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7. Philosophy of Science

In high school you were probably introduced to something
misleading called the scientific method. According to this picture
of science, science proceeds by asking a question, formulating a
hypothesis, designing an experiment to test the hypothesis, and
analyzing the results to reach a conclusion. The experiment
should be repeatable and the hypothesis is only considered well
supported if our experimentation yields plenty of data in support
of it. When we find plenty of data supporting our hypotheses,
the pattern of reasoning employed is basic induction by
enumeration where we generalize or predict based on observed

patterns.

While this model does describe a frequently employed method
in science, it’s misleading to think of this as the scientific method.
The disservice done to the actual practice of science by this bit
of high school curriculum is really quite egregious. It’s as if you
were shown how to play a C major scale on the piano and then
told “there you ¢o, that’s how to make music. That’s the
method.” In actual practice, scientists employ a variety of
methods that involve a broad range of patterns of reasoning,

both inductive and deductive. Testing hypotheses often involves
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things like hunting for clues, diagnosing unexpected results,
engineering new ways of detecting evidence, and a great many
things beyond designing experiments and generalizing based on
the results of these. The support for a hypothesis is often a
matter of inference to the best explanation rather than inductive
generalization. Sometimes the best analysis of data seeks
alternative explanations for data anomalies that do not fit with
predictions rather than automatically counting such data as

evidence against a hypothesis.

Investigating the messy, gritty details that drive actual scientific
practice is where the real action in the philosophy of science is
today. Explaining how science advances human understanding of
the world often requires a close examination of what’s going on
in actual scientific practice. It is not uncommon for philosophers
of science to describe their work as something like the science of
science. Methods are not to be prescribed up front by the
philosophical lords of epistemology. Rather, in contemporary
philosophy of science we ook to science to see what methods
actually work, and then try to better understand the significance

of these.
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Over the past few chapters, we have covered a couple of classic
skeptical problems. In the wake of Descartes and Hume you
might worry that we can’t know much at all. Lots of people are
willing to just let the matter rest there and think we can only
have so many subjective opinions, even about scientific matters
(witness, for instance, the skepticism generated by deniers of
climate science). It’s hard, however, to take this uncritical
skepticism seriously in the face of the truly impressive
achievements of science over the past few centuries. Looking at
these achievements, it seems we have powerful evidence for our
ability to fisure things out and get at many truths. So, the
suggestion | want to make at the outset of this chapter is that the
way to address the skeptical problems raised by Hume might be
to examine more closely the methods by which we seem to
attain knowledge and begin to sort out how they work in practice.

In this
80

chapter we will trace a few developments over the course of the
20th century with an eye to better understanding how the

philosophy of science has developed into what it is today. We
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will start with Logical Positivism, a broad empiricist movement of

the early 20th century.
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Logical Positivism

The contemporary analytic tradition in philosophy that is now
globally well-established got its start with Logical Positivism at
the beginning of the 20th century in Vienna. Losgical Positivism
can be understood as Empiricism, heavily influenced by Hume,
and supercharged with powerful new developments in symbolic
logic. The system of logic that we now teach in college level
symbolic logic courses (PHIL& 120 at BC) was developed just over
a century ago in the work of Gotlob Frege, Bertrand Russell, and

Albert North Whitehead for the purpose of better understanding
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the foundations of mathematics. In Principia Mathematica,
Russell and Whitehead made a case for analyzing all of
mathematics in terms of logic (together with set theory).
According to the argument of Principia Mathematica,
mathematical truths are not truths justified independent of
experience by the light of reason alone. Rather they are derivable
from logic and set theory alone. Merely logical truths are trivial
in the sense that they tell us nothing about the nature of the
world. Any sentence of the form ‘Either P or not P’, for instance,
is a basic logical truth. But, like all merely logical truths,
sentences having this form assert nothing about how the world
is. Logic doesn’t constitute knowledge of the world; it is merely

a tool for organizing knowledge and maintaining consistency.

Mathematics had long served as the rationalist’s paradigm case
of knowledge justified through reason alone. So, we can make a
powerful case for Empiricism by showing that math is really just
an extension of logic. It remains debatable whether Frege,
Russell, and Whitehead succeeded in showing this, but their
attempt, and especially the powerful new system of logic they
developed in making this attempt, constituted a powerful blow

against Rationalism and inspired a group of empirically minded
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philosophers and scientists in Vienna to employ the same logical
tools in analyzing and clarifying philosophical issues in science.
As we will see, their ambitions were even grander since they also
argued that much of what was going on in philosophy at the time

was literally meaningless.

While we have moved on from most of the views about science
promoted by the Logical Positivists, this movement represents a
thorough house cleaning in philosophy. Losgical Positivism marks
the end of the grand system building we can see in Plato and
Descartes. Philosophy since generally proceeds by addressing
fairly specific problems. Speculative metaphysical theories, often
seen as expressing the spirit of a culture or nation (Heidegger, for
example) are thoroughly repudiated. Philosophy after the Logical
Positivists proceeds as a disciplined branch of inquiry not so
different in kind from science, but differing only in subject matter.
While philosophers usually don’t engage in empirical
experimentation (though sometimes they do), philosophers from
here on are generally sensitive to the findings of empirical science

and how these frame, raise, or resolve philosophical issues.

81
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We will consider three central projects taken on by the Positivists
in developing their Empiricist view of scientific knowledge. These
are the demarcation problem, the problem of distinguishing
science from non-science, developing a view about what a
scientific theory is, and giving an account of scientific explanation.
The Positivists utilize the resources of symbolic logic in each of

these projects.
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The Demarcation Problem

Among the main tasks the Positivists set for themselves was that
of distinguishing legitimate science from other rather suspect
flields and methods of human inquiry. Specifically, they wanted
to distinguish science from religion, metaphysics, and pseudo-

science like astrology.

The speculation and lack of clarity in most 19th century
philosophy often made philosophy more representative of
national or cultural viewpoints and values than straight inquiry
into philosophical issues and ideas. Logical Positivism took such
thinking to be literally meaningless as a representation of any
shared reality. In doing so, they were taking a stance against
thinking behind the rising tide of nationalism and fascism that
took root in Europe, Germany in particular, and ultimately led to
Nazism and the World War Il. Politically, many members of the
Vienna Circle that started Logical Positivism were liberal or
socialist. Ethnically, many were Jewish or of Jewish ancestry. Most
members of the Vienna Circle ultimately became refugees
around the time Nazi Germany annexed Austria in the years

leading up to World War Il. Many wound up in the US or Britain.
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19th century German metaphysics involved attempts to reason
about such obscure notions as “the absolute,” or the nature of
“the nothing.” Such metaphysics needed to be distinguished
from genuine science. We had also seen appeal to obscure
empirically suspicious entities and forces in Aristotelian science
such as the “vital force” to explain life, or the “dormative virtue”
a mysterious power of substances like opium to cause sleep.
Such mysterious forces needed to be eliminated from genuine

scientific discourse.

While metaphysics and talk of obscure forces in science were to
be distinguished from genuine science, the Positivists needed to
preserve a role for unobservable theoretical entities like atoms
and electrons. The rejection of metaphysics and obscure forces

must not undermine the legitimate role for theoretical entities.

The Positivists employed Empiricism in their proposed solution
to the demarcation problem. Empiricism, as we know, is just the
view that our sense experience is the ultimate source of
justification for all of our factual knowledge of the world. The
Positivists extend Empiricism to cover not just the justification of
knowledge, but the meaningfulness of language as well. In

particular, the Positivists advanced what they called The
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Verificationist Theory of Meaning (VTM). We can formulate the
VTM as follows:

« A sentence is meaningful only if we can specify observable

conditions that would verify it as true or false.
82

The kind of meaning we are concerned with here is
representational. That is, the VTM is a standard of meaningfulness
for language that aims to represent the world as being one way
or another. There is other language, like love poetry, that isn’t
really concerned with what is true or false. Love poetry is more
concerned with evoking feelings, and the Positivists aren’t
opposed to us using language for things other than describing
what is true or false. They just aim to get clear on the difference

and their proposal for doing this is the VTM.

The VTM has it that a sentence counts as meaningful only if we
can specify the observable conditions under which it would
count as true or false. This view is aimed at distinguishing
empirically respectable scientific language from nonsense. So, we
have a view on which science is distinguished as meaningful while

pseudo-science, religion, poetry etc. are, strictly speaking,
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meaningless. Likewise, most of philosophy turns out to be
meaningless as well. Not only will obscure 19th century German
metaphysics turn out to be meaningless, but talk of free will,
immaterial substances, and all of ethics will likewise turn out to
be meaningless. The only legitimate role left for philosophers,
according to the Logical Positivists, will be the logical analysis of
scientific discourse. Being meaningless, religion, pseudo-science,
most of philosophy, literature etc. is neither true nor false. While
these things cannot be true or false, according to Positivists’
criteria for meaningfulness, they may provide helpful expressions
of human emotions, attitudes towards life, etc. That is, poetry,
literature, religion, and most philosophy will be merely so much

comforting or disturbing babble, mere coos, squeals, or screams.

Significant progress is made by paying close attention to the
meaningfulness of scientific discourse. But the Verificationist
Theory of Meaning eventually falls apart for a number of reasons
including that it turns out not to be meaningful according to its
own criteria. Amusingly, we can’t provide an empirical test of
truth or falsity for the claim that a claim is meaningful only if we
can provide an empirical test for its truth or falsity. That is,

according to the Verificationist Theory of Meaning, the term
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“meaningful” turns out to be meaningless. Logical Positivism
remained a powerful influence in philosophy througsh much of
the 20th century and it did serve to weed out some pretty
incomprehensible metaphysics. But | can now happily report that
other important areas of philosophy, notably ethics and
metaphysics, have recovered from the Positivists’ assault on
philosophy from within. While we have moved on from most of
the views propounded by Positivists, the more enduring influence
has been to raise the standards of clarity and logical rigor in
philosophy. This is necessary for philosophy to proceed as a kind

of inquiry, unfettered by nationalist or culturally bound bias.
Theories

Understanding the Logical Positivist view of theories requires that
we say a few things about formal languages. The symbolic logic
developed in Russell and Whitehead’s Principia Mathematica is a
formal language. Computer languages are also formal languages.
A formal language is a precisely specified artificial language. A

formal language is specified by doing three things:

383
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« identify the languages vocabulary.

« identify what counts as a well formed expression of that

language.

« give axioms or rules of inference that allow you to transforming
certain kinds of well formed expressions into other kinds of well

formed expressions.

Scientific theories are formal languages according to the
Positivists. We can understand what this means be considering
the component parts of a scientific theory and how these map
on to the elements of formal languages just given. A theory
consists of the formal language of first order predicate logic with
quantifiers (the logic developed first by Frege and then in greater
detail by Russell and Whitehead) supplemented with
observational vocabulary, correspondence rules that define
theoretical terms in terms of observational vocabulary, and
statements of laws like Galileo’s laws of motion, Newton’s law
of universal gravitation etc. All of the non-logical vocabulary of a
scientific theory is definable in observational terms. Well formed
expressions in scientific discourse will be only those expressible

in terms of formal logic plus the vocabulary of science. The rules
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of inference in scientific discourse consist only of the rules of

inference of logic and math plus scientific laws.

The Losgical Postivist’s view of what a theory is has since been
deemed overly formalized. There are numerous legitimate
theories in science that can’t be rendered in a formal system.
Consider theories in anthropology or geology for instance.
Nevertheless, the idea of a theory as a formal system is a
powerful one and it remains the gold standard in many sciences.
Linguistics has “gone computational” in recent vyears, for
instance. The most ambitious scientific undertaking in all of
human history, the science of climate change, also aims to render
theory and explanation in formal systems through massive and
intricately detailed computer models of climate change. In fact,
roughly speaking, we can consider a theory formalizable when it
can be comprehensively modeled on a computer. Computer

programs are paradigm examples of formal systems.

A further more general lesson we might take from the Positivist’s
view of theories addresses a very commonplace
misunderstanding of what a theory is. People commonly think of
theories as just claims that lie on a scale of certainty being

somewhat more certain than guesses or hypotheses, but rather
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less certain than established matters of fact. This is really a
terrible misunderstanding of what a theory is. It is commonly
invoked in fallacious attempts to discredit science, as when
people dismiss evolution or climate change science as “just a
theory.” Such comments reveal a basic misunderstanding of
what theory is. For something to count as a theory has nothing
to do with our level of certainty in its truth. Many scientific
theories are among the best established scientific knowledge we
have. A few years ago, for instance, some scientist claimed to
have observed a particle in a particle accelerator travelling faster
than the speed of light. It made the news and caused a bit of
excitement. But those in the know, those who understand
Einstein’s special relativity and the full weight of the evidence in
support of it patiently waited for the inevitable revelation that
some clocks had been mis-calibrated. Einstien’s special relativity
is right and we know this with about as much certainty as we can

know
84

anything. In the other direction, there are lots of genuine theories
that we know full well to be false. Aristotle’s physics would be

one example. Having very much or very little confidence in
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something has nothing to do with whether it is properly called a

theory.

So if it’s not about our degree of confidence, what does make
something a theory? What makes something a theory is that it
provides a general framework for explaining things. The Positivists
didn’t discover this, but their idea of a theory as a formal system
illustrates the idea nicely. Theories generally consist of a number
of logically interconnected principles that can be mutually
employed to explain and predict a range of observable
phenomenon. Bear this in mind as we consider the Positivist’s

view of scientific explanation.
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Explanation

According to the Deductive Nomological model of explanation
developed by the Logical Positivist, Carl Hempel, a scientific
explanation has the form of a deductively valid argument. The
difference between an argument and an explanation is just their
respective purposes. Formally, areuments and explanations look
alike. But the purpose of an explanation is to shed light on
something we accept as true, while the purpose of an argument
is to give us a reason for thinking something is true. Given this
difference in purpose, we call the claim that occupies the place

of the conclusion the explanandum (it’s the fact to be
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explained), and the claims that occupy the place of the premises
the explanans (these are the claims that, taken together, provide
the explanation). In a scientific explanation, the explanans will
consist of laws and factual claims. The factual claims in
conjunction with the laws will deductively entail the
explanandum. For example, consider this explanation for why a

rock falls to the earth:

1. F = GM1IM2/r2, Newton’s law of universal gravitation which
tells us that massive bodies experience a force of mutual
attraction that is proportionate to their mass and inversely

proportionate to the distance between them.

2. F=MA. This is the force law, which tells us that force equals

mass times acceleration.
3. The rock has mass of 1 Ka.
4. The earth has a mass of 5.97219 x 1024 kilograms.

5. The rock was released within the gravitational field of the

earth.
6. No forces prevented the rock from falling to the earth.

7. The rock fell to the earth.
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Recall that deductive logic is part of every theory, every
explanatory framework. The first two claims in this explanation
are statements of law from Newtonian physics. The remaining
four are statements of fact. Taken together, these six claims
deductively entail the explanadum, that the rock fell to the
earth. This should illustrate how theories function as explanatory

frameworks.

One very useful thing Hempel’s account of explanation does is
alert us to the argument-like structure of developed
explanations. The basic idea here is that a complete explanation

should
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include all of the facts involved in making the fact to be
explained true. These will include both particular facts relevant
to the specific fact we want explained and general principles
(scientific laws in the case of scientific explanations) that belong
to a broader framework for explanation. A fully developed
explanation reveals a logical relationship between the fact we
want to explain, other relevant facts and connecting principles

like laws of nature.
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Hempel’s account of explanation faced a number of problems
that have helped to refine our understanding of scientific
explanation. We won’t address them here except to mention

one because it’s amusing. Consider this explanation:

1. Men who take birth control pills do not get pregnant.
2. Bruce is @ man and he takes birth control pills.

3. Bruce is not pregnant.

This seems to meet all of the positivist’s criteria for being an
explanation. But aside from being silly, it’s at least not a very
good explanation for why Bruce is not pregnant. Problem cases
like this suggest that purely formal accounts of explanation like
Hempel’s will fall short in sorting which facts are relevant in an

explanation.

There is also a more general lesson I’d like you to take from the
positivist’s account of explanation. For your entire career as a
student you’ve been asked to explain things, but odds are
nobody has ever really explained what it means to explain
something. Personally, | don’t think | had ever given a thought to
what an explanation was until | encountered the Deductive

Nomological account in a Philosophy of Science class. But now
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you’ve been introduced to a model of explanation. You may not
find it fully applicable to every academic situation you
encounter. But if you try to make use of it by thinking of
explanations as having a developed argument like structure, you

might find grades in many of your classes improving significantly.

We mentioned at the outset that Losgical Positivism was very
much influenced by Hume’s Empiricism. You will recall that
Hume argued for some surprising skeptical results. The Logical
Positivists adopted one of two strategies for dealing with this. On
some issues it was argued that Hume’s skeptical conclusions
were acceptable, while on others Hume’s skepticism was
regarded as a problem yet to be solved. As an example of the
first strategy, Bertrand Russell, though not a Logical Positivist
himself, wrote an influential paper in which he argued that
science can proceed as usual without any reference to the notion
of causation. Skepticism about necessary causal connections was
deemed not to be problematic. Skepticism about induction was
more difficult to accept. So the early 20th century saw a variety
of sometimes colorful but generally unsuccessful attempts to
resolve the problem of induction. And this brings us to Karl

Popper.



o d’" v a a o L
direydesiu ulalng wezanganes 9@sey1tos e daesiuaInul

atarmsuindnumnay  Sufisundehdefienansdaaindusslevd
un Wliualwdnussgn wisrudnisiteulunnaivignvesminis,
e tlufedes "nseSuny’ (Explanation) lumdivenmaniasu
tnAnvneadeluuniuin nate1asdddlisn "esuie. 9399
LAIFDIN1TRELS? ’?mi'm%maimﬂaﬁ%adﬂ Deductive
Nomological (D-N Model) w83 a15a wisila (Carl Hempel) 1n
USwerlunguuguilendamssneaiu

1. 1A59@519989N1585UNY: H1991N "A1SLALEY” pg1elswNLUauanIn
TunalaseEs1eamssng "n1sesune” AU "nstauds” (Argument) U
< % % A A IS (<] ! 1 & 1 (%
wileuiuleasu Aeliwninathlugunaiy uwigausvasmnaiu:nig
1auda (Argument): weneuigaditueege "ase" (dliwe ae
RO NANANI39L)N58TUNE (Explanation): wenenuuend1 "vinly"
AafneansuIneseguditiy  daduwuty  (157WeIua3e  wals
va A a A A Ay a n
sgnFnundluilunisesune 1T15ENEWIRBINTOT U
Explanandum wagisenyawmnneg/ngLnaaniliuneiuigdi Explanans
AU
2. feegna: vihluneuiudwmnasiiuzasgiiegienisesulewuy D-N
Model uzAU walauenitNsesueianeslseneuniy NOnNa
WEEns (Laws) way 91719939 (Facts)kng: 1$F = G \frac{M_1
M 2HrA2}$ (ngusaltiuansueeilafu)2ng: SF = ma$ (nQusaninu
1I8AUANULTNTDMIATS: Aouiiudula 1 Alansudewiasss: landluna



o d’" v a a o L
direydesiu ulalng wezanganes 9@sey1tos e daesiuaInul

UMANa (3$5.9 \times 107M{24}$ Alansu)ddaiianss: neuniugniaes
luflgedofionde  laifiuseduandy (1 AU UNEIY
(Explanandum): feufiudsmnasgilantndnuasdiuin fusding
LazdaIa939ATUaIY HATNSIIUATN "TudepumunsIng"
(Deductively Entail) lhistuognsmdnidedild Sfommsguves
"msosuneiauysal’ Afy

v 24

@ﬁ LELUALUUNIASU

v

3. qeeeumhdvesiunaiuilunaila

ee

919158908 N8NFIBYWAAARNTINANANILYR:NY: HYneAnuEN

Y
<

auninazlifnssidenanse  wevgnlugane  wazwIiue
auAnllaunasd:  weugrdadddenssdluniwssne nsesuied
n 2 QN Z PCAN n = s
gnAea” mung D-N nnusen1sasu wadudu "nsesuienug” insie
o a 1 dl £ % dl (4 (4
grAui e ldiifenteas (Imelevant) Aunisiiugelivies (w1livies
& v N o9 v & 1 a Aoy ad
sz ndugangl) Jgmidvinlis il nsesuieiinsesdlizeavas
"AafgITeATE g lldualassasamnensIneviny

4. uniEsuganudialunisiGounansdesnliiadnduetemilsady
naentinn1silutn@nY W%Liﬂgﬂé’ﬁﬁ "95U"Y" N1Raen wawyuladl
Tsuenaeinnisesuneiinnesslspdndu: MNUNANBITEUADY
foaoulasAninidase Tassasenstdude Afivie ngunausivhly
way  JaiaTiuamziEes Watvayuunasy  insevesinfnuily
Naee Snaziitusgiainnlaaendu



o d"l v a a o L
direydesiu ulalng wezanganes 9@sey1tos e daesiuaInul

5. finvmal: 91ngud A1sa Jauiues (Karl Poppenialaliuudlinngy
Positivists weneuuAtymussgLegdls:FouvauazNa: UIALUeN
aiuney  Inemansiunalaleslidesaula  "wadndu"  veq
wiaNa wARngTviungldfineisesniseyunu (Induction): HRetlywm
ngjfinguiinereuuiudlinesdnia uastdufogndl msa Jotives
wfdumfeusulofelmini AnenmanslildGuanniseusnu
uABINNINEN s BRgaTuRal

Snfnwasu.. dindnudesesuie hluSuifiedandnGey
ane” Tagld D-N Model (Fasiingily + Faifiaasaaniz) dnAnwiae
Milassadaussldipiimindianatu?  aesdsdmeudug  wlv
9197138uusuzlaUnl 19zldieuidndu anda Jeues ve
QL‘LJ%EJUIQNWE’]U’%JGMQ'FJ%EJ’]?HE{G]%@]J’JEJLLu’Jﬁﬂ "Falsification" ASU!

Karl Popper
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Karl Popper was a philosopher in Vienna during the reign of
Logical Positivism, but he was not himself a Positivist. Popper is

best known for his contributions to the problem of induction and
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the demarcation problem. In both cases his views were critical of

the Logical Positivists.
Conjecture and Refutation

As you will recall, Hume argues that inductive arcuments fail to
provide rational support for their conclusions. His reason for
taking induction to be irrational is that every inductive argument
assumes that unobserved events will follow the pattern of
observed events and this assumption cannot be supported either
deductively or inductively. No purely deductive support can be
given for this principle of induction because it is not a mere truth
of logic. And any inductive argument offered in support of the
inductive principle that unobserved cases will be like observed
cases will be circular because it will also employ the very

principle of induction it tries to support as a premise.

Popper accepted Hume’s conclusion that inductive inference is
not rationally justifiable. He takes the problem of induction to
have no adequate solution. But he rejects the further conclusion
that science therefore yields no knowledge of the nature of the
world. With Hume, Popper holds that no number of cases offered
as confirmation of a scientific hypothesis yields knowledge of the

truth of that hypothesis. But just one observation that disagrees
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with a hypothesis can refute that hypothesis. So while empirical
inquiry cannot provide knowledge of the truth of hypotheses
through induction, it can provide knowledge of the falsity of

hypotheses through deduction.

In place of induction, Popper offers the method of conjecture
and refutation. Scientific hypotheses are offered as bold
conjectures (guesses) about the nature of the world. In testing
these conjectures through empirical experiment, we cannot give
positive inductive reasons for thinking that they are true. But we
can give reasons for thinking they are false. To see how this works,
let’s look at the pattern of reasoning employed in testing a
scientific hypothesis using induction on the one hand, and
Popper’s deductive method of conjecture and refutation on the
other. First, in designing an experiment, we determine what we
should expect to observe if the hypothesis is true. Using
induction, if our observation agrees with our expectation, we take
the hypothesis to be inductively confirmed. The pattern of

reasoning looks like this:
1. If H, then O

2.0
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3. Therefore, H

This pattern of reasoning is not deductively valid (¢enerate a
counterexample to see for yourself), and as an inductive
argument it faces the problem of induction. So this pattern of
reasoning fails to provide us with rational grounds for accepting
H as true. But suppose that when we carry out our experiment,
we observe “not O.” In this case our pattern of reasoning looks
like this:

1. If H, then O

87

2. not O

3. Therefore, not H

This pattern of reasoning is deductively valid. To see this try to
suppose that the premises are true and the conclusion is false. If
the conclusion were false, then ‘H’ would be true. And, given
this and the truth of the first premise, ‘O” would follow. But ‘O’
contradicts ‘not O” which is asserted by the second premise. So
it is not possible for the premises to be true and the conclusion
false. In other words, the pattern of reasoning here is deductively

valid.
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The latter is the pattern of reasoning used in the method of
conjecture and refutation. It is a deductively valid pattern that
makes no use of inductive confirmation. It should now be clear
how Popper’s method of conjecture and refutation works and
how empirical inquiry making use of this method can provide us
with knowledge of the world (or rather, how the world isn’t)

while avoiding the problem of induction.

According to Popper, there is no rational methodology or logic
for evaluating how scientists come up with hypotheses. They are
just conjectures and no amount of evidence is capable of
inductively confirming hypotheses in the sense of giving us
positive reason for thinking our hypotheses are true. Evidence in
agreement with a hypothesis never provides it with inductive
confirmation. If all the evidence is in agreement with a
hypothesis, we can say that it is “corroborated.” To say that a
hypothesis is corroborated is just to say that it has survived our
best attempts at refutation. But contrary evidence can decisively

refute hypotheses.
Demarcation through Falsifiability

The demarcation problem is the problem of distinguishing

science from other things, from poetry to religion to obscure
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metaphysics. Popper offers an alternative to the Positivist’s
verificationist theory of meaning in addressing this problem. The
Positivist’s solution to the demarcation problem had the
downside of denying that we can assert as true that it is wrong
to torture innocent babies just for fun. Popper’s view of the

matter avoids this unsavory consequence.

Popper’s method of conjecture and refutation suggests his
criterion for distinguishing science from non-science. For it to be
possible to refute a hypothesis requires that there be possible
observations that would give us grounds for rejecting the
hypothesis. We can only scientifically investigate hypotheses that
take observational risks, those that are exposed to the possibility
of being shown false through observation. That is, we can take a
hypothesis to be scientific if and only if it is falsifiable. For a
hypothesis to be falsifiable we must be able to specify possible
observational conditions that would be grounds for rejecting the
hypothesis as false. But this does not mean that that it will be
proven false or that it can be shown to be false (either of these
confusions would lead to the absurd view that a claim is only
scientific if it is false). Let’s look at some examples to make this

clear.
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Consider the hypothesis that all crows are black. We can specify
observable conditions under which we would count this as false.

Namely, seeing a white crow, or a green one. Being able to
88

specify the observational conditions under which we would
reject this hypothesis doesn’t mean that it false. Suppose the
hypothesis is true. It is still a claim that takes risks in the face of
observation because we know that some possible observations
would refute it. So the hypothesis that all crows are black is
falsifiable.

Now consider claims made by astrology. These are typically
formulated in such a vague way that any eventuality could be
interpreted as affirming the astrologer’s predictions. If there are
no possible observations that could refute astrology, then it is
not scientific. Some astrologers might make specific and concrete
predictions. These might get to claim that they are being scientific
on Popper’s view, but to the degree that astrologers do take risks
of being refuted by observation, they have been refuted too

often.
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Political ideologies often fail to pass the falsifiability test. Popper
was especially critical of Marxism which was very popular with
the Viennese intellectuals he knew in his youth. Marxists seemed
to have an explanation for everything. The inevitability of Marxist
revolution was illustrated by its rising popularity in much of
Europe. But if Americans, for instance, were not rebelling against
their capitalist oppressors it was only because they had yet to
see how alienating capitalism is. The conditions for revolution
just weren’t yet ripe. But they will be, says the confident Marxist.
Popper’s key insight was that a theory that can explain everything
that might happen doesn’t really explain anything. It is empty.

Today, Popper might make the same criticism of very different
political ideologies. If free markets don’t fix every problem, the
libertarian can always complain that this is only because they
have not been allowed to function freely enough. If government
doesn’t fix every problem, the big scovernment liberal can always
complain that big government hasn’t been empowered enough
(when we get around to political philosophy we will find reason
to doubt that there are very many liberals that really fit this
stereotype). Extreme views are only made plausible to their fans

by elaborate schemes of excuses for why they don’t work out as
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well as they should. Popper would say that in politics as in
science, we need to try things where we can honestly examine
the consequences and hold ourselves accountable when they

don’t go well by trying something else.
Auxiliary Hypotheses

Here we will describe an objection to Popper’s method of
conjecture and refutation that will set the stage for introducing
the views of Thomas Kuhn. According to Popper, we make
progress in science by refuting false conjectures. We never have
inductive grounds for holding that proposed scientific hypotheses
and explanations are true, but we can narrow in on the truth by
eliminating the falsehoods. Our hypotheses lead us to expect
certain observations. If we do not observe what we expect to
observe, then we have non-inductive grounds for rejecting our
hypothesis. Again, the pattern of reasoning followed in
eliminating false hypotheses through scientific inquiry looks like

this:
1. If H, then O
89

2. Not O
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3. Therefore, not H

This is the deductively valid pattern of reasoning known as
modus tollens. However, we rarely get to test hypotheses in
isolation. Typically, our expectation of a given observation is
based on the hypothesis we are interested in testing in
conjunction with any number of background assumptions. These
background assumptions are the auxiliary hypotheses. If we take
into account the auxiliary hypotheses, the pattern of reasoning
used in Popper’s method of conjecture and refutation looks like

this:

1. If H and AH, then O
2. Not O

3. Therefore, not H

But this argument pattern is not valid. The observation (not O)
might indicate the falsity of one of the auxiliary hypotheses (AH)
rather than the falsity of (H), the hypothesis we set out to test.
What this tells us is that the implications of other than expected
observations are always ambiguous. When our observations
don’t accord with our expectations it tells us that at least one of

the assumptions or hypotheses that lead us to expect a given
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observation is false. It may be the hypothesis we set out to test,
or it may be one of our auxiliary hypotheses. But unexpected

observations don’t tell us which is false.

Here’s a nice example of auxiliary hypotheses at work in
everyday reasoning. Our hypothesis is that Hare is faster than
Tortoise. This hypothesis leads us to expect that Hare will win a
race against Tortoise. But suppose that, contrary to our
expectation, we observe Tortoise winning the race. The
hypothesis that Hare is faster than Tortoise is not thereby falsified
because of the presence of a number of auxiliary hypotheses.
Among these auxiliary hypotheses are the following: (i) Hare did
not stop in the middle of the race for a snack, (ii) Hare did not
get run over while crossing the road, (i) Hare did not get eaten
by Coyote during the race, (iv) Hare did not get entangled in a
philosophical discussion about the rationality of scientific
methods with his friend Gopher before crossing the finish line.
When Tortoise crosses the finish line first, that tells us that either
Tortoise is faster than Hare or one of these or many other
auxiliary hypotheses is false. But Tortoise winning doesn’t tell us
which. The unexpected observation thus fails to cleanly refute

our hypothesis.
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Thomas Kuhn

The Positivists and Karl Popper offer attempts to describe and
develop rational methods for scientific inquiry. In so doing, they
offer normative theories of scientific practice. That is, they offer

views about how scientific inquiry should proceed and what
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counts as good scientific practice. Kuhn’s philosophy of science
is inspired by the history of science and seeks to describe how
science actually develops. Kuhn’s undertaking is not aimed at

revealing universal norms of
90

rational scientific practice. But his views have been taken by
some to imply that the development of science is not guided by
general norms of rationality, at least at crucial revolutionary

periods of theory change.

Kuhn describes three stages in the development of a science.
The first stage is called “pre-paradigm science.” In pre-paradigm
science, people seeking to understand an observed
phenomenon share no common stock of background theory.
Each inquirer essentially starts from scratch. Under these
circumstances, very little progress is made. We have nothing
resembling a tradition that can be passed from one person on to
her students for further development and investigation. The
various theories of the nature of the world proposed by pre-
Socratic philosophers might be considered an example of pre-

paradigm physics.
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At some point, someone develops an account of the observed
phenomenon that has enough substance and explanatory power
to attract the attention of a community of individuals who will
then carry on inquiry along the proposed lines. This marks the
beginnings of normal science. Kuhn calls the sort of account of
the observed phenomenon that is required for this to happen a

paradigm.
A paradigm consists of the following four things:

1. A body of theory including laws: For instance, the basic laws

of motion.

2. Background metaphysical assumptions: For instance, that there
is an external world and that our senses provide a reasonably
reliable guide to its nature, that we share common objects of

perception, etc.

3. Values: Here we have in mind primarily epistemological values
including norms of rationality. The idea here is that a paradigm
tells you what counts as a phenomenon that requires
explanation and provides a standard for what counts as an

adequate explanation of that phenomenon.
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4. Exemplars: These are textbook applications of the theory to
the phenomenon it is intended to explain. Classical physics is
taught through exemplars that include applying Newton’s laws

to swinging pendulums and forces exerted on springs.

Normal science, the second of Kuhn’s three stages, is carried out
within a paradigm. Working within a paradigm, the scientist
normally accepts the core elements of the paradigm as dogma.
The scientist’s job in the stage of normal science is to work out
the details of the paradigm without calling into question the
central laws of the paradigm, or the epistemic standards it
presupposes. In the normal stage, we can think of science as
puzzle solving. Investigators are not advancing bold new theories,
but applying the accepted theoretical framework in new and
novel sorts of cases. During normal science, a paradigm gets

worked out in detail.

In the course of normal science, problems that resist resolution
with the paradigm often arise. If these “recalcitrant” problems
remain long enough, they become what Kuhn calls anomalies.
As the details of a paradigm get worked out, the anomalies

become harder and harder to ignore.
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Researchers in need of projects may focus more and more
scrutiny on the remaining anomalies. Continued and intensified
but unsuccessful attempts to resolve anomalies can give rise to
a crisis in normal science. Such a crisis makes it possible to call
into question core elements of the paradigm that had been

previously held dogmatically.

Persistent anomalies in a science can provoke a crisis in which
the paradigm itself is called into question. In this atmosphere, it
is possible for scientists to propose and win wide acceptance for
significant changes in the theoretical framework. Until persistent
anomalies provide a crisis, however, the social conditions aren’t
ripe for revolution. Even if someone had great revolutionary
ideas, they simply won’t get a hearing with the community since
it is committed to working out the details of the standing
paradigm. Revolutions in thinking can’t happen until the
community is convinced that the old paradigm is irrevocably
broken. When this does happen and an appropriate alternative
to the old paradigm is developed and proposed, then and only
then can what Kuhn calls a scientific revolution happen. In a
scientific revolution, the scientific community abandons one

paradigm in favor of another.
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Once a new paradigm takes hold in the scientific community,
normal science is resumed, the details of the new paradigm begin
to get worked out and normal science continues until a new

batch of anomalies emerges and provokes the next crisis.

A key insight of Kuhn’s is that science is a community effort. We
often hold a “great genius” vision of the history of science where
the fabulous insights of very special individuals are what drive
science forward. Kuhn would say this is a distorted picture. The
great geniuses like Newton or Einstein can only launch a
revolution in scientific thinking when a broader community of
inquirers have prepared the field and created the conditions for
the germination of the seeds of a revolution in thinking. The
history of science needs to be understood in terms how these
broader communities progress to the point where revolutionary
thinking is called for and can be fruitful. The great insights and

discoveries never happen in a social vacuum.

Kuhn thinks that the paradigm shift that occurs in the course of
a scientific revolution is comparable to a gestalt switch as in the

duck/rabbit image below.
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Seeing this image as a duck blocks out seeing it as a rabbit.
Something similar happens in the case of a paradigm shift. In a

paradigm shift one drops one conceptual framework in favor of
92

another. When we grasp and evaluate the claims made in normal
science, we do so in the context of acceptance of a paradigm.
Kuhn suggests that the very meaning of the claims made in
paradigm-based normal science can only be comprehended
relative to the conceptual framework of that paradigm. A result
of this is that from the perspective on one paradigm, we are
never really in a position to evaluate the claims of normal
science under a different paradigm. In this sense, paradigms are
said to be incommensurable (lacking any common measure or

independent standard of comparison).

It is tempting to see the cycle of normal science and
revolutionary science as a Popper style process of conjecture and
refutation at the level of paradigms. However, Kuhn maintains
that paradigms are never exactly refuted by intractable
anomalies. Rather, when the scientific community enters a period
of crisis and an attractive alternative to the old paradigm

emerges, the community gives up on the old paradigm and
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adopts the new one. Paradigms are not so much refuted as
abandoned. This raises serious questions about whether
paradigm shifts in scientific revolutions can be understood as
rational processes. They would seem not to be if we think of
human rational processes as in some way rule driven like logical
rules of inference. But we might instead take Kuhn be revealing

a richer view of human rationality.

On Kuhn’s view, the methods and standards of science get
articulated and refined through periods of normal science and
are liable to undergo bigger shifts in periods of scientific
revolution. What counts as good scientific inquiry and
investigation cannot be specified independent of its history. We
fisure out what works as we encounter new challenges. The
history of science reveals the practice of science to be dynamic
and adaptive. Creativity and resourcefulness go into the hard-

earned advances in our understanding of the world.

The broader moral of this story is that we should be highly
suspicious of any attempt to boil the methods of science down
to any specific series of steps. Rather, a good understanding of
the many methods of science can only be had through a study

of its history, its successes, and its failures. And even at this, our
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appreciation of the methods of science must remain open
ended. The story of science is far from finished, and so our

understanding of its methods is likewise incomplete.
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Review and Discussion Questions

1. How does the development of more powerful symbolic
systems of logic boost Empiricism at the beginning of the 20th

century?

2. Explain how the Logical Positivists extend Empiricism to the

theory of meaninsg.

3. How is the verificationist theory of meaning used to address

the demarcation problem?
4. What is a theory according to the Positivists?

5. Explain what’s wrong with the view that theories are just very

well supported hypotheses that are still not so certain.

6. What does it mean to regard a theory as an explanatory

framework?
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7. How do the Logical Positivists understand explanation?
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8. How would Popper resolve (not solve) the problem of

induction?
9. How does Popper address the demarcation problem?

10. Explain how auxiliary hypotheses challenge Popper’s method

of conjecture and refutation.

11. Explain pre-paradism science. Why is little lasting progress

made at this stace of science?

12. What is a paradigm?

13. How does normal science under a paradigm proceed?
14. What is an anomaly?

15. What conditions are necessary for a scientific revolution?

16. What does it mean to speak of competing paradigms as

incommensurable?
17. How are the methods of science sensitive to its history?
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