinement or change, unravel their role in a number of philo-
sophical	problems,	 and	present	 the	authors’	 own	views	as	 to	how	 they	ought	 to	be	
understood. 
	 Finally,	Part	Iv	surveys	some	of	the	main	issues	that	arise	within	eight	individual	
sciences (or clusters of sciences, such as social science and cognitive science). These 
chapters discuss foundational issues within particular disciplines as well as their 
connections with broader problems in the philosophy of science. 
	 We	have	been	fortunate	to	have	had	fifty-eight	outstanding	philosophers	working	
with	us	to	produce	this	volume.	Their	chapters	display	some	of	the	best	work	currently	
being	done	in	the	philosophy	of	science,	while	offering	a	balance	between	explaining	
standard	views	and	advancing	new	ideas	and	criticism.	We	thank	them	wholeheartedly.	
Their contributions demonstrate the pluralism and richness of current philosophical 
thinking	about	science.
 The chapters in this Companion range widely over the philosophy of science at 
the beginning of the twenty-first century. There are some inevitable overlaps, but we 
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believe	they	make	the	volume	livelier	by	offering	different	and	competing	points	of	
view on related topics. At the end of each chapter there are cross-references to other 
chapters and suggestions for further reading. These are intended to help readers to 
follow	up	points	of	interest	and	to	plunge	into	some	of	the	exciting	work	that	is	not	
directly referred to in the chapters.
	 Work	for	this	Companion	has	taken	nearly	four	years	to	complete	as	we	persevered	
through	some	setbacks	and	delays.	Many	thanks	are	due:	to	Tony	Bruce	of	Routledge	
(who had the idea of the Companion) and his team who showed us unfailing support 
and	encouragement;	to	Ron	Price	for	his	deft	copyediting	and	to	Andrew	Watts	for	
his	efficient	production	of	this	volume;	to	two	anonymous	readers	for	Routledge	for	
useful suggestions about possible chapters (though we did not always follow their 
advice);	to	all	the	contributors,	thanks	(again)	for	all	your	hard	work;	and	an	especial	
thanks	to	two	contributors	(Cassandra	and	Rod)	who	came	to	our	rescue	by	joining	
the project during its final year. At the moment these lines were written the two 
editors	had	not	yet	met	(though	they	have	come	to	know	each	other	extremely	well!).	
The Companion	was	edited	somewhere	in	the	cyberspace	that	links	Athens	and	West	
Lafayette	and	was	written	in	Australia,	Belgium,	Bermuda,	Canada,	Cyprus,	Finland,	
Greece,	Ireland,	Italy,	New	zealand,	Turkey,	the	Uk,	and	the	USA.
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HISTORICAL	AND	
PHILOSOPHICAL	

CONTEXT





1
THE	EPISTEMOLOGY	OF	
SCIENCE	AFTER	QUINE

Paul A. Roth

My	present	suggestion	is	that	it	is	nonsense,	and	the	root	of	much	nonsense,	to	
speak	of	a	linguistic	component	and	a	factual	component	in	the	truth	of	any	
individual	statement.	Taken	collectively,	science	has	its	double	dependence	
upon	language	and	experience;	but	this	duality	is	not	significantly	traceable	
into	 the	 statements	 of	 science	 taken	 one	 by	 one.	.	.	 The	 unit	 of	 empirical	
significance	is	the	whole	of	science.	(Quine	1961	[1953]:	42)

Few epistemological doctrines seem to fit the sciences more readily than do empir-
icism,	taken	as	a	philosophical	doctrine	about	evidence,	and	naturalism,	understood	
as	 a	philosophical	 account	of	 scientific	method.	Empiricism	explains	how	 scientific	
theories	 connect	 to	 the	world;	naturalism	proposes	 optimal	 procedures	 for	 learning	
about	the	world.	But	a	fundamental	problem	appears	to	attach	to	these	doctrines.	For	
the	very	type	of	knowledge	these	philosophical	doctrines	purport	to	support	and	clarify	
turns out to be implicated in supporting and clarifying empiricism and naturalism 
themselves.	Examining	this	threat	of	circularity	and	its	consequences	leads,	I	suggest,	
to reconceptualizing the status and role of philosophical inquiry vis-à-vis scientific 
inquiry	and	empirical	knowledge.
	 “Epistemology,”	Quine	declares	in	“Epistemology	Naturalized,”	“is	concerned	with	
the	foundations	of	science”	(1969:	69).	Yet,	(in)famously,	Quine	also	maintains	in	the	
same	essay	that	the	relation	between	epistemology	and	science	is	one	of	“reciprocal	
containment”	 (ibid.:	 83).	 Because	 Quine’s	 writings	 have	 decisively	 influenced	 two	
lines of debate within epistemology generally and the relation between epistemology 
and	science	in	particular	–	holism	and	naturalism,	respectively	–	his	account	provides	
a	 convenient	 basis	 for	 surveying	 how	 these	 debates	 have	 evolved.	 My	 particular	
concern will be, in line with the Quinean perspective adopted herein, determining 
in what respects empiricism remains epistemologically fundamental as an account of 
scientific	knowledge.
	 In	 what	 follows,	 I	 offer	 a	 sketch	 of	 a	 movement	 in	 twentieth-century	 episte-
mology	 from	what	 I	 term	 a	 “bottom–up”	 to	 a	 “top–down”	 approach	 regarding	 the	
relation of epistemology and the sciences. This will follow lines of argument found in 



PAUL	A.	ROTH

4

“Epistemology	Naturalized”	by	tracing	the	development	of	the	arguments	that	system-
atically strip away attempts to justify science independently of science. This engenders 
key	 problems	 in	 specifying	what	 to	 count	 as	 empirical,	 and	 so	 as	 evidence	 for	 and	
against	 individual	 scientific	claims.	This	 turns	out	 to	be	 the	crucial	 step	 in	Quine’s	
naturalism, i.e., elimination of philosophy as a form of inquiry independent of science. 
Yet	against	those	who	maintain	that	Quine’s	blurring	of	the	lines	between	speculative	
metaphysics and science represents a politically (if not philosophically) retrograde 
move,	 I	 indicate	 how	 Quine’s	 holism	 and	 naturalism	 helped	 motivate	 and	 make	
possible a proliferation of alternative approaches to the study and understanding of 
science.	Making	explicit	this	connection	allows	a	somewhat	different	perspective	on	
the current disputes between philosophers of science and science studies researchers.
	 Towards	 that	 end,	 consider	 reference	 to	 “the	 whole	 of	 natural	 science”	 from	
“Epistemology	Naturalized”	(written	circa	1968)	in	light	of	the	context	of	an	earlier	
use	of	that	phrase	in	“Two	Dogmas	of	Empiricism”	(circa	1950–51).	In	the	latter	case,	
Quine	urges	a	vast	enlargement	of	the	unit	assessed	as	having	(or	lacking)	empirical	
significance.	 In	 the	 former,	he	declares	 for	naturalism,	 i.e.,	 treating	 epistemological	
questions as questions within science, and so using science to account for how humans 
manage	to	acquire	such	knowledge.	By	implication,	the	notion	of	empirical significance 
must itself be subject to naturalistic scrutiny along with all other aspects of scientific 
method and theorizing. 
	 By	 unpacking	 just	 why	Quine	makes	 use	 of	 so	 vague	 a	 phrase	 reveals	 just	 how	
radically	Quine’s	critique	of	empiricism	forces	a	reconception	of	the	relation	between	
epistemology	 and	 the	 philosophy	 of	 science.	 In	 particular,	 I	 suggest,	 terms	 such	 as	
“empiricism”	no	longer	hold	promise	of	epistemological	insight	regarding	the	basis	for	
scientific	knowledge.	Empiricism	simply	ceases	to	have	standing	as	an	epistemological	
doctrine apart	 from	 science.	 It	 becomes,	 rather,	 a	 consequence of naturalism (and 
pragmatism), a thesis about the nature of scientific evidence maintained on the basis 
of	scientific	investigation	(see	Nelson	and	Nelson	2000).

Empiricism, epistemology, and science in “Two Dogmas”

With	regard	to	knowledge	of	the	external	world	–	empirical	knowledge	–	Quine	takes	
“empiricism”	 to	name	a	 theory	of	evidence	–	 sense	 impressions	–	 that	provides	 the	
fundamental	basis	for	legitimating	all	beliefs	about	what	there	is.	In	“Two	Dogmas,”	
Quine challenges a traditional empiricist view that one can discriminate by semantic 
criteria	alone	exactly	which	statements	evidence	supports	(or	not)	and	which	need	
no	 evidential	 support	 because	 they	 are	 true	 “come	what	may.”	This	 challenges	 the	
positivist claim to be able to distinguish between statements that are meaningful 
and those that are not, and so, as Quine states, blurs the boundary that positivism 
attempted	to	put	in	place	“between	speculative	metaphysics	and	natural	science.”	
	 Quine’s	 two	key	 lines	of	argument	go	as	 follows.	First,	he	gives	 reasons	 to	doubt	
that we can classify sentences in a way that would permit us to identify just some 
but	not	others	as	expressions	of	empirical	knowledge.	Second,	he	extends	this	doubt	
about distinguishing between what stands in need of empirical confirmation and what 
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does	not	to	include	finding	“equivalences	of	meaning”	between	linguistic	items	such	
as sentences and non-linguistic ones such as sense impressions. For if the notion of 
“equivalence	of	meaning”	cannot	be	cashed	out	in	terms	of	the	constituent	elements	
of	 so-called	 analytic	 statements,	 the	 notion	 cannot	 be	 made	 to	 work	 for	 alleged	
equivalences	 between	 linguistic	 and	 non-linguistic	 items.	 In	 this	 respect,	 at	 least,	
the	“two	dogmas	are,	indeed,	at	root	identical”	(see	Quine	1961	[1953]:	41;	see	also	
Ben-Menahem	2005).	
	 Quine’s	 “countersuggestion”	 that	 the	measure	 of	 epistemic	 goodness	 be	 taken	 as	
the	 “whole	of	 science,”	 in	 sum,	 raises	 two	key	questions	 regarding	how	 to	construe	
the	relationship	between	epistemology	and	philosophy	of	science.	For	his	phrase	“the	
unit	of	empirical	significance,”	the	term	“empirical	significance”	should	be	understood	
as	 “meaningful	 in	 terms	 of	 experience.”	But	 the	 problematic	 terms	 –	 the	 questions	
invoked	by	the	phrase	–	involve	the	terms	“unit”	and	“empirical.”	For	a	unit	to	be	a	
unit,	it	must	be	bounded.	So,	the	first	question	to	be	answered	would	be:	What	bounds	
or	determines	the	unit	tested	for	empirical	significance?	The	second	question	concerns	
the	epistemic	work	to	be	done	by	an	appeal	to	a	notion	of	the	empirical.	Presumably,	
the job of the empirical should be to provide some evidential basis independent of the 
science being evaluated for the assessment of scientific claims. For otherwise the unit 
under test certifies as appropriate the elements used to test it. And this renders unclear 
the nature of any claimed epistemic advantage. 
	 The	 allusion	 to	 the	 “whole	 of	 science”	 suggests	 that	 any	 attempted	 epistemic	
assessment of a single belief implicates all those beliefs comprising that theory to which 
a	sentence	belongs.	For	how	what	go	by	the	label	“beliefs”	(sentences	held	true)	and	
how	what	goes	by	the	label	of	“experience”	(perception)	fit together can be logically 
accommodated in any number of ways. Attempts to differentiate structurally among 
types of linguistic items and to identify a tight logical and evidentiary fit between the 
linguistic	and	the	non-linguistic	ultimately	reveal	that	there	exists	no	such	logically	
neat	interrelationship	between	how	the	world	works	on	us	and	what	we	think	about	it.	
In	this	regard,	attempts	to	distinguish	between,	e.g.,	some	type	of	limited	holism	and	
a	more	global	form	presuppose	an	ability	to	mark	off	one	type	of	theory	(e.g.,	those	in	
physics)	from	other	types	(those	in	economics).	But	our	beliefs	do	not	come	so	neatly	
packaged,	 and	 their	 areas	 of	 possible	 interdependence	 or	 independence	 so	 clearly	
marked.	 The	 problem	 involves	 just	 the	 inability	 to	 logically	 specify	 which	 beliefs	
might	be	revised	should	experience	disappoint	expectations	(see	Nelson	and	Nelson	
2000,	esp.	Ch.	5).	
	 Reflections	 on	 the	 logic	 of	 science,	 the	 history	 of	 science,	 and	 the	 sociology	 of	
science	all	confirm	this	point,	each	in	its	own	way.	(Let	me	be	clear	here	that	what	I	
take	to	be	called	into	question	involves	a	notion	of	the empirical or experience that can 
be	made	sense	of	as	epistemically	basic	independently	of	appeal	to	science.)	But	why	
then	believe	that	there	exists	any	epistemic	leverage	in	appeals	to	the empirical?	
	 The	 two	 questions	 –	 the	 unit	 of	 empirical	 significance	 and	 the	 content	 of	 the	
notion	 of	 the	 empirical	 –	 moreover,	 prove	 deeply	 interrelated.	 For	 a	 variety	 of	
scientific theories (broadly construed, so as to include the social sciences) serve to 
determine	 just	 which	 experiences	 count	 and	 under	 what	 conditions	 they	 count	 as	
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relevant	for	assessment	purposes.	Science	ultimately	delimits,	e.g.,	how	many	senses	
there are, how they function, and so what even the senses properly so-called could 
provide qua	evidence.	Both	questions	give	rise	to	worries	about	how	diffuse	the	notion	
of the empirical becomes once it cannot be restricted to terms or simple statements. 
	 One	 of	 the	 most	 philosophically	 unsettling	 consequences	 of	 epistemic	 assess-
ments	so	conceived	involves	the	many	ways	of	accommodating	experience	to	theory.	
Conceiving	 of	 the	 theory–evidence	 relation	 as	 interrelated	 and	 logically	 diffuse	
receives further reinforcement from significant pre-Quinean historical and philo-
sophical	work	by	Duhem	as	well	as	the	powerful	influence	of	work	in	the	history	and	
philosophy	of	science	by	kuhn	and	others	who	came	later.	In	addition,	as	Ian	Hacking	
(1989)	 insists,	 questions	 of	 how	 to	 sort	 experiences	 into	 kinds	 remain	 vexed	 and	
unanswered. 

Science without foundations

If	notions	of	sense	and	sensing	themselves	require	scientific	investigation	in	order	to	
articulate the respects in which they support science, then the very empirical base to 
which science appeals becomes one best understood through science. Thus, in charting 
how	 the	 “unit	 question”	 and	 the	 corresponding	 “experience	 question”	 evolved	 to	
something	 like	 their	 present	 forms,	 an	 understanding	 emerges	 regarding	 how	 these	
notions	in	turn	affect	what	the	terms	“epistemology”	and	“science”	connote.	Unlike	
empiricists of old, Quine does not	look	to	the	notion	of	experience	to	clarify	those	of	
thought	or	belief:	all	three,	he	maintains,	stand	in	need	of	clarification.	Quine	links	
the	notions	of	meaning,	 thought,	belief,	and	experience	as	kindred	concepts	 in	the	
sense	that	“they	are	in	equal	measure	very	ill	suited	for	use	as	instruments	of	philo-
sophical	 and	 scientific	 clarification	 and	 analysis.	 If	 some	one	 accepts	 these	notions	
outright	 for	 such	use,	 I	 am	at	a	 loss	 to	 imagine	what	he	can	have	deemed	more	 in	
need	of	clarification	and	analysis	than	the	things	he	has	thus	accepted”	(Quine	1981:	
184).	In	particular,	by	conceiving	of	the	notion	of	empirical	knowledge	as	of	a	piece	
with	 the	 articulated	 theorizing	 of	 experience	 that	 sciences	 provide,	 the	 suggestion	
regarding	the	unit	of	empirical	significance	made	in	“Two	Dogmas”	turns	out	to	imply	
the	“reciprocal	containment”	of	science	and	epistemology	proposed	in	“Epistemology	
Naturalized.”	 (How	Quine’s	 declaration	 for	 pragmatism	 in	 “Two	Dogmas”	 fits	 with	
his	 later	declared	naturalism	poses	an	 interesting	but,	 to	the	best	of	my	knowledge,	
presently unanswered question.)
	 In	understanding	how	to	disentangle	this	relationship	of	reciprocal	containment,	it	
helps	to	appreciate	the	deep	link	between	Quine’s	critique	of	the	notion	of	analyticity	
and	his	critique	of	positivist,	and	particularly	Carnapian,	conceptions	of	mathematics.	
For	example,	although	Quine	uses	remarks	about	foundational	studies	in	mathematics	
to	 frame	 the	 challenges	 to	 epistemology	 as	 he	 understands	 them	 in	 “Epistemology	
Naturalized,”	 this	 framing	 remains	 almost	 universally	 ignored	 in	 subsequent	discus-
sions	of	Quine’s	essay	and	his	account	of	naturalism	(see	Roth	1999).
	 On	my	 telling	 of	 the	 tale,	 the	 epistemological	 program	Quine	 advocates	 –	 and,	
inter alia,	what	he	means	by	 “naturalism,”	 “epistemology,”	 and	 “science”	–	 involves	
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assessing	 the	 fate	 of	 empirical	 knowledge	 once	 attempts	 to	 ground	 such	 knowledge	
meet	a	fate	that	parallels	attempts	to	ground	mathematical	knowledge.	The	primary	
argument	of	“Epistemology	Naturalized”	elaborates	the	parallel	types	of	problems	or	
failings	 that	 plagued	 both	 mathematical	 and	 empirical	 knowledge,	 and	 how	 those	
problems	transform	or	otherwise	alter	what	such	knowledge	comes	to	in	each	case.
	 Quine	develops	the	parallelism	in	two	respects,	which	he	terms	the	“conceptual”	
and	the	“doctrinal.”	Conceptual	matters	are	semantic,	concerning	definition	or	expli-
cation.	Doctrinal	issues	involve	justification	and	formal	priority.	Ideally	the	definitions	
would generate all the concepts from clear and distinct ideas, and the proofs would 
generate all the theorems from these self-evident truths. The intended parallel 
would	then	be	to	the	logicist	program	for	having	a	consistent,	fully	axiomatized,	and	
complete set of rules adequate to all of mathematics. This approach, had it succeeded, 
would have provided an analysis, in the best understood sense of the term, of the 
entire range of truths about the world.
	 Yet,	 Quine	 argues,	 the	 project	 for	 providing	 foundation	 for	 science	 (i.e.,	 for	
empirical	 knowledge)	 parallels	 the	 fate	 of	 the	 logicist	 project	 in	mathematics.	On	
the	doctrinal	side,	the	project	falls	because	of	Hume’s	problem	–	generalizations	from	
experience	 outrun	 evidence	 for	 them.	 Hence,	 derivation	 of	 scientific	 laws	 proves	
impossible.
 The problem on the conceptual side is not quite as neat or as venerable. For here 
the principal difficulty resides in the relation of the theoretical sentences and the 
evidence	 adduced	 in	 their	 support,	 i.e.,	 holism.	 For	 holism	 (of	 the	Quine–Duhem	
sort)	forecloses	the	possibility	of	the	sort	of	term-by-term	explication	that	the	founda-
tional project presupposes and requires. There are, then, two irremediable failings in 
the	case	of	empirical	knowledge.	Neither	laws	nor	concepts	can	be	accounted	for	as	
hoped, i.e., in terms of sensory impressions and logic alone. This dashes any hope of 
finding within empiricism a philosophical foundation for science. As a result, empir-
icism	becomes	 itself	 an	hypothesis	within	 accepted	 science,	 one	 that	helps	 explain	
why	 science	provides	 the	engineering	 success	 that	 it	does.	 It	also	 leaves	us	without	
a justificatory standard better than those that the sciences (broadly and collectively 
understood)	themselves	provide,	since	that	“better	standard”	–	deductive	justification	
from	 a	 specified	 base	 –	 is	 not	 to	 be	 had.	 The	 incompleteness	 results	 for	 empirical	
knowledge,	in	short,	redefine	what	can	be	hoped	for	or	expected	by	way	of	justification	
of	empirical	knowledge.
	 In	this	regard,	Quine’s	use	of	the	term	“naturalism”	must	be	treated	circumspectly,	
since	 a	 definition	 of	 “naturalism”	 typically	 makes	 reference	 to	 the	 “methods	 of	
science,”	yet	what	to	count	as	science	cannot	be	readily	taken	for	granted	in	Quine.	
There	is	no	small	irony	in	the	complaint	that	Quine’s	notion	of	naturalism	is	vague.	
For	it	typically	emanates	from	those	who	assume	that	they	know	exactly	what	science	
is	or	what	 epistemology	 is,	 and	 this	despite	 lacking	a	demarcation	criterion	 for	 the	
former	or	settled	explications	of	belief,	justification,	and	truth	for	the	latter.
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Science fully naturalized

Ironically,	this	relocation	of	empiricism	within	science	breaks	down	whatever	divides	
may be thought to remain between philosophy of science and science studies. 
Philosophy	of	science	and	science	studies	were	distinguished	primarily	by	the	elements	
that were cited in the explanans for a given explandandum event (e.g., theory change, 
theoretical commitment, confirmation). Typically, philosophers downplay and science 
studies’	practitioners	emphasize	how	the	practice	of	science	stands	implicated	in	the	
customs	and	mores	of	those	societies	in	which	the	science	takes	place.	
	 I	suggest	that	those	problems	that	led,	in	the	first	place,	to	the	expansion	of	the	unit	
of empirical significance and the theorizing	of	the	empirical	make	moot	those	disputes.	
What	counts	as	experiences	and	how	to	assess	their	effect	(e.g.,	social	psychology	v.	
neurology) will depend in part on the science at issue. For while socially mediated 
experiences	 cannot,	 in	 principle,	 be	 excluded	 from	 epistemological	 consideration,	
attempts	to	map	those	experiences	to	individual	beliefs	remain	subject	to	all	the	usual	
indeterminacies.	 In	 this	 respect,	 the	 key	 problems	 inherent	 in	 the	 epistemological	
project	on	 the	philosophical	 side	–	bounding	 the	unit	of	experience	and	 theorizing	
the	empirical	–	emerge,	like	the	return	of	the	repressed,	in	science	studies’	efforts	to	
provide	a	“social	epistemology.”	
	 Indeed,	many	 debates	 regarding	 the	 epistemology	 of	 science	 –	 the	 rationality	 of	
theory	choice,	accounting	for	theory	change,	hypothesis	acceptance	–	that	divide	philo-
sophical and sociological accounts of scientific claims actually split on the question of 
which	experiences	prove	 relevant	 to	explaining	 scientific	claims.	Sociologists	claim	
to	favor	causal	explanations	of	beliefs	and	philosophers	prefer	reason-based	justifica-
tions.	 Put	 another	way,	 one	means	 by	which	 to	 understand	 disputes	 in	 the	 area	 of	
science	 studies,	 at	 least	 with	 regard	 to	 the	 explanation	 or	 assessment	 of	 scientific	
knowledge	claims,	would	be	to	take	them	as	disagreements	regarding	what	tests	test,	
and	even	which	aspects	within	the	experience	of	individuals	bear	on	the	assessments	
of epistemic claims.
	 Consider,	for	example,	how	accounts	offered	by	Galison	(1987)	differ	from	what	one	
finds	 in	 Pickering	 (1986).	 Both	 of	 these	 accounts,	 moreover,	 appear	 to	 be	 relatively	
internal histories	–	they	do	not	look	much	beyond	the	scientific	communities.	But	Galison	
emphasizes how debate in a scientific community becomes settled by citing the reasons 
which	prevailed,	while	Pickering	 emphasizes	 unacknowledged	 concerns	 –	 for	 instance,	
the need to be able to recycle expertise	 and	yet	have	a	more	viable	 theory	–	as	 leading	
scientists to favor one view over another. These approaches can be contrasted in turn 
with,	for	example,	Shapin	and	Schaffer	(1985),	who	take	a	yet	wider	view	of	the	factors	
determining	 one’s	 theoretical	 preferences.	Background	beliefs	 regarding	 social	 status	 or	
religious	 affiliation	might	 influence	which	 individual	 beliefs	 count	 or	 how	 they	 count.	
In	addition,	which	beliefs	might	be	open	to	revision	will	be	determined	by	perceptions	
regarding how those beliefs connect to religious or political views deemed important. 
Consideration	such	as	these	makes	the	“unit	of	empirical	significance”	culture	sized.	
	 In	saying	this,	I	acknowledge	some	discomfort	in	moving	from	theories	conceived	
of	 as	 linguistic	 entities	 to	cultures	 so	conceived.	As	 I	 indicate	 in	what	 follows,	 the	
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question	 of	 the	 relevant	 “unit”	 being	 assessed	 has	 become	 increasingly	 diffuse	 and	
problematic.	I	find	no	general	answer	to	the	question	of	how	to	bound	or	otherwise	
specify the unit in which to embed the epistemic evaluation of a specific scientific 
claim.	 Debates	 need	 to	 proceed	 on	 a	 case-by-case	 basis	 in	 this	 regard.	 From	 this	
perspective,	the	label	“naturalism”	only	obscures	uncertainties	regarding	the	scope	and	
content	of	the	present	notions	of	science	and	experience.
	 Questions	concerning	the	unit	assessed	and	which	experiences	serve	to	assess	also	
affect questions of how to distinguish between epistemic norms and the methods of 
epistemology and scientific norms and the methods of science. For first philosophy 
regards (as it must) epistemic norms and methods as independent of natural science. 
Scientific	knowledge,	properly	 so-called,	would	 then	be	a	consequence	of	 the	units	
(typically, sentence sized) certified by the right epistemic processes, whatever those 
may	 be	 taken	 to	 be.	 This	 leads	 to	 a	 bottom–up strategy. The sort of esoteric and 
non-observational	claims	 to	know	made	within	particular	natural	 sciences	count	as	
knowledge	provided	that	they	can	be	legitimized	by	iteration	of	those	methods	and	
norms	–	whatever	they	are	–	for	certifying,	for	example,	basic	perceptual	statements	
or clear and distinct ideas. 
	 By	contrast,	 if	 epistemology	can	claim	no	norms	or	methods	certified	by	procedures	
that stand aloof from all other modes of inquiry, then epistemology proceeds from 
within science. First philosophy requires an account of epistemic assessment that can be 
independent	of	science.	But	Quine	argues	that	we	cannot	successfully	isolate	the	preferred	
empiricist	standards	–	analyticity,	experience	–	and	that	this	failure	turns	on	irremediable	
problems	concerning	the	character	of	word–world	connection.	He	offers	as	an	alternative	
account one in which science should be understood as ranging over just the panoply 
of	 norms	 and	 methods	 deemed	 legitimate	 for	 purposes	 of	 inquiry.	 Epistemology,	 so	
conceived, becomes a top–down investigation,	at	least	in	the	following	sense.	Evaluation	
assumes	a	certain	theoretical	stance,	and	from	within	that	stance	proceeds	to	make	what	
sense	it	can	of	our	putative	sense-making	procedures	and	claims.	
	 Thus,	I	take	there	to	be	a	type	of	affinity	between,	on	the	one	hand,	the	alleged	
independence	of	epistemology	and	a	bottom–up	strategy	as	opposed	to,	on	the	other	
hand, conceiving of epistemology as pursued from within a scientific account of the 
world.	Epistemology-within-science	proceeds	top–down,	that	is,	by	asking	how,	given	
an	explanatory	theory	and	its	justificatory	norms	provisionally	accepted,	to	encompass	
within	 it	 a	 justificatory	 account	 of	 their	 acquisition	 and	 justification.	 Naturalizing	
epistemology	 by	 making	 it	 part	 of	 science	 exemplifies	 this	 top–down	 strategy.	
Bottom–up	 strategies	 take	 an	 ultimately	 dogmatic	 stance	 (knowledge	 begins	 here), 
while	top–down	strategies	allow	for	a	pragmatic	approach	to	judging	a	theory’s	merit.
	 From	the	standpoint	of	examining	the	relationship	between	philosophy	of	science	
and	 epistemology,	 those	 strategies	 yield	 very	 different	 results.	 viewed	 bottom–up,	
justification	consists	only	of	 inferential	 links.	Traditional	puzzles	here	concern	justi-
fying	generalizations	–	typically,	laws;	related	epistemic	problems	involve	articulating	
the	logic	that	connects	evidence	to	experimental	tests,	experimental	tests	to	theories,	
and	the	logical	connections	that	exist	among	those	statements	comprising	a	scientific	
theory.	Epistemic	evaluation	involves	justified	inference	and	nothing	else.
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	 Hans	 Reichenbach	 offers	 a	 straightforward	 and	 representative	 formulation	 of	
this	 view:	 “The	 essence	 of	 knowledge,”	 he	 declares,	 “is	 generalization.”	 Moreover:	
“Generalization	 .	.	.	 is	 the	 origin	 of	 science”	 (Reichenbach	 1951:	 5).	Although	 the	
strategy	for	assessing	laws	must	be	bottom–up	–	from	evidence	of	experiment	to	laws	
–	once	the	laws	are	in	hand,	epistemology	becomes	top–down.	
	 Reichenbach’s	 core	 philosophical	 question	 asks	 how	 knowledge	 of	 the	 world	
manages	 to	 transcend	what	 observation	 alone	 provides.	His	 answer	 echoes	 themes	
repeated frequently during the first half of the twentieth century, viz., that the philo-
sophical	study	of	science	can	clarify	the	inferential	processes	that	lead	from	experience	
to theory. For science trumps claims of common sense because of its superiority in 
explaining	how	things,	in	general,	hang	together.	Science	can	explain	what	passes	for	
common	sense;	common	sense	cannot	account	for	scientific	understanding.	The	study	
of	inference,	moreover,	marks	the	special,	albeit	limited,	place	for	philosophy.
	 Quine	takes	science	to	be	about	trying	to	construct	a	“systematization	of	our	sensory	
intake”	(Quine	1995).	The	initial	systematization	comes	with	learning	the	language	
one	first	learns	to	speak,	and	of	the	objects	and	events	about	which	we	communicate	
with	others.	The	“reciprocal	containment”	of	epistemology	and	natural	science	takes	
epistemology	to	be	a	part	of	an	attempt	to	systematize	experience.	But,	though	only	
an aspect of the scientific enterprise, epistemology so conceived contains the scientific 
enterprise,	since	all	of	it	results	in	the	end	from	shared	stimulations.	Quine’s	reconcep-
tualization	of	knowledge	still	takes	knowledge	to	be	the	best	systematic	account	for	
beliefs	held,	but	takes	science	to	constitute	this.
	 Quine’s	very	liberal	view	of	what	to	count	as	science	can	be	adopted	here	without	
epistemological	 loss.	 For	 by	 taking	 science	 to	 be	 just	 the	 extensional	 equivalent	 of	
those empirically oriented disciplines and their collective methods, one does not 
assume	 the	 burden	 of	 discerning	 deep	 relations	 between,	 for	 example,	 physics	 and	
history, on the one hand, while, on the other hand, one can criticize freely those 
forms of inquiry, for instance, astrology, that might assume some of the techniques of 
science (measurement, prediction) but without the desired results. The appeal to the 
empirical remains one that the sciences themselves endorse, but it may be jettisoned 
if	results	warrant	that	conclusion.	As	Quine	somewhere	remarks,	should	a	ouija	board	
prove a better predictor than physics, it would be pragmatically rational to abandon 
physics and go with the ouija board.
 Those favoring philosophy of science as epistemology most characteristically insist 
on	 the	virtues	of	 systematicity	and	explanatory	power.	Those	 favoring	 the	ordinary	
(i.e.,	those	who	take	as	the	work	of	epistemology	an	analysis	of	the	great	many	truths	
already	known	prior	to	science)	most	typically	appeal	to	truths	known	as	truths	prior to 
any	investigation	and	which	any	plausible	theory	of	knowledge	must	yield	as	a	result.	
In	 this	 regard,	 circular	 reasoning	might	 be	 thought	 to	 undercut	 the	 above	 charac-
terization.	 For	 Reichenbach’s	 assertion	 that	 science	 “requires	 a	 reinterpretation	 of	
everyday	life”	already	decides	what	for	many	epistemologists	remains	the	fundamental	
question	at	issue:	What	does	a	theory	of	knowledge	need	to	be	a	theory	of?	
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Naturalism and normativity/politics and epistemology

Indeed,	debates	regarding	the	role	of	natural	science	in	and	as	epistemology	proceed	
under the rubric, in the current philosophical climate, as debates about the role of 
naturalism.	I	take	these	debates,	that	is,	to	be	just	disputes	as	to	whether	and	how	an	
empirical theory can play a role as an epistemological theory. The nub of this debate 
centers on the claim that epistemology provides a normative theory and that no 
scientific theory can provide an account of norms since such theories simply account 
for	 (describe)	 the	world	and	 so	cannot	determine	what	 the	 standards	of	knowledge	
ought to be. 
	 Scientific	 theories	 presumably	 might	 employ	 such	 standards,	 but	 it	 falls	 to	
philosophy	 to	 discover	 and	 account	 for	 the	 norms	 determinative	 of	 knowledge.	 In	
this regard, disputes about naturalized epistemology focus less on what it is for episte-
mology	to	be	naturalized	than	on	what	qualifies	a	naturalistic/scientific	approach	as	
epistemology.
	 Some	 recent	 work	 illustrates	 problems	 connected	 to	 the	 “unit	 question”	 and	
the	 “theorizing	 of	 the	 empirical”	 by	 exploring	 debate	 about	 these	 issues	 within	
American	philosophy	of	science	and	pragmatism,	and	various	European	imports	(from	
logical	 empiricism	 to	Marxism).	 In	 their	 Introduction,	Hardcastle	 and	 Richardson	
(2003)	correctly	acknowledge	that	“the	best	current	tool	for	understanding	‘analytic	
philosophy’	must	surely	be	sociology	of	knowledge,	especially	the	notion	of	‘boundary	
work’.”	 Alan	 Richardson	 stresses	 an	 intellectual	 evolution	 within	 naturalism	 and	
pragmatism	 from	Dewey	and	Morris,	on	the	one	hand,	 to	Quine,	on	the	other.	On	
Richardson’s	account,	Morris	and	Dewey	view	science	as	a	tool	for	progressive	politics,	
while Quine decouples naturalism from any progressive view of science. For Quine, 
science	neither	progresses	(if	“progress”	means	“comes	closer	to	the	truth”),	nor	does	
it provide a basis either for enlightened politics (which would be another form of 
progress). 
 Richardson, in particular, emphasizes that in the debate between Quine and 
Carnap,	the	“semantic,	pragmatic,	logical,	epistemological,	scientific,	‘natural,’	formal,	
and	metaphysical	are	at	stake	all	at	once”.	On	Richardson’s	account,	the	Morris	and	
Carnap	 conception	 of	 scientific	 philosophy	 was	 structured	 so	 as	 to	 exclude	 tradi-
tional	metaphysics	or	epistemology.	Precisely	by	limiting	the	scope	of	the	intelligible,	
philosophy of science was to clarify philosophical	disputes.	Since	inferential	relations	
(including	 inductive	 inference)	 could	 be	 explicated	 without	 appeal	 to	 values,	 the	
clarificatory role of logic allowed real progress (both intellectual and political) in 
debate	to	be	achieved.	Critiques	of,	for	instance,	Heidegger	by	positivists	attempted	to	
show	just	how	this	was	to	go.	By	making	precise	the	notion	of	inference,	philosophy	
could	be	of	social	utility	by	debunking	efforts	to	rationalize	certain	types	of	claim.	
	 Yet	the	political	utility	of	philosophy	of	science	and	logic	to	debunk	requires	–	in	
the	view	Richardson	finds	in	Morris	and	Carnap	–	the	separation	of	the	logic	of	inquiry	
from	explicitly	normative	concerns.	But	in	order	to	maintain	their	concept	of	a	neutral	
“logic	of	science,”	Morris	and	Carnap	needed	the	notion	of	analyticity.	Hence,	Quine’s	
critique reverberates across a very broad intellectual and cultural front. 


