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Overview

Science, like other human activities, is one response to our need to under-
stand the world. The way it does so differs from possibly competing activ-
ities like religion, mythology, or for that matter common sense. And it
claims to provide objective explanations superior in respects we value to
these alternatives. These claims have been controverted in recent decades
and need to be justified.

Alternative approaches to how science explains reflect fundamental philo-
sophical differences that go back to Plato, between those who view scientific
explanation, like mathematical proof, as something we discover and those
who treat it as something humans construct. Logical positivists aimed to
formulate an ideal standard of explanation for scientists to aspire to. Other
philosophers sought to understand how the reasoning works in explanations
that scientists actually give.

One starting point for understanding scientific explanation focuses on the
role of laws of nature. Scientific laws have explanatory force presumably
because they describe the way things have to be. But the way things have to
be, the necessity of laws of nature is very difficult to understand from the
scientific point of view. For scientific observation and experiment never
show how things have to be, only how things are.

Dissatisfaction with answers to this question shifted the focus of some
philosophers of science away from laws as explanatory. This approach leads
to a theory of explanations which focuses on how explanations answer
people’s questions, instead of what ingredients they must have to be
scientific.



2.1 Logical positivism sets the agenda

Philosophy, said Aristotle, begins with wonder. And by philosophy Aris-
totle meant science. Aristotle was right. Science seeks explanations to satisfy
the wonder. But so do other human enterprises. The difference between
science and other enterprises that seek explanations of why things are the
way they are can be found in the sorts of standards that science sets itself for
what will count as an explanation, a good explanation, and a better explana-
tion. The philosophy of science seeks to uncover those standards, and the
other rules that govern “scientific methods”. It does so in part by examining
the sorts of explanations scientists advance, accept, criticize, improve and
reject. But what scientists accept or not as explanations cannot be the sole
source of standards for what scientific explanation should be. After all, scien-
tists are not infallible in their explanatory judgments; what is more, scien-
tists themselves disagree about the adequacy of particular explanations, and
about what explanation in science is like overall. If the philosophy of science
were just a matter of collating the decisions of scientists about what explana-
tions are, it could not be a source for advice about how scientific explanation
should proceed. Yet, in fact, in many disciplines, especially the social and
behavioral sciences, scientists turn to philosophy of science for “prescrip-
tions” – rules about how explanations ought to proceed if they are going to
be truly scientific.

If the philosophy of science is to do more than merely describe what some
or even many scientists take to be scientific explanations – if it is to endorse
one or another recipe for scientific explanation as correct – it will have to do
more than merely report what scientists themselves think about the matter.
In addition to learning what explanations scientists actually accept and
reject, the philosophy of science will have to assess these choices against
philosophical theories, especially theories in epistemology – the study of the
nature, extent and justification of knowledge. But this means that the philo-
sophy of science cannot escape the most central, distinctive and hardest
questions that have vexed philosophers since the time of Socrates and Plato.

Questions about the nature, extent and justification of knowledge, and in
particular scientific knowledge have dominated philosophy from at least the
time of Descartes and Newton, both of them important philosophers as well
as scientists. For much of the twentieth century, the dominant answer to
this question among philosophers of science was empiricism: the thesis that
knowledge is justified by experience, that therefore the truths of science are
not necessary, but contingent truths, and that knowledge could not extend
beyond the realm of experience. Basing itself on this epistemology, a school
of philosophy of science sprang up mainly in central Europe between the
two world wars which adopted the label “logical positivist” or “logical
empiricist” as members of this movement later came to call themselves.

Logical positivism attempted to develop a philosophy of science by
combining the resources of modern mathematical logic with an empiricist
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epistemology and a close study of the methods employed in the natural sci-
ences, especially the physical sciences. Most contemporary debates in the
philosophy of science have their origin in the work of these philosophers.
Logical positivists were first of all empiricists; they held that the only beliefs
about the world that could qualify as knowledge were ones justified by
experience. In this they shared a tradition that went back at least to the
seventeenth-century philosophers Locke, Berkeley and Hume, the British
empiricists. Such an epistemology apparently suits scientific research
particularly well. After all, observation, data-collection, and most of all con-
trolled experiment have the central role in scientific method. Science there-
fore needs an epistemology that makes experimentation and observation
central to the determination of its findings. We shall discuss further in
Chapter 5 empiricism’s place as the “official” epistemology of science.

The positivists gave this theory of knowledge a linguistic formulation
about what could be meaningfully said. Since a statement we know to be
true can only be shown to be true by experience, every meaningful statement
(that is every one that is either true or false) makes a claim about what
experiences to expect (implicitly or explicitly) and the true ones are ones
whose claims about experience are borne out. Thus, the logical positivist’s
empiricism was expressed as a claim about meaning; the principle of verifia-
bility that every meaningful (i.e. true or false) statement about the world is
one that can be verified (or at least tested) by experience. To this empiricism
the positivists added a reliance on advances in mathematical logic which
they hoped would enable them to show that mathematics did not present a
problem for empiricism.

Mathematical knowledge is problematical for empiricism owing to the
apparent necessity of mathematical truths. As we shall see again below,
empiricism is hostile to the notion of “necessity”. Since experience can never
show a proposition to be necessarily true, empiricists are eager to purge both
the word and whatever it might stand for from science and philosophy. But
if mathematical truths that we undeniably do know are recognizably neces-
sary truths, then empiricism could not justify mathematical knowledge. If
mathematical knowledge cannot be grounded in experience, perhaps there
are other claims to knowledge which need not be certified by experience, the
claims of astrology, or revealed religion, or parapsychology, etc. And when
these claims conflict with those of science, an empiricist epistemology will
be unable to adjudicate among them.

It was early twentieth-century developments in logic and the foundations
of mathematics that enabled logical positivists to square their empiricism
with our knowledge of mathematics – arithmetic, geometry, algebra, etc. –
as necessary truths. Logicians working on the foundations of mathematics
showed that a great deal of it could be understood as a series of definitions
and the logical derivation from these definitions of their consequences. As
such, the truths of mathematics would turn out to be “merely” definitions,
and theorems derived by rules of logic from them. Definitions, of course, are
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mere conventions, statements merely of logical necessity, reflecting arbi-
trary decisions about how we will use certain symbols. As such, they make
no claims about the world, and they don’t constitute counterexamples to the
empiricist thesis that knowledge of the world can only be justified by
experience. The subjective feeling of learning something really new that
comes with a mathematical discovery is, on this view, really just a reflection
of the fact that no one is logically omniscient, and we have actually thought
of only a few of the infinitely many theorems which actually follow from our
mathematical definitions. Or so the positivists had to argue.

Because philosophy does not proceed by experiment and observation, if it
was to be meaningful, positivists held that, like mathematics, it had to limit
itself to definitions, their consequences, and the analysis of meanings. It was
for this reason that they expressed their version of empiricism as a thesis
about meanings instead of directly as a claim about knowledge. For the same
reason, their philosophy of science was expressed as a series of proposed defi-
nitions and redefinitions of crucial concepts that describe the practices and
outcomes of scientific investigation. This practice of offering definitions, or
at least linguistic analyses, has remained characteristic of the philosophy of
science, and more generally, analytical philosophy long after the eclipse of
positivism. The reader will recognize its vestiges in the pages to follow. And
we will return to a more detailed account of why the logical positivists made
epistemology into a philosophical theory about scientific language in
Chapter 4.

One of the implications of Gödel’s theorem, mentioned in Chapter 1, is
that the thesis that arithmetic is purely a set of definitions and their con-
sequences, cannot be correct. So, in the long run, the epistemic status of our
knowledge of the apparently necessary truths of mathematics continues to be
a problem for empiricism. But this was something whose significance was
not realized until logical positivism began to go out of favor among philo-
sophers of science. (This issue is explored further in Chapter 6.) Meanwhile,
the positivists were not reluctant to draw conclusions from their epis-
temology and their study of the methods of physics about how all sciences
should proceed. Their philosophy of science had a strong “prescriptive”
moral for the life sciences, the social and the behavioral sciences.

Although logical empiricism’s answers to the central questions of the
philosophy of science have been eclipsed, the questions it raised remain the
continuing agenda of the philosophy of science: what is an explanation, a
scientific law, a theory? Exactly how does empirical evidence decide on or
choose between competing hypotheses? If empirical evidence does not suffice
to choose between theories, or cannot do so, what should?

Could these questions be avoided if the philosophy of science gave up any
pretense to prescription, or if scientists – natural or social – decided to
ignore or reject the prescriptions of philosophers about how acceptable
explanations should proceed? In recent years, some natural and social scien-
tists, along with some historians, sociologists, and even some philosophers,
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have rejected both the claim that the methods of science are open to assess-
ment from the standpoint of philosophy, and the notion that philosophy
might dictate to any other discipline, how it should proceed, in explanation
or any other activity. This view is often associated with labels such as “post-
modernism” or deconstruction. It is treated further in Chapters 6 and 7.
These students of scientific practice reject the relevance of epistemology or
indeed of almost any considerations not drawn from their own particular
disciplines to guide the methods of those disciplines. On their view, good
economic methodology is what the leading economists are prized for doing;
sound methods in psychology are whatever gets published in the major psy-
chology journals; if the explanations of evolutionary biology differ in logic
or evidence from those of chemistry, this could only show that biology’s
methods differ from those of chemistry, not that they are inadequate.

This tactic will not absolve the scientists from the responsibility of
making choices about what the correct methods in their fields are, nor will it
make philosophical problems go away. It will simply substitute one set of
epistemological theories for another, and will embrace the philosophical
theory that, among the differing disciplines which contribute to human
knowledge, there are few if any common factors that entitle them all to
count as knowledge. This is an epistemological thesis itself in need of argu-
ment – philosophical argument. That means that for the scientist, the philo-
sophy of science is unavoidable. Willy-nilly scientists must take sides on
problems that have haunted our civilization since science began, that is,
since philosophy began.

2.2 Defining scientific explanation

As noted, traditionally the philosophy of science has sought a definition of
“scientific explanation”, but not a dictionary definition. A dictionary defini-
tion merely reports how scientists and others actually use the words “scien-
tific explanation”. Traditional philosophy of science seeks a checklist of
conditions that any scientific explanation should satisfy. When all are satis-
fied, the checklist guarantees the scientific adequacy of an explanation. In
other words, the traditional approach seeks a set of conditions individually
necessary and jointly sufficient for something’s being a scientific explana-
tion. This “explicit” definition, or as it was sometimes called, this “explica-
tion” or “rational reconstruction” of the dictionary definition, would render
the concept of scientific explanation precise and philosophically well-
founded.

An explicit definition gives the necessary and sufficient conditions for a
thing, event, state, process, property to be an instance of the term defined.
For example: “triangle” is explicitly defined as “plane figure having three
sides”. Since the conditions are together sufficient, we know that everything
which fulfills them is a Euclidean triangle and since the conditions are indi-
vidually necessary, we know if just one is not satisfied by an item, it is not a
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Euclidean triangle. The beauty of such definitions is that they remove
vagueness, and provide for maximally precise definitions.

An explicit definition or “explication” of the notion of a scientific expla-
nation could serve the prescriptive task of a litmus test or yardstick for
grading and improving explanations in the direction of increasing scientific
adequacy. The demand that philosophical analysis result in such a precise
and complete definition is in part a reflection of the influence of mathe-
matical logic on the logical positivists and their immediate successors in the
philosophy of science. For in mathematics concepts are introduced in just
this way – by providing explicit definitions in terms of already understood
previously introduced concepts. The advantage of such definitions is clarity:
there will be no borderline cases and no unresolvable arguments about
whether some proposed explanation is “scientific” or not. The disadvantage
is that it is often impossible to give such a complete definition or “explica-
tion” for most concepts of interest.

Let’s call the sentences in an explanation which do the explaining the
“explanans” (a Latin word, plural “explanantia”), and those which report
the event to be explained the “explanandum” (plural “explananda”). There
are no convenient English single word equivalents for these terms and so
they have become commonplace in philosophy. An examination of the kinds
of explanations that almost all scientists find acceptable makes it pretty
obvious that scientific explanantia usually contain laws: when the explanan-
dum is a particular event, like the Chernobyl reactor accident or the appear-
ance of Halley’s comet in the night sky over western Europe in the fall of
1986, the explanans will also require some “initial” or “boundary con-
ditions”. These will be a description of the relevant factors – say, the posi-
tion and momentum of Halley’s comet the last time it was sighted, or the
position of the control rods of the reactor just before it overheated – which
together with the law result in the explanandum-event. In the case of the
explanation of a general law, like the ideal gas law, PV� rT, the explanans
will not contain boundary or initial conditions. Rather, it will contain other
laws, which work together to explain why this one obtains.

Suppose we want to know why the sky is blue, a question people have
asked probably as far back as any question. Now this is a particular state of
affairs at a particular place, the Earth. The Martian sky presumably is
reddish in hue. So, to explain why the sky on Earth is blue we require some
information about “boundary conditions” and one or more laws. The rele-
vant boundary conditions include the fact that the Earth’s atmosphere is
composed of molecules mainly of nitrogen and oxygen. It’s a law that gas
molecules scatter the light which strikes them in accordance with a mathe-
matical equation first formulated by the British physicist Rayleigh. The
amount of light of any wavelength scattered by a gas molecule depends on
its “scattering coefficient” – 1/�4 – one over its wavelength to the fourth
power. Since the wavelength of blue light is 400 nanometers (another law),
and the wavelength of other light is greater (for example, red light has a
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wavelength of 640 nanometers), the scattering coefficient for blue light is
greater than for other light. Therefore, the molecules in the Earth’s atmo-
sphere will scatter more blue light towards the ground than other colors,
and the atmosphere will look blue. In a physics text this explanation is laid
out in more detail, the relevant equations derived and the amounts of scatter
calculated.

Examples from the social and behavioral sciences are easier to understand
because they are less quantitative. But explanations in social science that
everyone accepts are harder to come by in these disciplines because we have
discovered few if any laws in these disciplines. Thus, some economists will
explain why the rate of interest is always positive (a general “law”) by deriv-
ing it from other general “laws”, such as the “law” that, other things being
equal, people prefer immediate and certain consumption to future and
uncertain consumption. From this law it follows that to get people to defer
consumption to the future, you have to pay them by promising that they
will have more to consume later if they postpone consumption, and instead
invest what they would have consumed to produce more. The payment for
postponed consumption is measured as the interest rate. As in physics, the
explanation here proceeds by derivation, this time of a law (instead of a
particular fact), from other laws. Here we don’t need boundary conditions
because we are not explaining a particular fact. But the explanation still
employs laws, if, that is, these generalizations about people are indeed laws.
Some economists reject this explanation for why interest rates are always
positive. They hold that other factors besides preference for immediate con-
sumption explain this generalization.

Why must a scientific explanation contain one or more laws? What is it
about laws that is explanatory? One answer begins with the claim that
scientific explanation is causal explanation. Scientists search for causes. They
do so because science seeks explanations which also enable it to control and
predict phenomena, and this is something only knowledge of causes can
provide. If scientific explanation is causal explanation, then by a well-known
philosophical theory of causation it must explicitly contain or implicitly
assume laws. The empiricist account of causation holds that the relation of
cause and effect obtains only when one or more laws subsume the events so
related – that is, cover them as cases or instances of the operation of the law.
Thus, the initial or boundary conditions of the explanans cite the cause of the
explanandum phenomenon, which are the effects of the boundary conditions
according to the law mentioned in the explanans.

Causation consists in law-governed sequence on the empiricist view
because there is no other observationally detectable property common and
distinctive of all causal sequences besides exemplifying general laws. When
we examine a single causal sequence – say, one billiard ball hitting another,
and the subsequent motion of the second ball – there is nothing to be seen
that is not also present in a purely coincidental sequence, like a soccer goal-
keeper’s wearing green gloves and her successfully blocking a shot. The
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difference between the billiard-ball sequence and the green goalie-glove
sequence is that the former is an instance of an oft-repeated sequence, and
the latter is not. The last time the goalie wore the green gloves she failed to
stop the shot.

All causal sequences share one thing in common that is missing in all
coincidental sequences: they are instances of – they instantiate – general
laws. This philosophical theory, which owes its origins to the eighteenth-
century empiricist philosopher David Hume, does not require, for every
causal claim we make, that we already know the law or laws which connect
the cause and effect. Children will explain, correctly we suppose, why the
vase broke, by admitting that it was dropped (passive voice, silence on who
dropped it), on a marble floor. We accept the statement as identifying the
cause, even though neither the children nor we know the relevant laws.
Hume’s theory doesn’t require that we do so. It only requires that there is a
law or laws, already known or not yet discovered, which do so. The task of
science is to uncover these laws, and to employ them in explanations of
effects.

If scientific explanation is causal explanation, and causation is law-
governed sequence, then it follows pretty directly that scientific explanations
require laws. The trouble with this argument for the requirement that
scientific explanations appeal to laws is that, first, a few important types of
scientific explanations don’t cite causes, or don’t do so in any obvious way.
The ideal gas law, for example, explains the temperature of a gas at equilib-
rium by appeal to its simultaneous pressure and the volume it takes up. But
these can’t be causes since all three – the temperature, the volume, the pres-
sure – obtain at the same time. Moreover, the nature of causation has been
controversial in philosophy for hundreds of years. There is by no means a
consensus on Hume’s claim that every causal sequence is causal just because
it is law-governed. Many philosophers have held that causation is a much
stronger relation between events than mere regular succession. Thus, the
sound of thunder regularly succeeds the flash of lightning, but the latter is
not its cause. Rather they are joint effects of a common cause, the electrical
discharge from the cloud to the earth. Most philosophers have agreed that
causes somehow make their effects come about necessarily and that mere
regularity cannot express this necessity. The logical empiricists who first
advanced an explicit account of scientific explanation wished strongly to
avoid traditional controversies about the existence and nature of causal
necessity. Such questions were deemed “metaphysical” in the pejorative
sense that no scientific experiment could answer them, and that no answer to
them could advance scientific understanding of the world. In addition, some
among the logical empiricists held that the notion of causation was an obso-
lete anthropomorphic one, with misleading overtones of human agency,
manipulation or power over things. Accordingly, these philosophers needed
a different argument for the requirement that scientific explanations must
contain laws in their explanans.
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The argument logical empiricists advanced for the role of laws in explana-
tions illuminates several aspects of their philosophy of science. To begin
with, these philosophers sought a notion of scientific explanation that would
constitute an objective relationship between explanandum and explanans, a
relationship like the relation of mathematical proof, which obtains regard-
less of whether anyone recognizes that it does, a relationship which is suffi-
ciently precise that we can determine whether it obtains or not without any
doubt or borderline cases. Thus, the logical empiricists rejected the notion
of scientific explanation as an attempt to allay curiosity or answer a question
which might be put by an inquirer. It is relatively easy to “explain” complex
physical processes to children by telling them stories that allay their curi-
osity. The subjective psychological relevance of the explanans to the
explananda in such cases may be very great, but it does not constitute scien-
tific explanations. The logical empiricists were not interested in examining
how a scientific explanation might be better or worse, appropriate or inap-
propriate, given the beliefs and interests of someone who might ask for the
explanation. The conception of explanation as an answer to someone’s ques-
tion is not one these philosophers sought to explicate. They sought an expli-
cation of the concept of explanation which would provide it the sort of role
in science which the notion of “proof” plays in mathematics. The problem of
explanation for logical empiricists was to find some conditions on explana-
tion which insure the objective relevance of the explanans to the explanandum.
They needed a relationship which made explanatory relevance a matter of
objective relations between statements and not the subjective beliefs about
relevance of less than omniscient cognitive agents.

We do well to pause here and contrast two fundamentally different philo-
sophies of science. Some philosophers seek an objective relation between
explanandum and explanans because they hold that science is constituted by
truths about the world which obtain independently of our recognition, and
which we set out to uncover. Thus science is treated in the way Plato, and
his followers down to the present, conceive of mathematics as the study of
objective relations between abstract objects that obtain regardless of whether
we recognize them. This approach to science may be more intuitively plaus-
ible than mathematical Platonism if only because the entities science seeks
to uncover are not abstract – like numbers, but concrete – like genes.

By contrast with Platonism about mathematics, there are those who hold
that mathematical truths are not about abstract entities and relations
between them, but are made true by facts about concrete things in the uni-
verse, and reflect the uses to which we put mathematical expressions. Sim-
ilarly, there are those who hold that science needs to be treated not like an
abstract relation between truths, but as a human institution, a set of beliefs,
and methods which we use to get around efficiently in the world. On this
view scientific laws do not have a life of their own independent of the
humans who invent and employ them. One might even try to capture this
difference between philosophies of science by reflecting on the distinction
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between discovery and invention: Platonist-inclined philosophers treat the
claims of science as truths to be discovered. By contrast there are the philo-
sophers who treat science as a human institution, something we or the great
scientists among us have invented to organize our experiences and enhance
our technological control of nature. Platonists will seek an account of scien-
tific explanation that makes it an objective relation between facts and/or
statements that we set out to discover, while others seek a notion of explana-
tion as an essentially human activity. The philosophy of science from which
the logical empiricist model of explanation emerges is one which treats
science as an act of discovery, not invention. We explore this subjective/
objective contrast further in Section 2.4.

The objective relevance relation on which the logical empiricists hit is the
requirement that the explanans give good grounds to have expected the
explanandum-event to have happened. You may be surprised by this require-
ment. After all, when we ask for the explanation of an event, we already
know that it has happened. But satisfying this requirement involves produc-
ing further information which, had we been in possession of it before the
explanandum-event occurred, would have enabled us to expect it, to predict
it. Now, what kind of information would enable us to satisfy this require-
ment? A law and a statement of boundary or initial conditions will enable us
to fulfill this requirement if the law and the boundary conditions together
logically imply the explanandum. The relation of logical implication has two
important features. First, it is truth-preserving: if the premises of a deduc-
tively valid argument are true, then the conclusion must also be true;
second, whether the premises of an argument logically imply the conclusion
is an objective matter of fact which can in principle be decided mechanically
(for example, by a computer). These features answer the very demand 
the logical empiricist makes of an explication of the concept of scientific
explanation.

This analysis of scientific explanation, associated most closely with Carl
G. Hempel, the philosopher who did the most to expound and defend it,
came to be called the “deductive-nomological (D-N) model” (“nomologi-
cal” from the Greek nomos meaning lawful). Critics of this D-N account of
explanation labeled it (and its statistical extensions) the “covering law
model” and this name too came to be adopted by its defenders as well.
Hempel’s fundamental idea was the requirement mentioned above, that the
explanans give good grounds to suppose that the explanandum phenomenon
actually occurred. It stands as his “general adequacy criterion” on scientific
explanations.

In Hempel’s original version the requirements on deductive nomological
explanation were as follows:

1 The explanation must be a valid deductive argument.
2 The explanans must contain at least one general law actually needed in

the deduction.
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3 The explanans must be empirically testable.
4 The sentences in the explanans must be true.

Between them, these four conditions are supposed to be individually neces-
sary and jointly sufficient conditions for any set of statements to constitute a
scientific explanation of a particular fact. Notice that an explanation which
satisfied these conditions provides enough information so that one could
have predicted the occurrence of the explanandum-event, or similar events,
given that one knows that the initial or boundary conditions obtain. Thus,
the D-N model is committed to the symmetry in principle of explanation
and prediction. In fact, this commitment already follows from the objective
relevance requirement stated above.

The first condition guarantees the relevance of the explanans to the
explanandum. The second condition is so stated to exclude as an explanation a
patently non-explanatory argument like:

1 All free-falling bodies have constant acceleration.
2 It rained on Monday.

Therefore,

3 It rained on Monday.

Notice this argument satisfies all the other conditions on explanation. In
particular, it is a deductively valid argument because every proposition
deductively implies itself, so 2 implies 3. But it is no explanation, if only
because nothing can explain itself! And of course it’s not a D-N explanation
for another reason: the law it includes is not needed to make the deduction
valid. Consider another example.

1 All puppies born in this litter have a brown spot on their foreheads.
2 Fido is a puppy born in this litter.

Therefore,

3 Fido has a brown spot on his forehead.

This argument is no explanation of its conclusion owing to the fact that
premise 1 is no law of nature. It’s an accident of genetic recombination at
best.

The third condition, testability, is supposed to exclude non-scientific
explanations that make reference to explanatory factors that cannot be
subject to confirmation or disconfirmation by observation, experiment or
other empirical data. It reflects the epistemological commitment of empiri-
cism about scientific knowledge: the requirement that the explanans be
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testable is meant to exclude non-scientific and pseudo-scientific explana-
tions, such as those offered by astrologers for example. How testability is
assured is a subject to which we turn in Chapter 4.

The fourth condition, that the explanans be true, is problematical and
introduces some fundamental philosophical problems, indeed, the very ones
the logical empiricists hoped to escape by silence about causation. Every
scientific explanation must include a law. But laws are by definition true
everywhere and always, in the past, in the present, in the future, here and
everywhere else in the universe. As such, they make claims that cannot be
established conclusively. After all, right now we have no access to the
distant past or even the nearest future, let alone all places and times where
events happen that make laws true. That means that the statements we
believe to be laws are at best hypotheses which we cannot know for sure to
be true (see Section 2.4 below). For convenience let’s distinguish between
“natural laws”, true everywhere and always whether we have uncovered them
or not, and “scientific laws”, which is what we will call those hypotheses
well established in science as our best current estimates of what the natural
laws are.

Since we cannot know whether our scientific laws are natural laws, that is,
whether they are true, we cannot ever know for sure that any explanation satis-
fies condition 4 above: that the explanans be true. Indeed, the situation is worse:
since every previous hypothesis we have advanced about the natural laws has
proved to be wrong, and been replaced by a more accurate scientific law, we
have excellent reason to suppose that our current scientific laws (our current
best guesses about what the natural laws are) are wrong, too. In that case, we
have equally good reason to think that none of our current scientific explana-
tions really satisfy the deductive nomological model. For we have reason to
believe that at least one of their explanantia – the scientific law – is false!

But what’s the use of an analysis of explanation according to which we
probably have never uncovered any scientific explanations, only at most
approximations to them, whose degree of approximation we can never
measure?

We might try to avoid this problem by weakening requirement 4.
Instead of requiring that the explanans be true, we might require that the
explanans be true or our best current guesses about the natural laws. The
trouble with this weakened requirement is twofold. It is by no means clear
and precise which are our best guesses about natural laws. Physicists dis-
agree just as social scientists do about which guess is the best one, and
philosophers of science have by no means solved the problem of how to
choose among competing hypotheses. In fact, the more one considers this
question the more problematical becomes the nature of science, as we shall
see in Chapters 3 and 4. Weakening the requirement of truth into the
requirement that the explanans include the most well-established currently
known scientific law (i.e. our best guess hypothesis) thus undermines the 
D-N model’s claims to precision in explication.
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The second problem we face is the nature of scientific laws and natural
ones. Two of our four conditions on a scientific explanation invoke the
notion of a law. And it is pretty clear that the explanatory power of a scien-
tific explanation is in fact borne by the law. This is something even those
who reject the covering law model of explanation accept (as we shall see
below). The scientific law is what makes the connection between the
particular facts mentioned in the initial conditions of the explanans, and the
particular facts mentioned in the explanandum. If we seek an account of what
makes a D-N argument explanatory, the source must be at least in large part
in the law it invokes. But what exactly is a natural law?

2.3 Why do laws explain?

The logical empiricists early identified several features of a law on which
there has continued to be wide agreement: laws are universal statements of
the form “All a’s are b’s” or “if event e happens, then invariably, event f
occurs”. For example, “All pure samples of iron conduct electric currents at
standard temperature and pressure” or “if an electric current is applied to a
sample of iron under standard temperature and pressure, then the sample
conducts the current”. These are terminological variants of the same law.
Philosophers tend to prefer the “if . . ., then . . .” conditional version to
express their form. Laws don’t refer to particular objects, places or times,
implicitly or explicitly. But these two conditions are not sufficient to distin-
guish laws from other statements grammatically similar to laws but without
explanatory force. Compare the two following statements of the same uni-
versal form:

All solid spherical masses of pure plutonium weigh less than 100,000
kilograms.

All solid spherical masses of pure gold weigh less than 100,000 kilo-
grams.

We have good reason to believe that the first statement is true: quantities of
plutonium spontaneously explode long before they reach this mass. Ther-
monuclear warheads rely on this fact. There is also good reason to think that
the second statement is true. But it is true just as a matter of cosmic
coincidence. There could have been such a quantity of gold so configured
somewhere in the universe. Presumably the former statement reports a
natural law, while the latter describes a mere fact about the universe that
might have been otherwise. One way to see the statement about plutonium
is a law is that an explanation of why it is true requires us to appeal to
several other laws but no initial or boundary conditions; by contrast to
explain why there are no solid gold spheres of 100,000 kilograms requires
laws and a statement of boundary or initial conditions that describe the dis-
tribution of atoms of gold in the universe from which gold masses are
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formed. What this shows is that universality of form is not enough to make
a statement a law of nature.

One symptom of the difference between real laws and accidental general-
izations philosophers have hit upon involves grammatical constructions
known as “counterfactual conditionals”, or “counterfactuals” for short. A
counterfactual is another sort of if/then statement, one expressed in the sub-
junctive tense, instead of the indicative tense in which laws are expressed:
we employ such statements often in everyday life: “If I had known you were
coming, I would have baked a cake.” Two examples of such counterfactual
statements relevant for distinguishing laws from non-laws of the same gram-
matical – “if . . ., then . . .” – form are the following:

If it were the case that the Moon is made of pure plutonium, it would be
the case that it weighs less than 100,000 kilos.

If it were the case that the Moon is made of pure gold, it would be the
case that it weighs less than 100,000 kilos.

Notice that the antecedents (the sentences following the “ifs”) and the con-
sequents (the sentences following the “thens”) of both counterfactuals are
false. This grammatical feature of counterfactual sentences is obscured when
we express them more colloquially and less stiltedly as follows:

If the Moon had been composed of pure plutonium, it would weigh less
than 100,000 kilos.

If the Moon had been composed of pure gold, it would weigh less than
100,000 kilos.

So, these two statements are claims not about actualities, but about possi-
bilities – the possible states of affairs that the Moon is composed of pluto-
nium and gold respectively. Each says that if the antecedent obtained (which
it doesn’t), the consequent would have obtained (even though as a matter of
fact, neither does actually obtain). Now, we hold that the counterfactual
about gold is false. But we believe that the counterfactual about plutonium
truly expresses a truth. And the reason for this difference between these two
grammatically identical statements about non-actual states of affairs is that
there is a law about plutonium that supports the plutonium counterfactual,
while the universal truth about gold masses is not a law, but merely an acci-
dental generalization. So, it does not support the gold counterfactual.

Thus, we may add to our conditions on laws that in addition to being
universal in form, they support counterfactuals. But it is crucial to bear in
mind that this is a symptom of their being laws, not an explanation of it.
That is, we can tell the difference between those generalizations we treat as
laws and those we do not by considering which counterfactuals we accept,
and which we do not accept. But unless we understand what makes truly
counterfactuals true independent of the laws which support them, the fact
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that laws support counterfactuals won’t help explain the difference between
them and accidental generalizations.

We know that laws support their counterfactuals, while accidental gener-
alizations do not. But we don’t know what it is about laws that makes for
this difference. Presumably, they support their counterfactuals because laws
express some real connection between their antecedents and their conse-
quents that is missing between the antecedent and the consequent of an
accidental generalization. Thus, there is something about being a sphere of
pure plutonium that brings it about, or necessitates the fact that it cannot
be 100,000 kilos in mass, whereas there is nothing about being a sphere of
gold that makes it impossible to be that massive.

But what could this real connection between the antecedent and the con-
sequent of a law be, which reflects the necessitation of the latter by the
former? Certainly, laws do not express logical necessities. Or at least this is
widely believed in the philosophy of science on the ground that the denial of
a natural law is not contradictory, whereas the denial of a logically necessary
statement, like “all whole numbers are either odd or even” is contradictory.
It’s impossible to conceive of the violation of a logically necessary truth.
It’s easy to conceive of the violation of a natural law: there would be nothing
contradictory about gravity varying as the cube of the distance between
objects instead of as the square of the distances between them. Laws of
nature cannot be logically necessary.

It’s no explanation of the necessity of laws to say they reflect “nomologi-
cal” or “physical” or “natural” instead of logical necessity. A statement is
logically necessary if its denial is a self-contradiction or equivalently, if its
truth is required by the laws of logic. On this model, what is it for a state-
ment to be physical or natural necessity except that it is required to be the
case by the laws of physics or nature? If this is what natural or physical
necessity consists in, then grounding the necessity of laws on natural or
physical necessity, is grounding the necessity of laws on itself! This is rea-
soning in a circle, and it can lead nowhere.

This question of what kind of necessity laws have, and accidental general-
izations lack, is exactly the sort of “metaphysical” question that the logical
empiricists hoped to avoid by not invoking the notion of causality in their
analysis of explanation. For nomological necessity just turns out to be the
same thing as the necessity that connects causes and their effects and is
missing in merely accidental sequences. The nature of the causal connection
turns out to be unavoidable even if it is metaphysical. But perhaps we can
make progress understanding what makes a generalization a law by thinking
more about causality. At a minimum the connection between the necessity
of laws and causation will illuminate the sense in which scientific explana-
tion is causal even when the words “cause” and “effect” do not figure in the
explanation.

Recall our discussion of causal sequences versus coincidences. Presumably
a causal sequence is one in which the effect is brought about by the cause,
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produced by it, made to happen by the cause’s occurrence, necessitated by it;
one way of making this point is to put it this way: “if the cause hadn’t hap-
pened, the effect would not have happened” – the counterfactual kind of
statement we encountered when trying to understand the necessity of laws.
By contrast to a causal sequence, there is no such a relation of necessitation
between the first event and the second in a coincidental sequence. But what
does this causal necessitation consist in? There does not seem to be any
“glue” or other observationally or theoretically detectable connection
between events in the universe. All we ever see, even at the level of the
microphysical is one event, followed by another event. Try the thought
experiment: consider what goes on when one billiard ball hits another one
and the second moves; the transfer of momentum from the first to the
second is just a way of saying that the first one moved, and then the second
one did. After all, momentum is just (mass�velocity) and the masses didn’t
change, so the velocity must have changed when the momentum was trans-
ferred. Consider the counterfactual that “if the momentum hadn’t been
transferred to the second ball, it would not have moved”. Why not? Will it
help to consider what happened at the level of the molecules out of which
the billiard balls are made? Well, the distance between them became smaller
and smaller until suddenly it started to grow again as the balls separated.
But there was nothing else that happened below the level of observation
besides the motion of the molecules in the first billiard ball, followed by the
motion of the molecules that made up the second. Nothing, so to speak,
hopped off of the first set of molecules and landed on the second set; the first
set of molecules didn’t have a set of hands which reached out and pushed the
second set of molecules. And if we try the thought experiment at a deeper
level, say, the level of atoms, or the quarks and electrons that make up the
atoms, we will still only see a sequence of events, one following the other,
only this time the events are sub-atomic. In fact, the outer shell electrons of
the molecules on the surface of the first ball don’t even make contact with
the electrons on the outer shells of the molecules at the nearest surface of the
second ball. They come close and then “repel” each other, that is, move apart
with increasing acceleration. There does not appear to be any glue or cement
that holds causes and effects together that we can detect or even imagine.

If we cannot observe or detect or even conceive of what the necessary con-
nection between individual instances of causes and their effects might be,
the prospect for giving an account of how causal explanation works or why
laws have explanatory force becomes dimmer. Or at least the logical empiri-
cists’ hope to do this in a way that doesn’t avoid metaphysics will be hard to
fulfill. For the difference between explanatory laws and accidental general-
izations, and the difference between causal sequences and mere coincidences,
appears to be some sort of necessity that the sciences themselves cannot
uncover. If the question of why laws explain has been answered by the claim
that they are causally or physically or nomologically necessary, the question
of what causal or physical or nomological necessity is remains as yet unan-
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swered. Answering the question takes us from the philosophy of science into
the furthest reaches of metaphysics, and epistemology, where the correct
answer may lie.

2.4 Counterexamples and the pragmatics of explanation

Progress in the philosophy of science has often consisted in the construction
of counterexamples to analyses, definitions or explications, and then revi-
sions of the definition to accommodate the counterexamples. Since the sort
of analysis traditionally preferred by logical empiricists provides a definition
in terms of conditions individually necessary and jointly sufficient for the
concept being explicated, counterexamples can come in two different forms:
first, examples that most informed persons will concede to be explanations
but which fail to satisfy one or more of the conditions laid down; second, an
example that no one takes to be an acceptable scientific explanation, but
which satisfies all conditions.

Counterexamples to the D-N model of the first sort have often been found
in history and the social sciences, where the most well-accepted explanations
often fail to satisfy more than one of the D-N model’s conditions, especially
the requirement that laws be cited. For example, the explanation of why
Britain entered the First World War against Germany does not seem to
involve any laws. Imagine someone framing a law of the form, “Whenever
Belgian neutrality is protected by treaty and is violated, then the treaty signa-
tories declare war on the violator.” Even if the proposition is true, it’s no law,
not least because it names a specific place in the universe. If we substitute for
“Belgium” something more general, such as “any nation’s”, the result is more
general, but plainly false. One response to the fact that many explanations
don’t cite laws that are often made in defense of D-N explanation is to argue
that such explanations are “explanation sketches” which could eventually be
filled out to satisfy D-N strictures, especially once we have uncovered all the
boundary conditions and the relevant laws of human action. Counterexamples
of this sort in the natural sciences are more difficult to find, and defenders of
the D-N model are confident they can deal with such cases by arguing that the
alleged counterexample does satisfy all conditions. Thus, consider the explana-
tion of the Titanic’s sinking. Her sinking was caused by collision with an
iceberg. Surely this explanation will be accepted even though there is no law
about the Titanic, nor even one about ships that strike icebergs sinking. The
explanation is an acceptable one even when we note that it is often offered and
accepted by persons who know almost nothing about the tensile strength of
iron, the coefficient of elasticity of ice, or the boundary conditions which
obtained on the night of 12 April 1912 in the North Atlantic. Presumably, a
naval engineer could cite the relevant laws along with the boundary conditions
– size of the iceberg, speed of the Titanic, composition of its hull, placement of
its watertight doors, etc. – which underlie the explanation-sketch, and which
enable us to turn it into a D-N explanation.
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Counterexamples of the second sort, which challenge the sufficiency of
the D-N conditions as a guarantee of explanatory adequacy are more serious.
Among the best-known is the “flagpole’s shadow counterexample” due
originally to Sylvan Bromberger. Consider the following “explanation” for
the fact that at 3.00p.m. on the 4th of July 2000, the flagpole at City Hall
in Missoula, Montana, is 50 feet high:

1 Light travels in straight lines. (a law)
2 At 3.00p.m. on the 4th of July 2000 the Sun is emitting light at a 45

degree angle to the ground where the flagpole is located, perpendicu-
lar to the ground. (boundary condition)

3 The shadow cast by the flagpole is 50 feet long. (boundary condition)
4 A triangle with two equal angles is isosceles. (mathematical truth)

Therefore:

5 The flagpole is 50 feet high.

The “explanation” is designed to satisfy all four conditions given for D-N
explanations above, without being a satisfactory explanation of the height of
the flagpole. The deductive argument fails to be an explanation presumably
because it cites an effect of the flagpole’s height – the shadow it casts, not its
cause – the desires of the Missoula city mothers to have a flagpole one foot
taller than the 49-foot flagpole at Helena, Montana.

One conclusion sometimes drawn from this counterexample is simply to
reject the whole enterprise of seeking an objective explanatory relation
between statements about facts in the world independent of the human con-
texts in which explanations are requested and provided. To see why such a
move might be attractive, consider whether we could construct a context in
which the deduction above is in fact an acceptable explanation for the height
of the flagpole. For example, suppose that the city mothers had wished to
build the flagpole to commemorate the American commitment to equality
and union by casting a shadow exactly equal in length as the pole and exactly
as many feet as there are states in the union at the moment annually 
chosen for patriotic exercises on American Independence Day. In that case,
Bromberger argued, for someone well informed about the wishes of the city
mothers, it would be a correct answer to the question “why is the flagpole 50
feet high?” to reply in the terms mentioned in the deductive argument above.

This argument is supposed to show that explanation is not merely a
matter of logic and meaning – syntax and semantics; it is as much a matter
of “pragmatics” – that dimension of language which reflects the practical
circumstances in which we put it to use. We may contrast three different
aspects of a language: its syntax, which includes the rules of logic as well as
grammar, its semantics – the meanings of its words; and its pragmatics,
which includes the conditions that make some statements appropriate or
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meaningful. For example, it’s a matter of the pragmatics of language that
“Have you stopped beating your wife, answer yes or no?” is a question we
can only ask wife beaters. An unmarried man or one not given to wife-
beating cannot answer this question with a yes or a no. Similarly, if explana-
tion has a pragmatic element we can’t tell when something successfully
explains unless we understand the human context in which the explanation
was offered.

The pragmatics of language is presumably something we can ignore in
mathematical proof, but not, it is argued, in scientific explanation. Whether
an analysis of scientific explanation must include this pragmatic dimension
is a topic for the next section. But one point that can be made is that even if
explanation is unavoidably pragmatic, it may still turn out that the D-N
model provides important necessary conditions for scientific explanation – to
which some pragmatic conditions need be added. Indeed, it may be that the
D-N model provides the distinctive features of scientific explanation, while
the pragmatic element provides the features common to scientific and non-
scientific explanations.

Another implication sometimes drawn from the flagpole counterexample
is that the D-N model is inadequate in not restricting scientific explanations
to causal ones, or at least in not excluding from the explanans factors later in
time than the explanandum. Notice that the casting of a shadow 50 feet long
at 3.00p.m. on the 4th of July is something that happens well after the flag-
pole was first fabricated at 50 feet in height or mounted vertically. But what
is the reason for this restriction? Evidently it is our belief that causation
works forward in time, or at least not backwards, and that somehow the
direction of explanation must follow the direction of causation. So, we
might add to the D-N model the additional condition that the boundary
conditions be the prior causes of the explanandum. The trouble with this
addition to our requirements on explanation is that there appear to be
scientific explanations that do not invoke temporally prior causes. Suppose,
for example, we explain the temperature of a gas at equilibrium in terms of
the ideal gas law, PV� rT and the boundary condition of its simultaneous
pressure and the volume of the vessel in which it is contained. If this is a
causal explanation, it is not one which cites causes earlier in time.

Worse still, this addition invokes causation to preserve the D-N model,
and causation is something about which the proponents of D-N explanation
wanted to remain silent. Although the logical empiricists tried, philo-
sophers of science were eventually unable to continue to maintain a dignified
silence about the embarrassingly metaphysical problems of causation owing
to another obligation they bore: that of providing an account of how statisti-
cal explanation works. Both the social and biological sciences have long been
limited to providing such explanations just because they have not uncovered
universal non-statistical laws. And the indeterminacy of sub-atomic physics
makes such explanations arguably unavoidable, no matter how much we
learn about nature.
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It may seem a straightforward matter to extend the D-N model to statis-
tical explanations. But it turns out that the straightforward extension is
another reason to take the pragmatics of explanation seriously, or at least to
treat explanation as a relation between facts about the world and the beliefs
of cognitive agents who ask for explanations.

For example, to explain why Ms R. votes for the left-of-center candidate
in the latest election, one may cite the boundary condition that both her
parents always did so, and the statistical law that 80 percent of voters vote
for candidates from the same location on the political spectrum as their
parents voted for. The form of explanation is thus an argument with two
premises, one of which is a general law, or at least an empirical generaliza-
tion that is well supported.
Explanans:

1 80 percent of voters vote for candidates from the same location on the
political spectrum as the candidates that their parent of the same
gender voted for. (well-confirmed statistical generalization)

2 Ms R.’s mother voted for left-of-center candidates. (boundary condition)

Therefore, with 0.8 probability,
Explanandum:

3 Ms R. voted for the left-of-center candidate in the latest election.

But clearly the argument form of this explanation is not deductive: the truth
of the premises does not guarantee the truth of the conclusion: they are com-
patible with the women in question not voting at all, or voting for the
right-of-center candidate, etc.

Statistical explanations on this view are inductive arguments – that is,
they give good grounds for their conclusions without guaranteeing them, as
deductive arguments do. It is no defect of inductive arguments that they are
not truth-preserving, do not provide guarantees for their conclusions
(assuming the premises are true) the way deductive arguments do. All
scientific reasoning from a finite body of evidence to general laws and theo-
ries is inductive – from the particular to the general, from the past to the
future, from the immediate testimony of the senses to conclusions about the
distant past, etc. (This is a matter on which we will focus in Chapter 3.)

In this case, the 80 percent frequency of voters voting as did their same
gender-parents may be held to provide an 80 percent probability that Ms R.
can be expected to vote as she did. Thus, like D-N explanations, a so-called
inductive-statistical (I-S) model of explanation gives good grounds that
the explanandum phenomenon can be expected to occur. However, there is a
serious complication that the I-S model must deal with. Suppose that in
addition to knowing that both Ms R.’s parents voted for candidates of the
left, we also know that Ms R. is a self-made millionaire. And suppose
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further that we know that it is a statistical generalization that 90 percent of
millionaires vote for right-of-center candidates. If we know these further
facts about Ms R. and about voting patterns, we can no longer accept as an
explanation of why she voted left that her parents did and 80 percent of
voters vote as their parents did. For we know that it is 90 percent probable
that she voted for the right-of-center candidate. Evidently we need some
other statistical or non-statistical generalization about female millionaires
whose parents voted left to provide a statistical explanation for why Ms R.
did so. Suppose that the narrowest class of voters studied by political scien-
tists includes female self-made millionairees from Minnesota, and that
among these 75 percent vote for candidates of the left. Then we may be enti-
tled to explain why Ms R. so voted by inductively inferring from this gener-
alization and the fact that she is a self-made millionaire from Minnesota that
she voted as she did, and this will count as an I-S explanation of the fact. It
is because this is the narrowest class of voters about which we have know-
ledge, that we know which among these statistical regularities (all of them
true) to apply in the explanation. So, to get an account of I-S explanation,
we need to add to the four conditions on D-N explanation, something like
the following additional condition:

5 The explanation must give a probability value for the conclusion no
higher than the probability given in the narrowest relevant reference
class the explanandum phenomenon is believed to fall into.

But notice, we have now surrendered a fundamental commitment of the
logical empiricist’s approach to explanation: we have made the subjective
beliefs of agents who ask for and offer explanations an essential element in
scientific explanation. For it is our beliefs about the narrowest relevant refer-
ence class for which we have framed statistical regularities that determines
whether an explanation satisfies the requirements of the I-S model. Of
course, we could drop the qualification “is believed to” from (5), but if the
underlying process that our statistical generalization reports is really a deter-
ministic one, our I-S explanation will reduce to a D-N model, and we will
have no account of statistical explanation at all.

Perhaps the problems of statistical explanation and the flagpole’s shadow
counterexample should lead us to take seriously alternatives to the logical
empiricist theory of explanation that emphasize the epistemic and pragmatic
dimensions of explanation. Instead of starting with a strong philosophical
theory and forcing scientific practice into its mold, these approaches are
sometimes claimed to take more seriously what scientists and others actually
seek and find satisfactory in explanations.

One way to see the differences between the pragmatic/epistemic approach
to explanations from the D-N approach is to consider the following three
different explanatory requests all couched in the syntactically and semanti-
cally identical expressions:
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(a) Why did Ms R. kill Mr R.?
(b) Why did Ms R. kill Mr R.?
(c) Why did Ms R. kill Mr R.?

The emphasis makes it clear that each question is a request for different
information, and each presumably reflects differences in knowledge. Thus,
the first presumes that Mr R.’s being killed needs no explanation, only why
it was Ms R. instead of some other person “who done it” which needs expla-
nation; the second question presupposes that what needs explanation is why
what Ms R. did to Mr R. was a killing, and not a beating or a robbing, etc.,
and the third question is a request for information that rules out other
persons beside Mr R. as the victim of Ms R. Each of the different questions
reflects one member of what Bas Van Fraassen has called a “contrast class” of
statements. Thus, the “contrast class” for (a) is {The butler killed Mr R., the
cook killed Mr R., Mr R.’s daughter killed Mr R., Mrs R. killed Mr R., . . .}. 
As expressed in (a), the request for explanation is in part a request to be
shown why each of the other members of the contrast class can be excluded.
The D-N model is blind to these differences in explanation which result
from these differences in emphasis. Some philosophers who rejected logical
empiricism advance an account of scientific explanation that starts with
pragmatics.

Following an analysis of explanation due to Van Fraassen, call what the
sentences (a), (b) and (c) above share in common the “topic” of the question.
Now, we may associate with every question a three-membered set, whose
first member is its topic, whose second is the member of the contrast class
picked out by the interests of whomever requests the explanation, and whose
third member is a standard for what counts as an acceptable answer to the
question, which is also fixed by the interests and information of the person
seeking the explanation. Call this standard on acceptable answers to our
explanatory question, “the relevance relation”, for it determines what
answers will be judged to be relevant in the context to the topic and the
member of the contrast class in question. We may even identify every
explanatory question with this set:

Q (why is it the case that Fab)?�

�Fab, {Fab, Fac, Fad, . . .}, R �
topic contrast class relevance relation

where “Fab” is to be read as “a bears relation F to b”; thus Fad means “a
bears relation F to d”, etc. So if F is used to symbolize the property of “. . . is
taller than . . .”, then Fbc reads “b is taller than c”. If F is used to symbolize
the property of “. . . killed . . .”, then Fab means a killed b, and so on. The
question Q above is to be understood as including whatever emphasis or
other pragmatic element is necessary to make clear exactly what is being
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asked. For example, “Why did Ms R. kill her husband?” will be a different
question from “Why did Ms R. kill her husband?”, and different from “Why
did Ms R. kill her husband?” All questions have (pragmatic) presuppositions
(“Who let the dog escape again?” presupposes that the dog escaped and not
for the first time, and that someone was responsible for allowing it).
Explanatory questions are no exception. The presuppositions of Q include at
least the following: that the topic, Fab (the description of what is to be
explained) is true, that the other possibilities (the rest of the contrast class),
Fac, Fad, etc., didn’t occur.

Finally, the presuppositions of Q include the existence of an answer to Q,
call it A. A explains Q if, in light of the background knowledge of the
inquirer, there is some relationship between A and the topic, Fab, and 
the rest of the contrast class (Fac, Fad, etc.) which excludes or prevents the
occurrence of the rest of the contrast class, and assures the occurrence of 
the topic, Fab. In our example, we seek a true statement which, given our
knowledge, bears the relationship to the topic and the contrast class that it
makes Ms R.’s killing her husband true and the members of the contrast
class false. Van Fraassen calls this relationship between A and the topic and
the contrast class “the relevance relation”. We will want to know much
more about this relationship. If our answer A is that Ms R. wanted to inherit
Mr R.’s money, then the background knowledge will include the usual
assumptions about motive, means and opportunity that are the police detec-
tive’s stock in trade. If our background knowledge includes the fact that Ms
R. was rich in her own right, and indeed, much richer than her husband, the
relevance relation will pick out another statement, for example, that Ms R.
was pathologically avaricious. Of course a scientific explanation will presup-
pose a different “relevance relation” than that involved in the explanation of
why Ms R. killed her husband. Van Fraassen tells us in effect that what
makes an explanation scientific is that it employs a relevance relation fixed
by the theories and experimental methods that scientists accept at the time
the explanation is offered.

How does all this apparatus enable us to improve on the D-N model?
Because the analysis makes explanation openly pragmatic, it has no problem
with the I-S model, nor with the notion that in different contexts explaining
the flagpole’s height by appeal to its shadow’s length will succeed. In the
flagpole example, if we know about the egalitarian and patriotic desires of
the city mothers of Missoula, the explanation in terms of the Sun’s rays, the
size of the shadow and the geometry of isosceles triangles will explain the
height of the flagpole. Similarly, in the I-S explanation, if we don’t know
that Ms R. is a millionaire and/or we are acquainted with no further statisti-
cal generalizations about voting patterns, the initial I-S argument will be
explanatory.

Independent of its ability to deal with the counterexamples, a pragmatic
approach to explanation has its own motivation. For one thing, we might
want to distinguish between a correct explanation and a good one. This is
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something the D-N and I-S models cannot do, but which the pragmatic
account can accommodate. Some true explanations are not good ones, and
many good ones are not true. An example of the first kind frequently cited
in philosophy explains to a child why a square peg will not fit in a round
hole by appeal to the first principles of the quantum theory of matter instead
of by appeal to facts the inquirer is familiar with and can understand. An
example of a good explanation if not a true one is provided by any of the
well-confirmed but superseded theories which are part of the history of
science. Physicists know well the defects in Newtonian mechanics. But New-
tonian mechanics continues to provide explanations, and good ones at that.

But the philosopher interested in scientific explanations will rightly com-
plain that no matter what its other virtues, this pragmatic account does not
illuminate scientific as opposed to other kinds of (non-scientific) explanations.
In effect this pragmatic analysis of explanation leaves us no clearer than we
were on what makes an explanation scientific. All it tells us is that explana-
tions are scientific if scientists offer and accept them. What we want to know
are the standards for the “relevance relation” which will distinguish its expla-
nations from the pseudo-explanations of astrology or for that matter the non-
scientific explanations of history or everyday life. If we cannot say a good deal
more about the relevance relation, our analysis of explanation will have little
or no prescriptive bearing for how explanations ought to proceed in science,
nor will it enable us to demarcate scientific from non-scientific explanations.

Summary

Our starting point for understanding scientific explanation is the deductive-
nomological [D-N] or covering law model, advanced by the logical 
empiricists. This analysis requires that scientific explanations satisfy the
requirement of giving good grounds that their explanandum phenomena were
to be expected. If we can deduce the occurrence of the event or process to be
explained from one or more laws and boundary conditions, we will have sat-
isfied this requirement.

Thus, the requirements for scientific explanation on this view are:

1 The explanans logically implies the explanandum-statement.
2 The explanans contains at least one general law that is required for the

validity of the deduction.
3 The explanans must be testable.
4 The explanans must be true.

Several of these conditions raise serious philosophical problems.
One particularly important problem is that of exactly why laws explain.

Laws are held to do so either because they report causal dependencies or
alternatively because they express some sort of necessity in nature. On one
account widely influential, causation just consists in law-governed sequence,
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so the problem becomes one of what distinguishes laws from mere accidental
regularities that reflect no necessities. This apparent difference is reflected in
the way laws support counterfactuals, but this difference is by itself only a
symptom and not an explanation of what their necessity consists in.

Many explanations in physical science and most explanations elsewhere
fail explicitly to satisfy this model. Exponents of D-N explanation argue that
explanations can in principle do so, and they should if they are to provide real
explanations. Of course many explanations approximate to the D-N model and
for many purposes such “explanation sketches” are good enough.

Other philosophers reject both the D-N model and its motivation.
Instead of a search for an objective standard against which to measure expla-
nations for scientific adequacy, they focus on attempting to uncover the
logic of the explanations scientists – physical, biological, social and behav-
ioral – actually give. One reason to find this alternative strategy attractive
arises when we consider the logical empiricist account of statistical explana-
tions, the inductive-statistical, I-S, model. For whether a statistical general-
ization is explanatory seems to be a matter of what is known about the
population in the form of background information by those asking for the
explanation and those offering it.

But the alternative “pragmatic” approach to explanation does not success-
fully identify what distinguishes scientific explanations from non-scientific
ones. This leads to problems we continue to explore in the next chapter.

Study questions

1 Defend or criticize: “The D-N or covering law doesn’t illuminate the
nature of explanation. If someone wants to know why x happened under
conditions y, it’s not illuminating to be told that x is the sort of thing
that always happens under conditions y.”

2 Supporting counterfactuals is just a symptom of the necessity of laws. In
what does this necessity consist? If there is no such thing as physical or
natural necessity, why do laws explain?

3 Can we directly observe causation every time we see a pair of scissors cut
or a hammer pound? If we can, what philosophical problems might this
solve?

4 Defend or criticize: “The D-N model represents an appropriate aspira-
tion for scientific explanation. As such, the fact that it is not attainable
is no objection to its relevance for understanding science.”

5 Exactly where do the pragmatic and the D-N account of explanation
conflict? Can they both be right?

Suggested reading

Balashov and Rosenberg’s Philosophy of Science: Contemporary Readings, the
anthology designed as a companion to this text, contains an extract from a
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previous book of mine, which sketches the history and vicissitudes of logical
positivism in a little greater length than the present chapter. This reading,
“Biology and its philosophy” follows an article by one of the founders of the
positivist “Vienna Circle”, Moritz Schlick’s “The Future of Philosophy”.

Philosophy of Science: Contemporary Readings includes several of the import-
ant papers on explanations, causation and laws which have influenced discus-
sion of these topics over the past 50 years. See Section II, Explanation,
causation and laws. Some of these papers and other contributions are also to
be found in two other anthologies, R. Boyd, P. Gaspar and J.D. Trout, The
Philosophy of Science and M. Curd and J.A. Cover, Philosophy of Science: The
Central Issues. The latter volume provides especially cogent editorial essays
explaining and linking the articles.

The debate about the nature of explanation begins with classical papers
written by Carl G. Hempel in the 1940s and 1950s and collected together
with his later thoughts in Aspects of Scientific Explanation. Much of the sub-
sequent literature of the philosophy of science can be organized around the
problems Hempel raises for his own account and deals with in these essays.
The final essay from which the title of the work comes, addresses the work of
other philosophers who responded to Hempel’s account. Balashov and
Rosenberg reprints Hempel’s paper outlining the D-N and the inductive-
statistical accounts, “Two Models of Scientific Explanation”.

The subsequent history of debates about the nature of explanation is
traced in Wesley Salmon, Four Decades of Scientific Explanation, originally
published as a long essay in volume 13, Scientific Explanation, of the Min-
nesota Studies in the Philosophy of Science, W. Salmon and P. Kitcher (eds) and
subsequently published as a separate volume. The volume from which it
comes is a trove of contemporary papers on the nature of scientific explana-
tion. Salmon has long been particularly concerned with statistical explana-
tion, a matter treated along with other topics in his Scientific Explanation and
the Causal Structure of the World. Salmon’s own views are expounded in
“Scientific Explanation, Causation, and Unification”, reprinted in Balashov
and Rosenberg, as is Kitcher’s defense of explanation as unification,
“Explanatory Unification and the Causal Structure of the World”.

Hume advanced his theory of causation in Book I of A Treatise of Human
Nature. Its influence in the philosophy of science cannot be overstated,
though few adhere to it. A latter-day empiricist account of laws is advanced
by A.J. Ayer, “What is a Law of Nature?”, in The Concept of a Person: Hume
and the Problem of Causation by T.L. Beauchamp and the present author,
expounds and defends Hume’s view. J.L. Mackie, The Cement of the Universe,
provides an exceptionally lucid introduction to the issues surrounding causa-
tion, causal reasoning, laws and counterfactuals, and defends an empiricist
but non-Humean view. Mackie’s paper, “The Logic of Conditionals”, is
anthologized by Balashov and Rosenberg, as is John Earman’s empiricist
account, “Laws of Nature”. R.M. Tooley, Causation: A Realist Approach, pre-
sents a widely discussed non-empiricist approach. R. Miller, Fact and
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Method: Explanation, Confirmation and Reality in the Natural Sciences, defends
an explicitly causal account of explanation.

W. Kneale, Probability and Induction, advances a strong and long influ-
ential account of the natural necessity of laws. The problem of counter-
factuals was first reported in N. Goodman, Fact, Fiction and Forecast. The
most influential treatment of the nature of counterfactuals is David Lewis,
Counterfactuals, and “Causation”, in his Philosophical Papers, vol. 2.

Van Fraassen’s approach to explanation is developed in The Scientific Image
from which an extract is provided, “The Pragmatics of Explanation”, in Bal-
ashov and Rosenberg. P. Achinstein, The Nature of Explanation, advances a
pragmatic theory of explanation which differs from van Fraassen’s.

J. Pitt, Theories of Explanation, reprints many important papers on expla-
nation, including Hempel’s original paper; W. Salmon, “Statistical Explana-
tion and Causality”, P. Railton, “A Deductive-Nomological Model of
Probabilistic Explanation”, B. van Frassen, “The Pragmatic Theory of Expla-
nation” and P. Achinstein, “The Illocutionary Theory of Explanation”.

Other important papers on explanation are mentioned in the suggested
reading list at the end of the next chapter, also devoted to explanation.
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