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In Chapters 15 and 16, I have been assuming that scientific theories have as 
much of a claim to be considered cases of knowledge as do our ordinary beliefs. 
Indeed, I have gone so far as to say that scientific theories can even overthrow 
our ordinary beliefs about the world, even those that, like the belief that parallel 
lines never meet, seem to be self-evident. In this chapter, we will examine some 
reasons for doubting this assumption. 

Two ATTITUDES TOWA RD SCIENCE 

When I introduce my students to the theory of knowledge, I often 
ask them to name some statements they think they know. After writing the 
statements on the blackboard, I then ask them to rank the statements in order of 
certainty. Once, a student insisted that the statement "There are electrons" is 
more certain than any of the following: " I am sitting in a classroom," "It seems 
to me that I am sitting in a classroom," "This wall is yellow," and "This wall 
looks yellow to me." Expressing some surprise, I asked her why she fe lt that 
way. Her answer was that science tells us the facts, whereas the rest is just our 
own opinions. 
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This answer reflects one commonly held attitude toward science. According 
to this attitude, currently accepted scientific theories are more certain than even 
our own observations. Science, as my student said, deals with fact; the rest of us 
deal only with opinion. 

But there is a second commonly held attitude toward science, reflected by the 
following anecdote. 

As our class discussions of the theory of knowledge continue, I tell my stu-
dents about the physicist's view of the world, stressing that the elementary par-
ticles, such as electrons and quarks, are colorless. "How do you know that?" a 
student once asked. "That's what the physicists say," I answered. "But that's 
just their opinion," he responded. "Why take their word for it?" 

According to this attitude, the word of the scientist carries no more authority 
than that of the common person, even when it comes to matters generally con-
sidered part of the scientist's expertise. We often come across this attitude in 
conflicts between scientific theories and religious beliefs, as when fundamental-
ist Christians say that the theory of evolution is just that-a theory-and there-
fore holds no greater claim to our acceptance than the creation account given in 
Genesis. In both cases we are dealing with mere opinion. 

Both of these attitudes are, of course, extreme ones. The first ignores two 
crucial points. First, the observations of the scientist are used to provide evi-
dence for scientific theories. If their observations are mere opinion, how can 
their theories be anything else but mere opinion? If, that is, theories are ac-
cepted on the basis of certain observations, we cannot relegate those observa-
tions to the realm of mere opinion while maintaining that the theories are pure 
fact . 

This is not to say that theories don't lead us to discount observations. To the 
contrary, they sometimes do. When we see a stick half submerged in water and 
the stick appears bent, we often discount the observation because of our theory 
of light refraction. The stick isn't really bent, we say. It just looks bent because 
the water refracts the light. But even in this case, the observation that the stick 
appears bent is taken as evidence for the theory of light refraction. 

Moreover, the first attitude ignores another crucial point. Scientific theories 
change. Any currently accepted theory may be modified because of further ob-
servations or even replaced by another theory. Once it was thought that the sun 
revolved around the earth; now it is believed that the earth revolves around the 
sun. Once it was thought that the atom was the smallest particle; now it is be-
lieved that electrons and quarks are basic. Once it was thought that the passage 
of time was absolute; now it is believed to be relative to speed and gravitational 
pull. 

The second attitude ignores the expertise of the scientist. Granted, theories 
do change and scientists often admit that they were wrong, but that does not 
mean that their beliefs about the nature of elementary particles are mere opin-
ions, on a par with our own opinions about the ultimate nature of matter. By 
way of comparison, think of the physician. Physicians often err, but we do not 
on that account put our health in the hands of anybody who has an opinion on 
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the matter. However fall ible individual physicians may be, and however imper-
fect the current sta te of medical knowledge may be, it is far more reasonable to 
trust a physician's diagnosis of a medical problem than, say, a plumber's, just as 
it is far more reasonable to call a plumber when installing new bathroom fix-
tures than it is to call a physician. Similarly, given their training, scientists are 
best able to tell us about the elementary particles. If they are wrong, it is far 
more likely that their mistakes will be discovered by other scientists--not by 
me and my students during a class discussion. 

So there is a middle ground, somewhere between these two attitudes, that is 
most reasonable. Scientifi c theories may be overturned, so it is a mistake to take 
them as gospel. But they provide the best explanation we have to date, and they 
are not to be relegated to the realm of mere opinion. This middle ground is a bit 
wider than it might first appear. Within it, there are two opposing attitudes, 
each a less extreme version of the two attitudes noted above. 

SCIENCE A ND TRUTH 

Can we reasonably expect science to lead us to the truth? When we 
have arrived at the best scientific theories we can develop, will we have arrived 
at the truth? Is there such a thing as scientific advance? If so, does science ad-
vance toward the truth? 

The middle ground that we claimed in the previous section leaves room for 
conflicting answers to these questions. The first answer, which we may call the 
Peircean view, after Charles Sanders Peirce (1839-1914), is a posi tive one. Ac-
cording to this view, science proceeds in an orderly way, with each adjustment 
to accepted theories and each replacement of one theory by another taking us 
closer to the truth. That is, science progresses toward an ideal theory, which is 
the one true theory about the world, and each step in this progression is a step 
more nearly approximating that true theory. At any point in this progression, 
we can say that currently accepted theories are more nearly true than earlier 
ones. 

The second, non-Peircean answer is a negative one. According to this view, sci-
ence does progress, but it is mistaken to view the progression of science as a 
march toward the truth. The non-Peircean attitude has two forms . The fi rst, 
called ins/rumen/a/ism, views scientific theories as instruments or tools for the 
prediction of future observations. Just as some saws are better than others for 
cutting wood, so are some theories better than others for predicting fu ture ob-
servations. But just as we do not call the better saw the true or more nearly true 
one, so should we not call the better theory the true or more nearly true one. 

The other non-Peircean attitude may be called the Kuhnian view, after the con-
temporary American historian of science Thomas Kuhn. According to Kuhn, 
the characteristic activity of science is puzzle-solving. The puzzles to be solved 
and the procedures for solving them are supplied by what he calls a paradigm. 
What is a paradigm? It is a body of accepted theory shared by the members of a 
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scientific community that determines the research objectives of the members of 
that community. Newtonian physics, for example, was such a paradigm fo r 
three centuries. In its place we now have relativity theory and quantum me-
chanics as the paradigms of physics. 

When a body of theory becomes the paradigm of a particular science, it pre-
sents many puzzles to the scientists. Chiefly, these puzzles involve the refine-
ment of the theory in areas in which it has had some .success and the extension 
of the theory to areas in which it has not yet been applied. Scientists working in 
evolutionary theory, for example, deal with such puzzles as these: Why should 
particular traits become dominant in certain species? What is the most impor-
tant unit in evolution-the species, the group, the individual, or the gene pool? 
Are social behavior and institutions the product of the same mechanisms as 
physical traits? 

In the normal course of scientific activity, science progresses by solving these 
puzzles and generating new ones. In extraordinary times, as when Newton's 
paradigm was replaced by Einstein's, it advances by changing paradigms. But 
neither sort of advance is an advance toward the truth. 

Why not? Because different paradigms are different ways of .looking at the 
world-different ways of seeing it, describing it, examining it and attempting to 
understand it. Although there are various reasons for preferring one paradigm 
to another, these reasons should not lead us to declare the preferred one more 
nearly true than the other. 

We will have more to say about the Peircean and non-Peircean attitudes later 
in this chapter. But first, let us take a look at scientific reasoning. 

INDUCTION AND DEDUCTION 

Philosophers distinguish two types of reasoning--deduclion and in-
duction. Good deductive reasoning, called a valid deductive argument, is said to be 
truth-preserving. The best way to see what this means is to look at an example. 
Consider the following: 

I. Either today is Saturday or I'm a monkey's uncle. 
2. I'm not a monkey's uncle. 
3. Therefore, today is Saturday. 

The first two statements of the above argument are called premises. The third is 
the condusion. Notice-if the premises are true, there is no way that the conclu-
sion can be false . That is, the above argument fo llows a certain rule of reasoning 
that guarantees that if the premises are true, so is the conclusion. That is what 
we mean when we say that deductive reasoning is truth-preserving. It is also 
why we can say the fo llowing: A valid deductive argument is one that follows a 
rule of reasoning that guarantees that if the premises are true, so is the conclu-
sion. 



318 KNOWLEDGE AND SCIENCE 

Inductive reasoning, on the other hand, is not truth-preserving. Good inductive 
reasoning, called warranted inference, is reasoning that shows that the conclusion 
is acceptable given certain other statements, called the evidence, grounds, or reasons. 
That is, the reasons in a warranted inference, unlike the premises of a valid ar-
gument, confer only a high degree of likelihood on the conclusion. They do not 
guarantee that the conclusion is true. 

Most of our everyday reasoning is inductive. If I look at my watch and say 
that the time is such and such, I am reasoning inductively. If a friend tells me 
something and I believe what I am told, I am reasoning inductively. If I hear a 
loud bang and conclude that a car backfired, I am reasoning inductively. If I 
taste a brand of peanut butter, like the taste and then decide to continue buying 
that brand, I am reasoning inductively. In each case, I conclude that the most 
likely explanation of the evidence is a certain conclusion. Tl)at is, I accept the 
hypothesis that I take to be most likely. 

The notion of explanation is crucial here. Hypotheses, the conclusions of in-
ductive inferences, are, as we saw in the previous chapter, justified by explana-
tory statements. My watch says twelve o'clock because it is twelve o'clock. My 
friend said what she did because she believes what she said, and she believes it 
because she has good reason to believe it, and she has good reason because it is 
true. I heard a bang because a car backfired. This peanut butter tastes the way it 
does because it was prepared a certain way, and other jars of this brand will taste 
the same because they are made the same way. 

Scientific reasoning is also inductive, but it is inductive reasoning of a special 
kind. Let us see what this kind is. 

Theoretical Induction 
Ordinarily, inductive inferences proceed like this. We observe cer-

tain kinds of regularities and infer that these regularities will continue. I have 
observed, for example, that backfiring cars make a loud noise, so when I hear a 
similar noise I infer that it was caused by a backfiring car. Similarly, we observe 
white and only white swans and conclude that all swans are white. 

Of course, we cannot always make a warranted inference to the conclusion 
that observed regularities will continue. Such an inference is warranted only if 
we are warranted in believing that something explains these observed regular-
ities and will continue to explain future regularities. That is, we cannot infer 
that observed regularities will continue if they were purely coincidental. The in-
ference that all swans are white, for example, is warranted by the belief that 
there is something about the genetic make-up of swans that makes them white. 
The inference that my friend is now telling the truth is warranted by the belief 
that she is a reliable person, and that this aspect of her character explains the 
fact that she has told the truth before and will continue to tell the truth. 

Thus, warranted induction requires more than observed regularities. It also 
requires a certain theory explaining these regularities, or at least the justified 
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belief that such a theory can be devised. Suppose, for example, that you toss a 
coin five times and each time it comes up tails. Is the conclusion that it will 
come up tails the next time warranted? That depends. If you have additional 
reason to believe that the coin is not a fair one, the fact that it came up tails five 
times in a row might warrant that conclusion, if the additional evidence is 
strong enough. Otherwise, the conclusion that the next toss will come up tails is 
not warranted. In the former case, the assumption that the coin is not a fair one 
provides an explanation of the five tosses, and that explanation will explain why 
the next toss will be tails. In the latter case, there is no such explanation. The 
five tosses came up tails by pure coincidence. 

Thus, a suitable theory (in this case about the coin) is required for an infer-
ence that observed regularities will continue. How can we test the theory? In the 
case of the coin, we can run two sorts of tests. For one thing, we can continue 
tossing it. If it continues to come up tails, even after a thousand tosses, that is 
good evidence that it is not a fair coin. If it begins coming up heads with the 
same regularity as it does tails, that is good evidence that it is a fair coin. Sec-
ond, we can examine the coin. If, for example, we find that both sides are tails, 
we have observed that it is not a fair coin. Or, if we notice that the coin is 
weighted on one side, causing it to come up tails, we have in that way observed 
that it is not a fair coin. 

The second sort of test provides direct evidence for the hypothesis that the 
coin is not a fair one. The evidence is direct because it is a matter of simple ob-
servation of what makes the coin unfair. The first sort of test, on the other hand, 
provides indirect evidence. It is indirect because we observe only the consequences 
of the hypothesis. That is, we reason this way. If the coin is not a fair one, it will 
continue to tum up tails. Since it does continue to tum up tails, no matter how 
often we toss it, it is reasonable to conclude that it is unfair. · 

In our ordinary lives, we make use of both direct and indirect evidence. In the 
testing of scientific theories, however, direct evidence is generally unavailable. 
This is because scientists often attempt to explain what they observe by appeal-
ing to something that they do not observe and often cannot observe. Thus, their 
inferences are somewhat different from many ordinary ones. They do not infer 
that certain observed regularities explain other observed ones. Let us call this 
form of induction theoretical induction. 

Famous examples of this sort of induction are the genetic theory of Gregor 
Mendel (1822-1884) and Sigmund Freud's (1856-1939) theory of unconscious 
motivation. Why is it that certain traits are passed on from generation to gen-
eration with a certain distribution? Mendel's answer was that there is some hid-
den factor (now called a gene) that transmits these traits, and that some are domi-
nant and some recessive. Take the example of blue and brown eyes. If I inherited 
blue-eye genes from my mother and brown-eye genes from my father, I will be 
brown-eyed, because brown eyes are a dominant trait and blue eyes recessive. 
If my wife also inherited both blue- and brown-eye genes, she will also have 
brown eyes. But there is one chance out of four that our child will have blue 
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eyes, because there is one chance out of four that the child will inherit my 
blue-eye genes and its mother's. Thus, this theory explains why a certain per-
centage of children of brown-eyed parents will have blue eyes. 

Similarly, why is it that we behave in certain ways, even when we claim to 
want to behave in other ways? Freud's answer was that our motivation for such 
behavior is unconscious. Whatever we consciously want, believe, fear, and so 
forth, there are unconscious wants, beliefs, and fears that govern our behavior. 
Moreover, these unconscious motivations even govern our behavior that we 
think is done for conscious reasons. 

Likewise, contemporary physicists explain all sorts of laboratory phenomena 
by appealing to such entities as electrons and quarks. There is, for example, a 
bit of apparatus known as a Wilson cloud chamber. Under certain conditions, a 
line of condensed vapor will appear in the chamber. What is the explanation of 
the line? An electron is passing through the chamber, leaving a vapor trail. 

Notice that Mendel didn't observe the genes. Nor did Freud observe uncon-
scious motivations, nor do physicists observe electrons or quarks. Rather, such 
things are posited by the scientist. They are not observed entities or events, but 
posits. Scientists accept their existence on the basis of observation and theory, 
but they are not themselves observed. 

THEORY SELECTION AND CONFIRMATION 

Two questions appear at this point. First, why choose one theory 
over any other? Why choose to explain behavior in terms of unconscious moti-
vation? Why not say, for example, that the behavior is purely arbitrary, or that 
it is controlled by some outside force, the devil, for instance? There are any 
number of possible explanations. Why pick that one? 

Well, the reasons were given in the previous chapter. There, I noted simplic-
ity, conservatism, and usefulness in predicting future observations. All of these 
considerations favor the positing of unconscious motivation over the positing of 
satanic possession. 

But how do we test these theories? We test them by seeking indirect evi-
dence. Because usefulness in predicting future observations is an important 
feature of theories, scientists test them by seeing whether predicted observa-
tions occur. If Mendel's theory is correct, we can expect to observe a certain 
distribution of inherited traits in successive generations. If Freud's is correct, we 
can expect to observe certain behavior in certain circumstances. If a predicted 
observation occurs, the observation is said to be a confirming instance of the the-
ory, and the theory is said to be confirmed. If the predicted observation does not 
occur, the observation that occurs instead is said to be a disconfirming instance, and 
the theory is said to be disconfinned. 

Notice that I said "confirmed" and "disconfirmed," not "proved" and "dis~ 
proved." One expected observation does not prove that a theory is true, nor does 
one unexpected observation disprove it. In general, scientists avoid talk of proof 
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and disproof. Instead, they talk of confirmation and disconfirmation. And 
theories that have many confirming instances and few or no disconfirming ones 
are called highly confirmed-not proved. 

Thus, to speak of theory versus fact is misleading in science. There is no 
sharp distinction, just a continuum. At the one end, there are highly confirmed 
theories currently accepted by scientists; at the other, highly disconfirmed 
theories rejected by scientists. In between, there are theories of lesser and 
greater degrees of confirmation. 

Theory Revision and Theory Rejection 
One remark in the above section may seem somewhat puzzling. A 

highly confirmed theory, I said, has many confirming instances and few, if any, 
disconfirming ones. This means that scientists accept theories with disconfirm-
ing instances. Why don't they reject a theory when disconfirming instances are 
found? What do they do when they come across one? 

Well, there is no one thing that they do in such cases. Sometimes they will 
make certain revisions in the theory so that the revised theory is one that would 
have made the proper prediction. Once a theory is developed, it does not re-
main static, but is constantly refined and revised. To continue the metaphor of 
the previous chapter, a theory is like a web. At the center may be something like 
the statement that the speed of light is constant, or that unconscious motivation 
determines behavior, or that genes transmit inherited traits, or that species 
change through natural selection. But the theory includes much more-certain 
details regarding how natural selection works, for example, or the ways in 
which unconscious motivations are formed. If the predicted observations don't 
occur, changes will be made in these less central points, but not at the center. 

Sometimes scientists will treat disconfirming instances as outstanding puz-
zles, which they will either proceed to tackle immediately or put off for a time, 
depending on how pressing they are compared with other puzzles. Sometimes 

. they may even ignore an unexpected result, attributing the failure to experi-
mental error. 

For an example of theory revision, consider the following well-known chap-
ter in the history of science. Early in the nineteenth century, the theory of the 
solar system included the following: Seven planets orbit the sun, and their 
orbits obey the law of gravity. On the basis of this theory, certain predictions 
were made concerning the orbit of Uranus. When these predictions turned out 
to be wrong, two astronomers working independently, John C. Adams 
(1819-1892) in England and Urbain Leverrier (1811-1877) in France, predicted 
that there must be an eighth planet, and in 1846, Neptune was discovered. The 
important point here is that scientists did not reject the belief that the planets 
orbit the sun, nor did they reject the law of gravity as accepted. Instead, they 
assumed that there was an unknown planet. The unexpected orbit of Uranus 
was seen as a puzzle for astronomical theory, not as a reason for rejecting it. 

Of course, the proliferation of puzzles can get out of hand, and attempts to 
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solve them can introduce greater and greater strain on the troubled theory. That 
is what happened to the theory of the ancient astronomer Ptolemy, according to 
which the earth remains stationary in the center of the universe and the other 
bodies orbit the earth. As unpredicted observations multiplied, so did the revi-
sions. The earth was moved slightly off center, the other planets were said to 
move in odd, inexplicable ways, and there seemed to be no underlying princi-
ples or laws providing any systematic unity to the hodgepodge of calculations. 

These adjustments to Ptolemaic theory are perfect examples of what philoso-
phers call ad hoc assumptions. That is, they were introduced to patch up particular 
failings of the theory, but had no applications beyond those particular failings. 
They were thrown in after the fact but did not prevent the need for further 
patching up. Contrast such adjustments to the adjustment of Adams and Lever-
rier. In this case, the positing of Neptune's existence made possible the predic-
tion of many future observations beyond the quirks in Uranus's orbit. 

But the strain on Ptolemaic theory was not itself enough to bring about the 
rejection of the theory. An entire theory is not scrapped unless there is another 
theory to take its place. In this case, the replacing theory was provided by Co-
pernicus (1473-1543), who placed the sun at the center instead of the earth. The 
result was a simpler theory, unified by certain principles of motion, and un-
hampered by the huge number of ad hoc assumptions that plagued Ptolemaic 
theory. Still, Ptolemy's views were not immediately replaced by Copernicus's. 
Further and more precise observations followed, providing greater confirmation 
of the Copernican view. But even more importantly, there came the work of 
Galileo (1564- 1642) and Johannes Kepler (1571-1630), which vastly improved 
on Copernicus's theory and provided the first truly modem view of the heavens. 

At that point, a scientific revolution occurred. In Kuhn's terms, one paradigm 
was replaced by another, as theories were changed and the direction of scien-
tific research radically altered. 

AN ADVANCE TOWARD TRUTH? 

All of the above is fairly uncontroversial. But a question arises: Why 
say that successive theories bring us closer to the truth? Why not say instead 
that successive theories are more useful, or simple, or whatever, and leave it at 
that? 

To ask these questions is to return to the debate between the Peirceans and 
non-Peirceans. The Peirceans, once again, believe that science aims toward a 
final, true theory of the world, and that the history of science is a succession of 
theories bringing us ever closer to that goal. Non-Peirceans do not deny that sci-
ence progresses, but deny that we can rightly speak of this progress as a series 
of closer approximations of truth. 

Thus, one kind of non-Peircean, the instrumentalist, claims that scientific 
theories are mere tools for predicting observations, and that we can rightfully 
speak of them as being better or worse tools, but not as being more or less true. 
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THE PROBLEM OF INDUCTION 
Most everyday and scientific reasoning, we saw, is inductive reasoning. In 
fact, we use induction so often that we take its reliability for granted. But is 
our faith in induction justified? Some philosopt-iers have answered no. 

The so-called problem of induction was first introduced by David Hume 
(1711-1776) . His presentation of the problem proceeded as follows. Nature, 
as we have all noticed, has conformed to certain regularities in the past. Ob-
jects thrown into the air have fallen to the ground, water has frozen at 
thirty-two degrees Fahrenheit, ducks have not suddenly turned into 
chickens, and so forth . Noticing this, we naturally assume that these regular-
ities will continue. It is because of this assumption that we rely on inductive 
inference. If we did not believe that these regularities would continue, there 
would be no reason to believe induction reliable. 

But what is our reason for believing that these regularities will continue? 
Certainly, we do not involve ourselves in any contradictions by entertaining 
the possibility that all regularities might suddenly be upset. The world would 
become a very strange place, of course, but there is nothing logically impos-
sible about such strangeness. 

It seems that we can justify induction only by resorting to past experience. 
Since the world has conformed to certain regularities in the past, it is reason-
able to believe that it will continue to do so. The problem with this line of 
reasoning is that it assumes what it aims to prove. That is, it resorts to induc-
tion in order to justify induction. Such circular reasoning, Hume argued, 
provides no justification at all. 

Science Without Induction 
Hume took his argument to be decisive, and accepted its skeptical conse-
quences. Some contemporary philosophers, led by Karl Popper, also accept 
Hume's argument as decisive, but, unlike Hume, argue that science does not 
rest on induction at all. These anti-inductivists, as we shall call them, claim 
that the task of science is not to show that theories are true, but to show that 
they are false. Scientists do not seek to verify theories; rather, they seek to 
falsify them. 

According to this view, a scientific hypothesis is a conjecture, which can be 
tested by a number of crucial experiments. These experiments are said to be 
crucial because, if the predicted observations do not occur, the conjecture 
has been shown to be false. If the predicted observations do occur, however, 
that is no reason to think the conjecture true. All that we are entitled to say is 
that it has not been shown to be false. 

Thus, crucial experiments do not support conjectures, in the sense of giv-
ing evidence for their truth. If they do not refute a conjecture, the job of the 
scientist is to run another crucial experiment that might refute it. Even if the 
conjecture is never refuted, the best that we can say is that it has not been 
shown to be false. We are never justified in claiming that it is true. 

This view has two serious problems, though. First, it does not seem consis-
tent with the practice of actual scientists. As we saw in the main body of th is 
chapter, scientists do not submit all statements in a theory to crucial tests. 
Theories are tested, of course, but disconfirming instances do not immed i-
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ately lead to their rejection. Disconfirming instances are often taken as puz-
zles, not refutations. 

Second, it seems to neglect the practical use to which scientific theories 
are pu t. We depend on scientific theories in all sorts of practical matters, and 
we do so because we believe that there is good reason to think them true, 
not because they have not been proved false. Many things have not been 
proved false, but that by itself is no reason to act on them. 

Thus, most philosophers have been more inclined to seek a justification of 
ind uction than to do without induction. Let us look at two much-discussed 
attempts. 

A Linguistic Argument and a Pragmatic Argument 
Hume assumed that the only way to justify induction is to show that induc-
tion must lead to true predictions. Some philosophers, however, have 
claimed that induction can be justified in other ways. 

Consider, fo r example, the following linguistic argument. To justify a belief 
is to show that it is reasonable. To justify the belief that we can rely on in-
du ction, then, is to show that it is reasonable to do so. 

But what do we mean by the word " reasonable"? According to the argu-
ment under consideration, part of what we mean is something like "in ac-
cordance with the principles of induction." That is, it belongs lo the meaning 
of "reasonable" that induction is reasonable. And in that case, induction 
needs no further justification. It is reasonable to rely on it because that is 
what we mean by "reasonable." 

Consider also the following pragmatic argument. Although we cannot be 
certain that induction will lead to successful predictions, we can be certain 
of th is much-if anyth ing can, induction can. If induction is ultimately 
unre liable, then so is any other method. 

Suppose that nature conforms to certain regularities. In that case, induc-
tion will eventually lead to their discovery and therefore to successful pre-
dictions. If natu re does not conform to any regularities, then induction will 
not lead to successful predictions, but neither will any other method. 

Therefo re, we cannot lose by relying on induction. We are like a dying pa-
tient decid ing whether to undergo surgery, where the patient does not know 
whether the surgery will be successful but does know that nothing else can 
save his li fe. He has nothing to lose by having the operation, but everything 
to gain . 

Do these argumen ts provide acceptable solutions to Hume's problem? 
Most philosophers think not. Hume's problem is not that there is no reason 
whatever to re ly on induction. It is, rather, that there is no reason to believe 
that it will lead to the tru th. And no examination of the meanings of words 
can assure us that it w ill lead to truth, nor will arguments turning on safe 
betting strategies. 

But there is anothe r, more important objection to these arguments. There 
is no one method called induction. Rather, there are infinitely many possible 
inductive methods. Even if the two arguments considered show that it 
is reasonable to rely on inductio n, they do not show that it is more reason-
able to rely on the methods we now use than on any other inductive 
methods. 
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A Circular Justification 

Hume claimed that any attempt to justify induction by appealing to past ex-
perience is circular, and. therefore un,1cceptJble. Must we agree with him? 
Perhaps not. In the previous chapter, we si1w that there is a sense in which 
the justification of all beliefs is circul.1r. Since justification is a matter of ex-
planatory coherence, every belief helps to justify every other belief, in which 
case all justification must come full circle. But that does not mean that we 
are not justified in believing JnythinH, I s.iid . Our webs are not constructed 
like big circles. Instead, they are constn ,cted like vast, intricate, crisscrossing 
networks. In other words, justification is 1101 .i matter of proceeding in one 
direction along a closed circle, but of t!st.11,lishing the coherence of the entire 
network. 

Our belief that the inductive methods we use will lead to truth is the glue 
that holds the network together, b11t it is ,tlso part of the network itself. In 
that case, its justification must procetid like the justification of any other be-
lief. That is, it is justified by its pl.ice in the network and the usefulness of the 
entire network in predicting experi,inre. 

If such a justification is circular, ,1s I h11ne cl.iirns, perhaps the circle is not a 
vicious one. Perhaps, that is, it dotis not prevent us from being justified in 
believing that induction will le,1d lo lrttth. 

The chief reason for adopting this position is the nature of theoretical induc-
tion. If we cannot achieve direct evidt•nce for our theories, if, for example, we 
can never observe electrons or qu.uks, if our decision to accept' electron theory 
is based on its usefulness in predictinH ob!lerv.1tions, then why say that electron 
theory is true? Why say that there ,m clct:trons? 

Whenever we devise and accept ,1 scientific theory, the selection of that par-
ticular theory is in no way forced on us , We h,1ve certain standards of selection, 
of course, but what is there to guar,1nh•l• th.it these standards lead to tru th? The 
theory that combines conservatism ,111d :il111plicity with the ability to predict 
observations without reliance on ad hoc ,l!tsumptions is certainly the most useful 
theory, but why should the most useful one be the true one? 

Implicit in this argument is the follmvinv, view of science: The major task of 
science is the discovery of observ.1bll' rev,ul.1rities. Scientific theories lead to 
success in this task by acting as ,1 middh•111,111. By positing various entities and 
forces, they allow us to pred ict th.1t cert ,1i11 rq,:ul.irities will occur. But we can 
accept them as useful middlemen without committing ourselves to their truth . 

Also implicit in this argument is .1 cert.1 in view of scientific explanation: To 
explain a certain phenomenon is to be ,1bie lo predict future occurrences of the 
same phenomenon. To explain co11111u/:,ii,, , /1,•/1,111i11r, such as excessive hand wash-
ing or overeating, in terms of uncon~ciow1 motiv.1tion is to adopt a way of p re-
dicting such behavior in the future . To l!Xpl.1i11 the distribution of different eye 
colors in a generation in terms of dom i11 ,1 n t ,ind recessive genes is to adopt a 
way of predicting future distribut ions. 'l'htt!I, !,cientific explanations are merely 
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tools for prediction, and we need not concern ourselves with questions of truth 
and fals ity. 

But both of these implicit assumptions are suspect. Science does not merely 
seek to discover and predict observable regularities. It also seeks to understand 
them. It seeks to discover why they occur and how they occur. If theories are 
merely tools for prediction, then science does not really help us understand the 
world at all, and these regularities will forever remain a mystery to us. 

Likewise, to explain something is not merely to learn how to predict future 
occurrences of it. It is also to understand why our predictions are successful. 
Suppose, for example, that every time your philosophy instructor comes into 
class needing a shave he gives you a surprise quiz. Once you notice this, you 
will be able to predict when he will give you a quiz and when he will not. But 
you do not know why he gives you a quiz on those and only those days. Your 
ability to predict a quiz does not mean that you can explain its occurrence. Only 
when you have learned why the regularity exists will you know its explanation. 
If, for example, you learn that he comes into class unshaven because he has 
been out all night, you might adopt the hypothesis that he gives you a quiz be-
cause he has not had time to prepare a lecture. If your hypothesis is true, you 
have explained the quizzes. Otherwise, you have not. 

Therefore, to accept instrumentalism is either to distort the aim of science or 
to convict science of failing to achieve its aim. But to say this is not to say that 
instrumentalism is wrong. Perhaps, that is, science does not really provide ex-
planations. Perhaps our best scientific theories are not close approximations of 
the truth. 

Against these claims, we can say the following. The methods of science are 
highly refined variations of our ordinary methods for getting at the truth. They 
have evolved out of centuries of trial and error. They have been put to the test 
in our ordinary lives and in scientific enterprises of ever-increasing theoretical 
sophistication. No doubt, it is mistaken to claim that they are absolutely certain 
to arrive at the truth some day. Still, the arguments considered in this section 
are not enough to make it unreasonable to believe that they will. 

If the methods of science constitute the best way we have of investigating 
certain sorts of problems, and if the acceptance of scientific theories is governed 
by these methods, then it is reasonable to believe that progress from one theory 
to the next is an advance toward truth. 

ARE COMPETING THEORIES 
INCOMMENSURABLE? 

Our response to the instrumentalist assumes that there are fairly 
well defined ways of choosing among competing theories, that supporters of 
competing theories share at least rough agreement on these methods, and that 
after a sufficient period of reasoned debate these methods will support the the-
ory coming closest to the truth. 
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What if these assumptions are overly optimistic? What if observation and 
reasoned debate can take disagreeing scientists only so far, after which the 
choice of one theory among two or more must be made on some other basis? 

These are the questions posed by Kuhn, who argues that rival paradigms are 
incommensurable. By that he means that they cannot be compared in a totally ob-
jective and rational manner. When some scientists want to introduce a new 
paradigm at the same time that others remain faithful to the existing one, there 
is a clash between two radically different ways of looking at the world, and 
there is no neutral ground from which a decisive solution can be found. Let us 
look at two reasons for adopting this view. 

First, Kuhn claims, adherents of rival theories quite literally do not see the 
same things, so observations cannot provide a suitable neutral ground. What we 
see when we look at the world depends on our beliefs about what we are seeing. 
Prior beliefs create expectations, and these expectations help to form our ob-
servations. The beliefs belonging to rival theories are often so different that they 
make it impossible for disputing scientists to have the same observations. One 
scientist cannot observe what a disputant observes until the conversion process 
has already begun. 

The situation is in many ways analogous to a religious conversion or a mysti-
cal experience. The born-again Christian and the Zen disciple who achieves sa-
tori (or enlightenment) do not first observe evidence for their new world views 
and then have their experiences. The experiences and evidence and world views 
are brought about together. The born-again Christian has to be brought to see 
the world as a continuing miracle. The Zen disciple has to be brought to see that 
the distinctions of ordinary thought are not ultimate. And more than reasoned 
debate is required to bring them to that point. Something fundamentally nonra-
tional is required. 

To make this analogy is not to convict scientists of being irrational. Kuhn 
does not say that they fly in the face of reason. Rather, his claim is that some-
thing is needed in addition to reason. A commonly cited example of how expec-
tations help to form observations is the duck-rabbit drawing. 

Some of you looking at this figure immediately see a duck. Others immediately 
see a rabbit. In order for you to change your perception, you have to think of 
the figure differently. You have to tell yourself that certain lines depict a duck's 
bill, not rabbit ears. You have to think of the figure as facing to the left, not to 
the right. If you first see it as a rabbit, that is, you have to think of it as a duck 
before you can see it as a duck. According to Kuhn, the same thing applies to 
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scientists in times of paradigm disputes. Where one scientist sees a duck, the 
other sees a rabbit. Where one sees compelling evidence for the new theory, the 
other sees a mere puzzle for the old. 

Second, supporters of rival theories cannot always agree on whaf needs to be 
explained, let alone how it is to be explained. If different theories take different 
things as basic and not in need of explanation, how can there be an objective 
way of deciding which provides the best explanation? 

According to the physics of Aristotle (384-322 B.c.), for example, the natural 
state of matter is rest. Whereas motion always has to be explained, rest never 
has to be explained. If an object stops moving, we need not ask why. If it con-
tinues to move, we must ask why. 

According to the physics of Isaac Newton (1642-1727), however, it is not 
motion that requires explanation, but changt of motion. If a moving object stops, 
explanation is needed. If it slows down or speeds up, explanation is needed. If it 
changes direction, explanation is needed. If an object at rest begins to move, ex-
planation is needed. But if a moving object does not change direction or speed, 
explanation is no more required than if an object at rest remains at rest. 

The difference between Aristotle and Newton here is not merely a matter of 
disagreement concerning the law of intrfia (as Newton's principle is called). In-
stead, Kuhn says, the difference concerns a fundamental way of looking at the 
world. Thus, when a Newtonian looks at a freely swinging object tied to a rope 
attached to the ceiling, he sees a pendulum. When an Aristotelian looks in the 
same direction, he sees an object trying to achieve its natural state of rest at the 
bottom. The difference is not how to explain the motion of a pendulum, but what 
is to be explained. 

Thus, the argument goes, the Newtonian and Aristotelian paradigms are in-
commensurable. Each takes a different phenomenon as basic, and each is sup-
ported by different observations requiring different types of explanations. Ulti-
mately, a conversion is needed to end the dispute. One side must come to see 
the world differently. 

The Peircean Response 
Kuhn's arguments have attracted many philosophers to the Kuhnian 

view, but many others remain unconvinced. For one thing, even if we grant that 
disputing scientists see things differently, that does not mean that we must grant 
that they literally see different things. Even if the Aristotelian does not describe 
what he sees as a pendulum, even if he cannot think of it or see it as a pendu-
lum, that does not mean that he is not seeing a pendulum. If two people receive 
similar light patterns from the same source, they are seeing the same thing, 
whatever they think it is. 

Moreover, there is always some neutral way of describing what is seen. If de-
scribing it as a pendulum unfairly slants the observation in favor of the New-
tonian, we can always describe it as a ball on a string. And if all else fails, we can 
fall back on the light patterns on the observers' retinas. The point here is that 

SCIENTIFIC EXPLANATION 329 

even if different theories involve radically different beliefs about what is ob-
served, there is always some body of shared beliefs that allows for a neutral de-
scription. Consequently, we can say that the disputants see the same thing, and 
we can describe what they see in such a way that they would both agree. 

Also, that different theories take different phenomena as basic does not show 
that these theories cannot be compared and evaluated. Whether we take rest or 
change of motion as basic has numerous consequences for the resultant 
theories, and we can compare the theories accordingly. Once again, considera-
tions of simplicity, predictive power, conservatism, and lack of reliance on ad 
hoc assumptions come into play here. It may take time before these considera-
tions allow us to pick out the best theory, and something like a conversion ex-
perience may accompany the acceptance of that theory by some scientists, but 
that does not mean that the rival theories are incommensurable. Nor does it 
mean that the new theory does not lead us closer to the truth. 

THE FINAL WORD? 

Our conclusion, then, is a Peircean one: Science leads to truth. But 
before leaving the topic, let me introduce two further considerations in support 
of that view. 

The first comes from the contemporary American philosopher Hilary Put-
nam, perhaps the most energetic of today's Peirceans. We can put this point in 
the form of a question: If scientific theories are neither true nor approximately 
true, why do they work so well? Why is talk of electrons and quarks so suc-
cessful? Why is the positing of unconscious motivation so powerful in our un-
derstanding of one another? The best answer is that science works so well be-
cause its theories are true or nearly true. Indeed, there is no other good 
explanation for its success. If its theories are not even approximately true, their 
success is nothing but a miracle. 

It is important to note here that the success of science is not limited to the 
prediction of laboratory phenomena. Televisions, computers, and so forth, are a 
large part of the success of science. So, for better or worse, are nuclear power 
plants and weapons. 

Second, although science does sometimes progress through radical shifts, the 
advance of science is more continuous than the Kuhnian view might make it 
appear. Successive theories often replace previous ones with radically different 
conceptions of the world, but there is a sense in which they contain the earlier 
theories in themselves. However radical the break may at first seem, important 
continuities can be found. 

Let us think of the extraordinary success that Newton's theories had and still 
have. The physics and geometry we learn in high school are those of Newtonian 
physics, and engineers and others continue to use the Newtonian framework 
with great success. But this success is explained by Einstein's theories. Newton's 
laws can be taken as special cases of Einstein's. When we apply Einstein's "in 
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the small," we come up with measurements much like Newton's. That is, Ein-
stein's cover the situations in which Newton's are applicable plus those in 
which Newton's are inapplicable. 

This does give us a picture of progress toward the truth. 

STUDY QUESTIONS 
I. What is the Peircean view of science? How does it differ from instrumental-

ism and the Kuhnian view? 
2. What is deductive reasoning? Inductive reasoning? How does a valid argu-

ment differ from a warranted inference? 
3. What is theoretical induction? When scientists reason by theoretical induc-

tion, how do they select their hypotheses? How do they test them? 
4. What is a confirming instance of a theory? A disconfirming instance? What 

options are open to scientists when they come upon a disconfirming instance 
of their theory? 

5. According to the instrumentalist, scientific theories should be thought of as 
tools for prediction. Why do they say that? Why have other philosophers 
disagreed? 

6. What does Kuhn mean by the claim that rival theories are incommensura-
ble? How does he support the claim? How do Peirceans respond? 

7. What is an ad hoc assumption? What role does the notion play in the accep-
tance and rejection of scientific theories? 

8. Why did Hume believe that induction is in need of justification? Why did he 
believe that induction could not be justified? Why did Popper believe that 
science does not rest on induction? 

9. What three attempts at justifying induction did we consider? How well do 
they succeed? 

GLOS SARY 
Ad hoc assumplion. An assumption that is (1) made to save a theory from a partic-

ular disco11firming inslance, but that (2) has no application beyond that instance. 
In other words, an ad hoc assumption explains why a particular experiment 
does not come off but provides no help in predicting the outcome of future 
experiments. 

Anli-induclivism. The view that science does not attempt to verify hypotheses by 
induclion, but instead tries to fals ify them by exposing them to crucial experi-
ments. 

Confirmalion. The successful outcome of an observational test of a hypothesis. 
To confirm a hypothesis is to show that an observation predicted by the hy-
pothesis occurs. If it does, the hypothesis is confi rmed, and the predicted ob-
servation is said to be a confirming instance of the hypothesis. If it does not, 
the hypothesis is disconfirmed, and the unpredicted observation is said to be a 
disconfirming instance. 

Deduclion. A form of reasoning governed by rules that are truth-preserving. To say 
that the rules are truth-preserving is to say that they gua rantee that, if the 
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premises are true, so is the conclusion. A deductive argument that conforms to 
these rules is a valid one. 

Direct evidence. To acquire direct evidence for a hypothesis is to observe directly 
that the hypothesis is true . Direct evidence is contrasted with indirect evi-
dence. To acquire indirect evidence for a hypothesis is to observe that some 
consequence of the hypothesis is true. Take, for example, the hypothesis that 
it is raining outside. If people come into my office and tell me that it is rain-
ing, and they are carrying wet umbrellas and wearing wet clothes, I have in-
direct evidence for the hypothesis. If I go outside and observe the rain myself, 
I have direct evidence. 

Disconfirmation. (See confirmation.) 
lncommensurability of theories. A feature ascribed to scientific theories by some 

philosophers. To say that two theories are incommensurable is to say that 
they cannot be compared in a totally objective way. 

lndirecl evidence. (See direct evidence.) 
Induction. Form of reasoning that is not truth-preserving. In a good (that is, war-

ranted) inductive inference, true evidence statements do not guarantee that 
the conclusion is true, but show that the conclusion is acceptable, or likely to 
be true. 

lnstrumentalism. The view that scientific theories are neither true nor false, but 
better or worse instruments for predicting observations. 

Paradigm. A body of theory accepted by a scientific community and determining 
the research objectives of that community. 

Posit. To accept the existence of something (an object or force, for instance) on 
the basis of indirect evidence and its ability to explain observed phenomena. 
Anything so posited is called a posit. 

Premise. A statement in a deductive argument from which the argument's con-
clusion is drawn. 

Theoretical induction. Form of induction in which only indirect evidence can be ac-
quired. In theoretical induction, one posils the existence of an entity, force, or 
whatever, and seeks to confirm its existence by observing whether predicted 
observations occur. 

Truth-preserving. (See deduction .) 
Validity. (See deduction.) 
Warranted inference. (See induction.) 


