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Chapter 0

Does science need philosophy?
In this lesson, we ask a number of “what-is-x questions” about science, philosophy, and
the philosophy of science. Finally, we consider why the philosophy of science is worth
studying by considering the objection that the philosophy of science has no relevance to
science.

0.1

What is Philosophy?

We will take a philosophical approach to science. In order to do this, we’ll need a clearer
sense of what philosophy is. Let’s begin with a provisional definition.
Discussion 1 Consider the following questions in a group. What is your experience with philosophy? Have you taken any previous courses? Is your view positive or
negative?
Definition – Philosophy
Philosophy is a positive and critical science that draws upon both common experience and the results of science in order to make claims of a highly general and
fundamental nature. In so doing, its principal aim is to better understand the
world, its members, and their relations.
Let’s consider the parts of this definition.
First, calling philosophy a “science” refers to the attitude of individuals engaged in
philosophical study. This attitude is that of an individual who aims to find out the truth
of something or who is willing to learn. Such an attitude is contrasted with that of
hoaxers, charlatans, con-artists, and similar folk who are more interested in pretending
that they know (when they don’t and know that they don’t). In addition, such an attitude
is contrasted against individuals who aren’t actively trying to find out the answer to a
given question. Individuals who might be cock-sure, overly confidant, indifferent, or lack
an openness to investigate would not qualify as having a scientific attitude in the sense
used above.
Second, calling philosophy a “positive science” contrasts it with both mathematics and
fiction.
• although mathematics is a science, it studies hypothetical entities (e.g. circles)
that do not exist in the world. Philosophy, on the other hand, is about the real,
lived-in world.
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• although some fiction relies on historical events or tries to say things about the
world we live in, not all fiction aims to describe the world that we live in.
Third, in calling philosophy a critical science consider that in our day to day life there
are a number of beliefs that we accept at face value. Philosophy does not encourage
you to abandon any of these beliefs, it rather asks you to subject these beliefs to a
kind of rational scrutiny. Philosopher Thomas Nagel says that we do this by “asking
questions, arguing, trying out ideas and thinking of possible arguments against them,
and wondering how our concepts really work.” (Nagel, What Does It All Mean?, p.4).
One way of putting what Nagel is saying is that philosophy aims to do one of two
things. First, it aims to offer our face-value beliefs a kind of rational support when no
such supported previously existed. Second, if no such support can be found, it aims to
substitute our face-value beliefs with rationally-supported alternatives.
Fourth, in saying that philosophy relies upon “common experience” contrasts it with the
methods and types of observations used in empirical (laboratory) science and religion.
• it is not a laboratory science like physics, biology, chemistry as it does not make use
of special observations that can only be made with with special tools (e.g. electron
microscope). The primary data upon which it relies are experiences available to us
all as humans in the world.
• it is not religion in that it does not depend upon supernatural experiences (e.g.
witnessing a miracle) but instead appeals to experiences that we all have access to.
Fifth, saying that philosophers aim to make claims of a “highly general and fundamental
nature” refers to the fact that the discipline is concerned with very basic and foundational
concepts. One way of characterizing this is to say that philosophy is concerned with
the big questions and big ideas. In other words, insofar as philosophy pertains to
human beings, it only does so indirectly insofar as it is a discipline of a highly general
nature. In this respect, philosophy is not:
• Sociology or Anthropology as it does not study one particular society or group of
people, but asks questions about society or people as a whole, e.g. what does it
mean to be human? what does it mean to live in a civil society?
• concerned with the questions that single individuals have about life or the world or
with the experience of isolated individuals. It instead poses questions that we all
have as human beings and addresses experiences that are common to us all.
Informed by the Sciences
Positive & Critical Science
Philosophy
Relies on Common Experience
Concerned with “Big Ideas”
Finally, in saying that the “principal aim [of philosophy] is to better understand the world,
its members, and their relations” we point to some of the key subjects of philosophy.
Consider that we all have the following:
1. beliefs about the world: general beliefs about the world as a whole, e.g. what types
of things exist in it and how those things interact,
2. beliefs about knowledge: a tacit (unspoken) set of conditions that beliefs must
meet in order to count as knowing something,
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3. beliefs about morals: a set of beliefs about what is right and wrong (or at least the
view that there is no such thing as right or wrong).
Many of these beliefs lack explicit rational support. The concepts which we use to
articulate these beliefs go unclarified. The beliefs that we think are justified remain
uncriticized and untested.
When we philosophize, what we do is scrutinize our beliefs by trying to clarify certain key
concepts, justify our beliefs with evidence (common experience), and criticize alternative
views that might conflict with our own. The sum total of our clarifications, arguments,
objections, and responses to criticisms produce the following:
metaphysics: the philosophical study of the nature of reality (a rational investigation into beliefs about the nature of the world and its members).
epistemology: the philosophical study of the nature of knowledge (a rational
investigation into beliefs about the nature of knowledge, a kind of relation to
things in the world ).
ethics: the philosophical study of the nature of right and wrong (a rational
investigation into beliefs about right and wrong a kind of relation to things in the
world ).
Thus, in short, “philosophy” is a discipline that aims to be a positive, general, and critical
science of common experience that is deeply concerned with all of the following (and
more):
1. with making positive (true or false) claims about the world.
2. with a certain aspect of reality that is of a fundamental (or highly general) nature
3. with making claims that are rooted in our common experience (even though it may
rely upon the special results of the sciences), and
4. with scrutinizing our face-value beliefs by providing rational support by way of
arguments for them (when there did not exist any previously) or encouraging us to
abandon these beliefs for some alternative.

0.2

What is Science?

People use the term “science” in several different ways.
Science: not a mere collection of facts but a systematically organized body of
knowledge
Science: the systematic study of the structure and behavior of the physical world
through observation and experiment
Science: the effort or desire to understand how the physical world works using
observable evidence as the basis of that understanding
While the question of the definition of science and how it is different from non-science
and pseudoscience will be a central theme in the course, there are a number of key themes
shared across the three definitions above:
1. science concerns the physical (or natural) world and not the supernatural world or
a spiritual world
2. science has an intimate relationship with justified knowledge and the truth
3. observation, experiment, and method are important to science
Discussion 1 Consider the following questions in a group. How do you understand science? What are its key features? What are its goals? What is the status of its
findings? Are there any problems or shortcomings to science?
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0.3

What is the Philosophy of Science?

One of the central goals of a philosophy of science is to be able to say some general
things about science. That is, a philosophy of science aims to answer at least some of
the following questions:
1. What is and is not science
2. How hypotheses are generated (whether or not there is a rational method to
hypothesis generation)
3. How claims in science are justified
4. Under what general conditions a theory should be rejected
5. When a scientific hypotheses is supported (or confirmed)
6. What theoretical terms in science mean, and
7. How scientific explanations yield understanding
8. Whether science progresses
9. What the epistemic status of a scientific theory is (certain, tentative)
10. What whether science describes the world as it is or is merely a useful way of
making predictions

0.4

Objections to Philosophy in Science

Objection 1. Science does not need philosophy: It is fine on its own.
With philosophy and science given some sketchy definitions, let’s the question: does
science need philosophy? Some scientists think that philosophy is of no use to science.
Consider the following representative remark:
How can we understand the world in which we find ourselves? How does the universe
behave? What is the nature of reality?. . . .Traditionally these are questions for
philosophy, but philosophy is dead. Philosophy has not kept up with modern
developments in science, particularly physics. Scientists have become the bearers
of the torch of discovery in our quest for knowledge.
—- Stephen Hawking and Leonard Mlodinow in The Grand Design
Response 1. Science involves ethical issues
Let’s consider the objection that philosophy plays no role at all in science because every
problem that philosophy purports to solve can be better solved by science itself. One
problem with this concerns ethical issues that have to do with scientific practice. The
philosopher, for example, might contend that science may be able to tell us how the
world is, but can it does not even pretend to give an instructive answer into what we
ought to do.
We might consider a variety of ways where scientific practice is constrained or guided by
considerations of what ought and ought not be done.
1. dangerous scientific experiments, e.g. nuclear weapon testing
2. inhuman medical treatments or experiments, e.g. testing drugs on unwilling subjects
3. less-than-scientific activities, e.g. coercing a grant-giving agency not to give a grant
to a competing scientist
Let’s consider one example in a bit more detail. Namely, let’s consider an issue concerning
having to do with environmental safety and whether there is an answer to how safe a
technology must be in order to be built and used. Let’s imagine we are examining the
blueprints for a nuclear reactor that will sit somewhere near Harrisburg, Pennsylvania.

0.4 Objections to Philosophy in Science

5

We, of course, want the reactor to be safe, but also don’t wish to increase the expense
of the construction of the reactor by requiring unnecessary safety systems. More safety
systems requires more tax dollars, and more tax dollars diverted toward safety systems
means less cash in our pockets, for social programs, infrastructure, and homeland security.
safety cost

safety cost
Figure 1. Effect on Cost when Increasing Safety

Nuclear reactors have what are called “containment systems.” The containment system
refers to various mechanisms employed to protect the outside world from the nuclear
reaction occurring in the reactor vessel.1 Part of the containment system involves a large
concrete shell that covers the reactor vessel. Let’s call this the “containment building”.

Figure 2. NRC Generic drawing of Containment Building and Basic Internals. Public Domain.

Containment systems increase the overall safety of the reactor. For example, on March
28, 1979, the Unit 2 nuclear reactor at Three Mile Island (TMI) near Harrisburg, PA
suffered a partial meltdown. The TMI reactor had a containment building and if the
accident that happened at TMI happened in a reactor that did not have a containment
building, the personnel operating the reactor would have been killed and those in the
surrounding area would have been exposed to large amounts of radiation.
So, in staring at blueprints for a nuclear reactor, there is a question before us: should we
require reactors to have a containment building?
Scientists and engineers may be able to tell us the likelihood that an nuclear accident
will occur (e.g. 1 in 100,000), and may be able to tell us what kinds of health and
environmental damage will occur were a reactor to meltdown without a containment
building, and so they may be able to tell us how much we decrease the environmental
and health risks by installing a containment building, but can they answer whether we
should or should not require reactors to have containment buildings?
1

For more on containment systems, see the Containment Systems in a Nuclear Reactor.
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Of course, they could offer their opinion on whether building one would be a good idea,
but the grounds on which they say we either should or shouldn’t build a building seems
as though it would extend beyond their scientific expertise. It extends beyond their
expertise because they are making a statement concerning values. Do we value increased
safety and protection to the environment or is cheap energy, low taxes, and more social
programs, infrastructure, homeland security more important to us?2

security

freedom

Let’s consider this example one step further. Suppose you think that if a nuclear reactor
is to be built, then it ought to be built with a containment building. This is obvious
to you, obvious to the engineer who designed the reactor, and obvious to the people
living around the reactor. But how safe is safe enough? A containment building does
not eliminate environmental and health risks, it only reduces it. So, another decision
presents itself. The containment building is essentially a casing for the reactor vessel, so
how strong do you create your containment building? There are, of course, recommended
design specifications but you could choose to ignore these specifications and make the
unit weaker than recommended (and save money) or stronger than recommended (and
increase safety)? Should you build it strong enough to withstand the impact of an
airplane crash or is this an unnecessary precaution?
Again, engineers and nuclear physicists may be able to tell you how much additional
safety you gain by strengthening the containment building but they cannot tell you
whether you should increase or decrease the strength of the unit. This is a question
of values and public policy, viz., do we value added security reaped by a strengthened
containment building or cheap electricity?
So, the argument then is that we think that something other than empirical science
(chemists, physicists, engineers, et alia) should determine how safe is safe enough and,
more broadly, questions about values. That is, science cannot tells us what we ought to
do.
• clarifying key terms that are important in interpreting science as a whole or as it
is practiced, e.g. science, truth, knowledge, theory, hypothesis
In sum, while there are many questions about science that are rightfully answered
by scientists, there seem to be a certain category of questions that are best answered
by something other than empirical. At least at first glance, it appears that taking a
philosophical approach to such issues might provide answers.
Response 2. Philosophy is helpful for interpreting what science means for
our lives.
A related response is that philosophy can help individuals understand what results in
science mean for the lives of human beings. ?, pp.xi-xv argues that the philosophy
of science in particular can be of aid to individuals who are neither scientists nor
philosophers. Staley contends that knowing about the philosophy of science will help
you practically insofar as you can critically analyze “scientific testimony”. For example,
suppose a scientific expert testifies to P. Knowing about the nature and limits of science
will better help you evaluate whether the expert should be believed.
2 Analogously, a doctor who is knowledgeable about the relationship between cigarette smoking and
lung cancer can speak authoritatively about the likelihood of getting lung cancer if we continue to smoke.
But, a doctor cannot, as a doctor, tell us that we shouldn’t smoke (or that it would be wrong to smoke).
Typically, with respect to questions of personal health, we think that this is for the individual to decide
(although this isn’t altogether uncontroversial).
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1. A pharmaceutical company may claim that pill X makes you “happier” or “smarter”
but your decision to take pill X will largely depend upon what “happier” or “smarter”
means.
2. Your physician may tell you not to smoke, but the scope of his/her expertise only
extends to the fact that smoking causes health issues and not to how you ought to
live your life.
3. The God gene hypothesis is a hypothesis that contends that a specific gene (VMAT2)
inclines human beings toward belief in God (spiritual experiences). How ought we
to interpret this scientific discovery? One might contend that the existence of this
gene proves that God does not exist for it shows that belief in God is determined
by the VMAT2 gene. But this is to misinterpret what the discovery of the VMAT2
gene shows.
Objection 2. Science does not need philosophy: Tradition. The questions that
philosophers claim they are particularly well-suited to answer can be equally (or better)
answered by appealing to tradition. That is, scientists can still argue that science does
not need philosophy, but it does need some ethical values that are supplied by tradition
(see Table 1).
P1
C

The best way to solve a question of value is to do
what we have always done.
Therefore, we should let tradition (not philosophy)
guide our behavior with respect to any ethical issues
that involve science.
Table 1. A Simple Argument from Tradition

There are two problems with the above argument.
Response 3. P1 is false. The way we currently do things (the traditional approach)
is not an infallible guide to how we ought to do things. There are a number of practices
that we have previously engaged in that were incorrect (e.g. slavery) and there are
practices that we currently engage in that do not seem optimal.
Response 4. The conclusion does not follow from the premises. Even if we
assume that the premise (P1) is true, the argument assumes that because we have done
something one way for a particular length of time, that way of doing things will continue
to be successful in the future. The conclusion does not follow because P may be a new
problem requiring a new approach (e.g. what is the best way to handle global warming
brought on by the development of new technologies?)
But, none of this is to say that tradition is meaningless or shouldn’t guide our approach
to environmental issues. However, arguing that in such and such case we should behave
in a way similar to earlier generations requires an argument. And, in appealing to
arguments involving reasons to support our view, we find ourselves philosophizing once
again.
Objection 3. Science does not need philosophy: Democracy
Another response is to say that science can proceed independent of philosophy because
any issue that cannot be handled by science should be handled by some kind of democratic
procedure or majority decision. Consider the argument in Table 2.
There are a couple problems with substituting majority rule for philosophy. First, there
are at least two philosophical difficulties in deciding what percentage of the population
constitutes a majority.
Response 5. By “majority”, do we mean 51 percent or some other percentage, e.g.
two-thirds. In addition, who counts in determining the “majority”? Is it all citizens
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P1
C

The best way to solve any non-scientific problem P is to let the majority rule.
Therefore, we should let majority rule (not
philosophy) guide our behavior with respect to
P.
Table 2. A Simple Argument from Politics

of a certain country or all human beings regardless of citizenship? Is it all individuals
over 18 years of age, or 16 years of age, or 21 years of age? Is it all individuals that
are somewhat well-informed about the environmental issue at hand or any individual
regardless of whether they know anything about the environmental issue at hand?
Response 6. Even if we were to settle certain philosophical issues concerning what
constitutes a “majority”, the process by which we decide might be guided by a significant
amount of philosophizing. Presumably, in deciding what to do about a particular
environmental issue, we won’t simply take the knee-jerk reactions of everyone in the
majority. Instead, there will likely be a significant amount of deliberation, discussion,
and argumentation before a vote is called. In other words, the majority decision will
likely be guided by a fair amount of philosophizing, e.g. exploring different alternatives,
raising and criticizing arguments, and analyzing different key concepts.
In sum, it appears that there are some weighty considerations against simply saying
that science can proceed independent of philosophy. That is, it doesn’t appear science
can operate in a vacuum or substitute tradition or some kind of political procedure.
And, even if we think there is something valuable in our traditional way of solving
environmental issues, or a distinctively religious approach, or in the political process, all
three will involve a fair amount of philosophizing.
Objection 4. Philosophy may provide instruction about values, but philosophy of science is of no use to practicing scientists.
This objection is often cited by scientists who reflect upon the role that philosophy of
science plays in the practice of science.
“Philosophy of science is about as useful to scientists as ornithology is to birds.”
– Attributed to physicist Richard Feynman
In an interview by Ross Andersen, theoretical physicist Lawrence Krauss was asked
about the relationship between philosophy and science, he remarked:
Philosophy is a field that, unfortunately, reminds me of that old Woody Allen joke,
"those that can’t do, teach, and those that can’t teach, teach gym." And the worst
part of philosophy is the philosophy of science; the only people, as far as I can
tell, that read work by philosophers of science are other philosophers of science.
It has no impact on physics what so ever, and I doubt that other philosophers
read it because it’s fairly technical. And so it’s really hard to understand what
justifies it. And so I’d say that this tension occurs because people in philosophy feel
threatened, and they have every right to feel threatened, because science progresses
and philosophy doesn’t.
– Ross Andersen, “Has Physics Made Philosophy and Religion Obsolete?” The
Atlantic, April 23, 2012.
After receiving some criticism for this off-the-cuff remark, Krauss would later clarify
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that while philosophers reflections on human experience is interesting, he found that it
was philosophy (including philosophy of science) was not useful to him as a practicing
scientist:
As a practicing physicist however, the situation is somewhat different. There, I,
and most of the colleagues with whom I have discussed this matter, have found
that philosophical speculations about physics and the nature of science are not
particularly useful, and have had little or no impact upon progress in my field.
– Lawrence Krauss, “The Consolation of Philosophy”, Scientific American, April 27,
2012.
Response 7. Just because you don’t see its role, doesn’t mean it isn’t there.
Many of the above remarks don’t elaborate as to why philosophical considerations don’t
play a role in scientific activity. The argument above seems to be “I don’t see how
philosophy is relevant to science, therefore it isn’t.” This type of reasoning is fallacious
as it reasons from the ignorance about a certain matter to the truth of some proposition.
It is similar to reasoning as follows:
P1
C

I have no knowledge that my wife is cheating on me.
Therefore, she isn’t.

What is problematic about this argument is that it requires the additional premise that
“if my wife is cheating on me, then I would have knowledge of it”. Thus, the above
argument can be fully constructed as follows:
P1
P2
C

I have no knowledge that my wife is cheating on me.
If my wife is cheating on me, then I would have knowledge of it.
Therefore, she isn’t.

When applied to the objection raised by scientists that philosophy has no role in the
practice of science, their objection can now be restated as follows:
P1
P2
C

I have no knowledge that philosophy plays a role in my activity as a
scientist.
If philosophy did play a role in science, then I would have knowledge
of it.
Therefore, philosophy plays no role in science.

The problem with the above argument is P2. The arguments put forward above are by
scientists, not philosophers, and so we might be suspicious as to whether they know how
philosophy plays a role in their behavior as scientists.
Response 8. Philosophy is unavoidable A classic response to this objection is
that philosophizing is avoidable (when scientists do science they rely upon philosophical
assumptions about science). The argument goes something like this:
P1
P2
C

If one says philosophy is relevant, then they are putting forward a
philosophical view on philosophy.
If one says that philosophy is not relevant, then they are putting forward
a philosophical view on philosophy.
Therefore, no matter what stance you have about philosophy, you are
philosophizing.

In other words, anyone who might reject this view by contending that science proceeds
empty of philosophical commitments, would themselves be committed to a philosophical
position. That is, in saying that science is free of philosophical commitments, one is
taking a philosophical position about science.
Discussion 1 Consider the following questions in a group. Does philosophy
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matter to science? If so, in what ways? In what ways does it not matter?

Chapter 1

Is science based on observation?
1.1

Science and observation

Let’s suppose that science is based on observation. That is, suppose that scientific knowledge is based on an unprejudiced derivation of knowledge and theory from information
given directly to the senses (facts). This information (“the facts”) is:
1. directly given via the senses (sight, touch, taste, etc.)
2. temporally prior to and do not depend upon theory and do not depend (in any
way) upon bias, prejudice, desires
3. passively received
4. the foundation for scientific theory: scientific theories and knowledge are built on
the basis of these facts.
In saying that facts are given directly via the senses, what is being said is that indisputable
information about the world can be gathered simply by recording what is given to us
by our senses. We have direct access to singular bits of information through our five
senses. One common view of science then is scientists have sensory experiences and
create scientific theories out of these experiences. Sensory experience (ideas) are thought
to be the origin and/or foundation of all knowledge. This view might be called “naive
empiricism”:
Definition – naive empiricism
Empiricism is the view that all of our knowledge is based on experience.

John Locke, An Essay Concerning Human Understanding, Bk II, Ch I,
§1-2
Every man being conscious to himself, that he thinks, and that which his mind is
employed about while thinking, being the ideas, that are there, ’tis past doubt,
that men have in their minds several ideas, such as are those express by the
words, whiteness, hardness, sweetness, thinking, motion, man, elephant, army,
drunkenness, and others: it is in the first place then to be enquired, how he comes
by them? I know it is a received doctrine, that men have native ideas, and original
characters stamped upon their minds, in their very first being. This opinion I have
at large examined already; and, I suppose, what I have said in the fore-going Book,
will be much more easily admitted, when I have shown, whence the Understanding
may get all the ideas it has, and by what ways and degrees they may come into
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the mind; for which I shall appeal to every one’s own observation and experience.
Let us then suppose the mind to be, as we say, white paper, void of all characters,
without any ideas; how comes it to be furnished? Whence comes it by that vast
store, which the buy and boundless fancy of man has painted on it, with an almost
endless variety? Whence has it all the materials of Reason and Knowledge? To
this I answer, in one word, from Experience: In that, all our knowledge is founded;
and from that it ultimately derives it self. Our observation employed either about
external, sensible objects; or about the internal operations of our minds, perceived
and reflected on by our selves, is that, which supplies our Understandings with all
the materials of thinking. These two are the fountains of knowledge, from whence
all the ideas we have, or can naturally have, do spring.

George Berkeley, The Principles of Human Knowledge, Part I
It is evident to any one who takes a survey of the objects of human knowledge,
that they are either ideas actually imprinted on the senses, or else such as are
perceived by attending to the passions and operations of the mind, or lastly ideas
formed by help of memory and imagination, either compounding, dividing, or
barely representing those originally perceived in the aforesaid ways.
Discussion 1 Consider the following questions in a group. Both Locke and
Hume base all knowledge on experience, but both do not take this simply to mean sense
experience. What other type of experience do they refer to?

1.2

Criticisms

Objection 1. Observation and illusion
If scientific knowledge and theories are based on observation, it is observations of a
certain type. That is, scientific theories are purportedly not based on sensory information
known to be illusory (e.g. optical illusions). However, sorting out what is and isn’t an
illusion can be difficult. In determining what is and is not an illusion, we rely upon our
existing beliefs about the world (the theories that we accept). However, if the theory
that we accept is wrong about the world, then it may wrongly lead us to treat certain
observations as illusions.
For example, it was previously thought (drawing from Aristotle) that the moon (and all
objects in the heavens) was a perfect sphere. If one looks up at the full moon with the
naked eye, it does not appear to have any craters or mountains. In addition, celestial
bodies were also claimed to be perfectly spherical on the basis of their nature:
Being ingenerable, incorruptible, inalterable, invariant, eternal, etc. implies
that celestial bodies are absolutely perfect; and being absolutely perfect
entails their having all kinds of perfection. Therefore, their shape is also
perfect; that is to say, speherical – and absolutely and perfectly spherical, not
approximately and irregularly – Galileo Dialogue 84, qtd in Drake, Stillman
Galileo: A Very Short Introduction, p.54.
However, Galileo observed with a telescope that the moon does have mountains and
craters, and he used various methods used by surveyors to determine the size of these
mountains. His observations went against accepted theory about the celestial bodies
in general and the moon in particular. In reaction to the report of these discoveries in
Galileo’s Starry Messenger, astronomers and philosophers claimed that (i) the mountains
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and craters were optical illusions and (ii) there was no proof that what Galileo claimed
to see was anywhere except in the lenses of the telescope itself.
Objection 2. Observation is not passive
The view of science characterized above has it that we are given information by merely
opening up our eyes. With this information, we build up scientific theories. First, this
ignores a certain active element of observation, e.g. squinting, focusing, scanning, etc. In
addition, it ignores that scientists actively manipulate and control the settings so they
can “see better”
Objection 3. Errors in Perception: Biology
What we perceive and what we know about sensation indicates that much of what we
perceive is added by the mind.
Example 1: the blind spot
The blind spot is the location on the human retina where the optic nerve fibers
exit the back of the eye. Since there are no rods or cones at this location, there is
a small, unnoticeable gap in the visual field.

Example 2: depth
We don’t immediately see the distance of an object from ourselves. Instead, we
unconsciously infer it from a variety of visual cues. In other words, there is no
immediate perception of depth.
Objection 4. Perceptual experiences are ambiguous.
To see exactly how a single retinal image can be interpreted ambiguously, consider the
Rubin vase (see Figure 1.1.). When staring at the Rubin vase image, observers see the
same retinal image (they have the same sensation), but this image is consistent with two
different perceptual experiences (two vases or a single vase).

Figure 1.1. A Rubin Vase is an ambiguous image created by the Danish psychologist Edgar
Rubin. The vase presents observers with a single retinal image whose interpretation is consistent
with one of two objects (vase or two faces).

Objection 5. Perception colored by prior experience. In the case of the Rubin
vase, it is relatively easy to switch back and forth between the two images. There are
some examples where individuals only see one image and this image is determined by
their prior experience. For example, consider the jug in Figure 1.2.
The jug determines a single retinal image but produces different perceptual experiences
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Figure 1.2. “This image was also displayed in an illusion exhibit gallery at the Museum of
Science in Boston. When asked if there was any controversy about displaying the image, the
curators replied that once a group of nuns had objected, but were quickly silenced when told
that one’s perception is based on past experience.”

according to one’s prior experience. Children, for example, tend to only see dolphins on
the jug, while adults see a provocative scene.
Objection 6. Perception colored by expectations. In addition to ambiguous
images, individuals often misinterpret images that are contrary to their expectations.
For example, in an experiment, twenty-eight subjects were shown successively five different
playing cards. Cards were of two sorts: normal cards and trick cards, the latter being
cards where color and suit were reversed. One to four of the five cards shown to subjects
were trick cards, e.g. two of spades (red). Subjects were exposed to cards at varying
intervals, 10ms, 30ms, 50ms, 70ms, . . . , 1000ms until they were able to correctly identify
the card.
Subjects had roughly four different reactions:
Dominance Reaction: A red 2 of spades is shown, but subjects confidently
identify it as a 2 of hearts. (categorization is dominated by the color not suit)
Compromising: A red 2 of spades is shown, but subjects split the difference by
reasoning as follows:
•
•
•
•

P1:
P2:
C1:
C2:

I see red but spades are black,
Black and red give us purple,
I saw a purple two of spaces or
I saw a purple two of hearts.

Disruption: A red 2 of spades is shown. Subject is faced with an incongruity
and so this disrupts their ability to identify: “I don’t know the hell I saw”
Recognition: A red 2 of spades is shown, and subject recognizes it as a red 2 of
spades.
This study showed that it took longer for subjects to recognize trick cards than normal
cards (28ms vs. 114ms).
• 27 out of 28 subjects had dominance responses
• 14 out of 28 subjects had compromise responses
• 16 out of 28 subjects had a disruption response at least once

1.2 Criticisms

15

The point is that oftentimes when we are viewing something that is contrary to our
expectations, there is a longer threshold to accurately recognize what is perceived. So, if
we don’t have time to examine it long enough, we can misidentify what we have perceived
(compromising / dominance). This has implication for how the biases we have shape our
perception.
Objection 7. Some objects of perception are only seen when information or
context is given about the object.
In other words, the object is not an intelligible object unless someone tells us how to see
it. That is, we need knowledge about the object in order to understand what we are
looking at.
For example, someone unfamiliar with Jesus Christ might not recognize his face in a
blob-looking image in a napkin. In scientific practice, prior experience influences our
perception. An expert technician is able to tell you whether some spot on an x-ray is
cancer or an apparition (or something else). When one is trained to look through a
microscope or a telescope, a trained individual sees something different (something more
intelligible) than the lay person. A child might look at an x-ray tube and see a light
bulb, but an engineer would see something different. In each case, individuals can be
said to “see” something that an untrained observer cannot.
Objection 8. facts are not always prior to theory: concepts
We need a conceptual framework to even formulate certain facts and to categorize objects.
If we see an apple, we need some preliminary concepts and information to say “that is
red, that is an apple, etc.”
Objection 9. facts often depend upon the accepted scientific theory
The claim that the “the earth is stationary” may be said to be a fact before the Copernican
revolution. Consider that observation prior to that time confirmed it. If I am standing
here, I don’t feel or see the earth move.
Copernicus, however, argued that the earth is not in a state of rest but in a state of
constant motion around the sun. One problem with this was how to explain the fact
that we don’t feel that we are in a state of motion. That is, if the earth is spinning
at around 1000mpw, why don’t we feel it? Galileo argued that the concept of inertial
motion could explain why we don’t feel we are moving. That is, we don’t feel the earth
moving because it is moving at a constant velocity.
A second example involves the appearance of Venus and Mars. Venus and Mars should
look different depending upon where the Earth is in its orbit, but to the naked eye they
always appear the same size.

Chapter 2

Does science have a specific
method: Inductivism
2.1

Introduction

Is science distinctive in the way it justifies its claims? That is, is there some specific
method or approach that scientists take? Intuitively we think that scientific claims are
held to a higher standard than non-scientific claims. That is, we think that the method
of science proves its claims while other methods lack this kind of strong support.
science is an activity governed by a method that systematically justifies its
conclusions (proves them)
In order to determine whether or not science argues in its own distinctive way, it is
necessary to introduce several distinctions. The first is the notion of an argument. This
course won’t require that we dive deeply into questions like “what is an argument?” or
“what are the elements of an argument?” But we do need a compact way to present
arguments and a general understanding of how to criticize them. Intuitively, we can
think of an argument as a set of reasons (or evidence) given in favor of some thesis.
Definition – argument
An argument is a set of propositions (sentences that can be true or false) where
one subset of propositions (called the premises) are given in support of another
proposition (called the conclusion).
Consider the example in Table 2.1.
P1
P2
C

All pollution is caused by hippies.
John is a hippie.
Therefore, John causes pollution

Table 2.1. Argument for Hippies Causing Pollution

The argument in Table 2.1 contains two propositions (sentences) called the “premises”
that support a third proposition (sentence) called the “conclusion”. We will abbreviate
the premises using P and an integer (e.g. P1 or P1 and C to indicate the conclusion.
We can criticize any argument in one of two ways.
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Option 1: Reject at Least One of the Premises
Option 2: Argue that the Conclusion Does Not Follow from the Premises.
The first way an argument can be criticized is by citing objections. Objections are
some consideration (or reason) against the acceptance of the conclusion, either because
the premises are false or because even if the premises are true, they don’t support the
conclusion. The argument in Table 2.1 can be criticized by arguing that at least one of
the premises is false. For example,
O1: It is false that all pollution is caused by hippies. Why just the other day I
was drinking an energy drink and threw it in the street (thereby polluting) and I
am not a hippie.
We will use O and an integer O1 or O1 to abbreviate the term “Objection”.
The second way to criticize an argument is to argue that even if the premises were true,
the conclusion does not follow. This mode of criticism is independent of whether the
premises of the argument are in true or false. It says, instead, even if we assume that the
premises are true, the conclusion does not follow. To get a clearer picture on this second
type of criticism, it is necessary to distinguish between two different kinds of arguments:
deductively valid arguments and inductively strong arguments.

2.2

Deduction and Induction

Tagging an argument as “good” or “bad” involves evaluating the quality of an argument.
What makes an argument good? This partly depends upon the purpose of the argument.
If we expect arguments to entertain us or be thought-provoking, then whether the premises
of the argument are true or not might not be of our concern. Logically, arguments
are evaluated in two ways. First, arguments are evaluated according to whether the
propositions (premises and conclusion) that compose the argument are true. If the
propositions that compose the argument are true, then the argument is considered “good”
in that particular sense.
This type of evaluation of arguments is an evaluation independent of the relation between
the premises and the conclusion. In short, each proposition of the argument is evaluated
independently.
Second, arguments are evaluated according to the type of relation between the premises
and the conclusion. In broad strokes, an argument is “good” (in this sense) provided
the relation between the premises and the conclusion is one of truth-preservation. This
type of relation can be understood in at least two ways. First, an argument can be
truth-preserving in that it is impossible for the premises to be true and the conclusion
to be false. When an argument is truth-preserving in this sense, the argument is said to
be deductively valid.
Definition – Deductive validity
An argument is deductively valid if and only if it is logically impossible for the
premises to be true and the conclusion false.
Second, an argument can be truth-preserving in that it is improbable for the premises
to be true and the conclusion to be false. When an argument is truth-preserving in this
sense, the argument is said to be inductively strong.
Definition – Inductively strong
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An argument is inductively strong if and only if it is improbable that its conclusion
is false while its premises are true. In other words, were the premises true, it would
be unlikely that the conclusion is false.
Deductive validity and inductive strength concern the relation between the premises
and the conclusion independent of whether the premises and the conclusion are in fact
true. However, when an argument is, deductively valid (inductively strong) and has true
premises, then we say that the argument is sound (cogent).

2.2.1

Deductively Valid Arguments

Some arguments are purported to be deductively valid. An argument is deductively
valid if and only if it is impossible for the premises to be true and the conclusion false.
That is, an argument is deductively valid if and only if it must be the case that on the
assumption that the premises are true (not saying they are), the conclusion is also true.
If someone says that a given argument is “deductively valid”, what they express is that
there is an impossible state of affairs. Namely, what they are expressing is that there is
NO WAY the premises can be true and the conclusion false. So, if the premises are true,
we can be confidant that the conclusion is also true.
Table 2.2. A Deductively Valid Argument is One Where

Premises
Conclusion

True
True
Possible

True
False
Impossible!

False
True
Possible

False
False
Possible

Given that in a deductively valid argument it is impossible for the premises to be true
and conclusion false, deductively valid arguments are truth preserving. That is, if an
argument is deductively valid, then it is impossible for the premises to be true and the
conclusion false, and so, if the premises are (in fact) true, then the conclusion is true
too. A deductively valid argument whose premises are, in fact, true is called a sound
argument.
As an example, consider the argument in Table 2.3. This argument is deductively valid.
And, it so happens, its premises are true as well. So, the argument is sound.
P1
P2
C

Obama is President or McCain is President of the USA.
McCain is not President.
Therefore, Obama is President.
Table 2.3. Argument for Obama as President

One way to criticize an argument other than asserting that its premises are false is to
say “the argument is not valid.” That is, the argument is invalid. What this means is
that it is possible for the premises to be true and the conclusion false.
Let’s return to the argument in Table 2.1 and determine whether the argument is
deductively valid or invalid. That argument consists of two premises. Let’s assume that
both are true. Does the conclusion still follow? That is, is it impossible for the premises
to be true and the conclusion false? No. Even if it were true that “all pollution is caused
by hippies” and that “John is a hippie”, it is still possible that “John does textbfnot cause
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pollution”. Consider the the first premise does not say that “all hippies cause pollution”
or “all of the hippies are responsible for all of the pollution”.
Discussion 1 Consider the following questions in a group. Create a deductively
valid argument for why we shouldn’t (or should) hurt puppies. Be sure to label your
premises and conclusion clearly.
If an argument is not valid, then it is categorized as “invalid”.
Definition – Deductive invalidity
An argument is deductively invalid if and only if it is not deductively valid.
For example, consider the argument in Table 2.4. In that argument, notice that it is
possible for P1 and P2 to be true yet C to be false. This argument is thus invalid.
P1
P2
C

Many astronauts have drinking problems.
John is an astronaut.
Therefore, John has a drinking problem.

Table 2.4. Argument for astronauts having drinking problems.

Point 1. An argument does not need to have true premises in order to be
deductively valid. For instance, consider the example in Table 2.5
P1
P2
C

All pigs fly.
David Agler is a pig.
Therefore, David Agler flies.

Table 2.5. Argument for Flying Pigs

Notice that neither P1, P2, nor C are true, but the argument is nevertheless valid. It is
deductively valid because were the premises true, it would be impossible for the premises
to be false.
Point 2. A deductively valid argument cannot establish the truth of a scientific theory.
It can only show that on the assumption that the premises are true, then the conclusion
is also true.

2.2.2

Inductive Arguments

Not every argument purports to be deductively valid. Some arguments, instead, purport
to be inductively strong. We say that an inductive argument is strong when it is likely
that if the premises are true the conclusion is also true. While validity is an all-or-nothing,
the strength of an argument is a matter of degree and a comparative notion. Some
premises provide more support to their conclusions than others; arguments of this nature
are thought to be stronger than those arguments that provide less support.
To illustrate, consider the example in Table 2.6. This particular kind of inductive argument
is called an argument by enumeration. These arguments support a universal (general)
conclusion by reasoning from singular claims.
Notice that P1, P2, and P3 are all examples or instances of the general or universal
claim found in C. We might then say that the argument in Table 2.6 exemplifies a key
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P1
P2
P3
C

John played football and has bad knees at age 50.
Frank played football and has bad knees at age
50.
Liz played football and has bad knees at age 50.
Therefore, everyone who plays football will have
bad knees at age 50.

Table 2.6. Argument for Football Causing Bad Knees

aspect of the scientific method. Namely, scientists gather observations and then reason
to general conclusions.
Discussion 2 Consider the following questions in a group. Create your own
inductive argument for some scientific claim (it need not be a real scientific claim).
Point 3. Inductively strong arguments are not deductively valid. That is, an inductively
strong argument is not a strict proof of the conclusion, even if the premises are true.
Non-deductive (inductive) modes of inference fall short of strict proof. For example, if
our axioms are direct, immediate observations, we cannot prove the universal laws of
science.
Example 1:
“all observed swans are white” therefore “all swans are white” No, in Australia
there are black swans.
Example 2:
“whenever we heat water, it boils at 100 degrees” therefore “water always boils at
100 degrees.” No, it has a different boiling point at high and low altitudes.

Example 3:
Newton’s laws of motion hold for all matter. No, they need revision for very small
(quantum mechanics) and the very fast objects (special relativity)

Bertrand Russell - “On Induction”
Experience has shown us that, hitherto, the frequent repetition of some uniform
succession or coexistence has been a cause of our expecting the same succession or
coexistence on the next occasion. Food that has a certain appearance generally
has a certain taste, and it is a severe shock to our expectations when the familiar
appearance is found to be associated with an unusual taste. Things which we see
become associated, by habit, with certain tactile sensations which we expect if we
touch them; one of the horrors of a ghost (in many ghost-stories) is that it fails to
give us any sensations of touch. Uneducated people who go abroad for the first
time are so surprised as to be incredulous when they find their native language
not understood.
And this kind of association is not confined to men; in animals also it is very strong.
A horse which has been often driven along a certain road resists the attempt to
drive him in a different direction. Domestic animals expect food when they see
the person who feeds them. We know that all these rather crude expectations of
uniformity are liable to be misleading. The man who has fed the chicken every
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day throughout its life at last wrings its neck instead, showing that more refined
views as to the uniformity of nature would have been useful to the chicken.
Discussion 3 Consider the following questions in a group. Scientific claims are
often ranked higher than other types of claims because they are thought to be proven.
But the above argues that there can be no strict proof for scientific claims. Its foundations
and method for justifying claims have irreparable problems. What does this mean for
our image of science as an activity that justifies claims? Is there any way to save this
image of science

2.2.3

Good and Bad Inductive Arguments

The argument in Table 2.6 shows that the strength of an inductive argument is a matter of
degree. Some inductive arguments are stronger (better) than others. When an argument
is not strong, it is claimed to be weak. To say that an inductive argument is weak is
to say that it is not likely that if the premises are true then the conclusion is also true.
Some criteria we might use to evaluate the quality of an inductive argument are the
following:
1. the number of observations: whether the generalization is based on a large number
of observations or only a few.
2. the diversity of the observations: whether the generalization is based on observations
that took place in a variety of contexts and under diverse conditions or whether
the observations were confined to a few limited situations.
3. the consistency of the observations: whether there are other observations that
conflict with the generalization.
4. the relevance of the observations: whether the observations are relevant to the
generalizatoin.
First, note that for we might say that a single case is not enough to make the conclusion
convincing but a couple thousand instances would make the conclusion more likely. With
respect to arguments by enumeration (see Table 2.6) we might say that citing only a
few instances of football players who have bad knees is not enough to show that football
playing causes bad knees. The bad knees may be the result of some other factor, e.g.
some football players may like to dance after their games at clubs and dancing causes
bad knees.
Second, as ? points out, one way to increase the sheer number of observations is to
repeat the same experiment over and over. For example, one could argue that all metals
expand by repeatedly heating the same metal bar over and over in our apartment. This
procedure ignores the possibility that different metals might not expand or that certain
metals might not expand in certain conditions. As a second example, consider the claim
that water at 212 degrees Fahrenheit (100 degrees Celsius). One might boil water over
and over again at a certain location and find that it boils at 100 degrees every time.
However, the boiling point of water varies depending upon the altitude (atmospheric
pressure) at which it is boiled.1
Another example might be location. Consider that pre-1697, many individuals in the
Western world reasoned as follows:
P1
C

All swans that I have seen, read about, and those I’ve heard individuals
talk about are white
Therefore, all swans are white.

1 A Pew Study showed that only 34% of Americans knew that water boils at a lower temperature at
higher altitudes.
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Here there is a large number of observations that point to swams being white. However,
despite the truth of the premise, the conclusion is false and was shown to be false to
Western people when Dutch explorer Willem de Vlamingh discovered black swans in
Australia.
Third, there should not be observations that conflict with the generalization. For example,
if the claim is that all metals expanded when heated but there are observations of metals
not expanding when heated, then the argument is problematic.
Definition – strong principle of induction
If a large number of As have been observed in a wide variety of conditions, and
those As unequivocally have property B, then all As are B (see ?, p.43).

Definition – inductivism
Scientific knowledge is derived by generalizing from observable facts.
Discussion 4 Consider the following questions in a group. Create an inductively
strong argument for why we shouldn’t (or should) hurt puppies. Be sure to label your
premises and conclusion clearly. Also, be sure to make your argument as strong as
possible.

2.3

The Inductivist Picture of the Method of Science

With deductively strong and inductively valid arguments defined, we might now give a
picture of how the distinct method of science.
Generalizations (Laws / Theories)
Induction
Observations

Deduction
Predictions)

Figure 2.1. The inductivist picture of science

Essentially, the distinct method of science is that it begins with observations, generalizes these observations into laws, theory, universal propositions, and then uses these
generalizations to make predictions about the future behavior of the world.
As an example, suppose I notice that whenever the temperature is below 0 degrees Celsius,
water freezes. After repeated observations of these phenomena, I might inductively infer
that water always freezes below 0 degrees Celsius. With this generalization, I can now
make future predictions about the world. For instance, if weather forecasters tell me
that it will be below 0 degrees Celsius tomorrow I can deductively infer that if there is
any water on the sidewalk, it will freeze.
Discussion 1 Consider the following questions in a group. Use the above model
to give an illustration of the inductivist picture of science.

2.4 Criticisms of Inductivism

2.4
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Criticisms of Inductivism

Objection 1. How many observations is enough? The first criterion is vague.
How many observations are required to make an argument strong? 100, 1,000, 10,000?
In addition, sometimes a few observations is said to be enough, e.g. we don’t need to
test anymore nuclear weapons to know they are destructive.
Objection 2. What is a sufficient variety of observations? The second condition
is also problematic. With boiling water, since atmospheric pressure effects the boiling
point of water and atmospheric pressure varies with altitude, it is relevant to the
generalization that water boils at 100 Celsius that the boiling point of water is tested
at different altitudes. But, what sorts of conditions are relevant to a generalization? In
testing falling bodies, does the color of the object impact the rate at which an object
falls? Does the weight? Does the size?
Objection 3. unobservables Much of science makes claims about unobservable entities
(e.g. electrons, quarks, etc.) and so how can we
Objection 4. The Problem of Induction Suppose that the inductivist claims that
all scientific knowledge is justified either by an appeal to deductive reasoning (logic) or
by experience. Inductive arguments cannot be justified in terms of deductive reasoning
(logic) since as inductive arguments are not valid. Can inductive arguments in general
be justified by experience? Consider the argument in Table 2.7.
P1
P2
P3
C

The principle of induction was successful on occasion o1 (e.g. determined
the position of a planet)
The principle of induction was successful on occasion o2 (e.g. determined
the effectiveness of a drug)
The principle of induction was successful on occasion o3 (e.g. determined
the explosiveness of reaction)
The principle of induction will always be successful.
Table 2.7. Argument for the principle of induction

The argument in Table 2.7 reasons from successful instances of the principle of induction
to the generalization that the principle of induction will always work. The problem
with this argument is that it assumes what it is supposed to prove. That is, in order to
show the principle the principle of induction is justified, it assumes that the principle of
induction is justified.
Response 1. One way that we might respond to this objection is to modify the strong
principle of induction. Rather than saying that if a large number of As have been
observed in a wide variety of conditions, and those As unequivocally have property B,
then probably (it is likely that) all As are B.
Let’s call this the “weak principle of induction”
Objection 5. weak principle of induction is no more justified. Even an argument
for the weak principle of induction will need to be inductive and so it will need to assume
what it is supposed to prove

Chapter 3

Does science have a specific
method: falsificationism
3.1

Introduction

So let’s assume the following:
1. the scientific method relies in some way upon observations (even though we cannot
accept these acritically)
2. the scientific method involves some sort of systematic method, but this method
cannot be characterized in the way that the inductivist asserts
Perhaps one way to characterize the specific method of science is to say that the scientific
method involves at least the following:
1. the initial proposal of conjectures (hypotheses)
2. the subsequent attempt to refute (falsify) these conjectures
3. upon refutation of the conjecture, a new hypothesis is proposed.
On this approach, no scientific theory is ever proven true. Instead, we get a picture of
science where scientists propose and refute theories and, ideally, only the fittest scientific
theory survives. Let’s call this general view of science falsificationism.
Science is an activity governed by a method where individuals consider a problem, gather
data, look at previous explanations and then form a general hypothesis (the method in
which this hypothesis is generated can be systematic). Next, scientists do not aim to
prove this hypothesis by accumulating further observations. What they do instead is
deduce testable predications from these hypotheses and try to look for observations that
would falsify the hypothesis.1
1 The position of “falsificationism” is commonly attributed to its most notable champion: Karl Popper.
The core ideas, however, are not new. 19th century American philosopher Charles S. Peirce (EP2:73-74)
writes “The scientific man finds himself confronted by phenomena which he seeks to generalize or to
explain. His first attempt to do this, though they will be suggested by the phenomena, can yet, after all,
be reckoned but mere conjectures; albeit, unless there be something like inspiration in them, he never
could make a successful step. Of those conjectures,–to make a long matter short,–he selects one to be
tested. In this choice, he ought to be governed solely by considerations of economy. If, for example, the
prospect is that a good many hypotheses to account for any one set of facts, will probably have to be
taken up and rejected in succession, and if it so happens that, among these hypotheses, one that is
unlikely to be true can probably be disposed of by a single experiment, it may be excellent economy
to begin by taking up that. At last, however, a hypothesis will have been provisionally adopted, on
probation; and now, the effort ought to be to search out the most unlikely necessary consequence of it
and that can be thought of, and that is among those that are readily capable of being brought to the
test of experiment. The experiment is made. If the prediction from the hypothesis fails, its failure may
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Example 1: Water Boiling
I believe that water boils at 100 Celsius. I test this hypothesis repeatedly and
find that after a number of repeated tests, it boils at 100 Celsius. The hypothesis
withstands my tests. Later on, I test this hypothesis at elevation and find that it
does not boil at 100 Celsius. The hypothesis is refuted.

Example 2: My Wife’s Lover
Suppose I think my partner is cheating on me. I may have some suspicions or I
may be insecure (it doesn’t matter how I came to this hypothesis). To put my
mind at ease, I develop a way to test my suspicion.
If my wife is cheating on me, then a private detective following her for a week
would find conclusive evidence of her infidelity. (If T, then p).
I hire a private detective and after a week of trailing her, the detective reports
that there are no signs of infidelity (not p). Thus, my theory has been shown to
be falsified (not T).
Discussion 1 Consider the following questions in a group. Offer up your own
example of the method of falsification. First, come up with a falsifiable theory. Second,
explain what observable phenomena would follow if that theory were true. Third, offer
up a scenario that has that phenomena not follow. Fourth, explain what this does to the
theory.

3.2

Modus Tollens

Earlier, it was noted that there are problems with characterizing the method of science
as inductive. The falsificationist can characterize the method of science as having a
deductive structure.
First, the hypotheses, their falsifying instances, and the subsequent rejecting of the
hypothesis can be characterized using the logical inference known as modus tollens
(denying the consequent).
P1
P2
C

If theory (T) is true, then we should observe p rather than not-p.
We observe not-p (or we don’t observe p)
Therefore, T is not true.
Table 3.1. Modus tollens

Second, the negation of universal laws are deductively entailed by singular statements
that contradict the universal statement.
P1
P2

A swan observed at time t in location p was not white.
It is not the case that all swans are white.
Table 3.2. Caption

be so utter as to be conclusive; or, maybe, nothing more than an alteration of the defective theory need
be undertaken. If, notwithstanding its unlikelihood, the prediction be verified, and if the same thing
happens again and again, although each time the most unlikely of the (convenient) predictions has been
tried, one begins to doff one’s cap to the rising star that nature herself seems to favor.”
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In sum, while it is not possible to show that a scientific theory is true by induction, it is
possible to show that a scientific theory is false deductively.

3.3

Falsifiability

The falsificationist places a condition on the type of hypothesis or conjectures permitted.
Namely, hypotheses must be falsifiable.
Definition – falsifiable
A hypothesis h is falsifiable if and only if there it is logically possible for there to
be some observation (or collection of observations) that if established as genuine,
would be inconsistent with the truth of the hypothesis.

Example 3: Some falsifiable hypotheses
1.
2.
3.
4.

Objects fall at a rate proportional to their mass.
Cancer can be fully cured by ingesting drug X.
All swans are white.
My husband is cheating on me.

Example 4: Some unfalsifiable hypotheses
1. All bachelors are unmarried men.
2. John will either go to the party or he won’t.
3. If we stay together, then we were meant to be. If we break up, then we were
not meant to be.
4. God is loving.
The demand for only falsifiable hypotheses stems from the intuition that scientific theories
ought to be informative. If a hypothesis is falsifiable then it states what sorts of situations
are not the case. For example, the claim that “objects fall at a rate proportional to their
mass”, if true, states how we should see objects fall and in doing so tells us about ways
we won’t see objects fall (e.g., objects won’t fall at a rate independent of their mass).
“All swans are white” tells us that we won’t see any black, or blue, or green swans. In
contrast, if a hypothesis is unfalsifiable, then it does not inform us about the world
because it is consistent with any way the world might be. That is, “John will either go
to the party or he won’t” does not tell us whether he will or he won’t go to the party.

3.4

How Falsifiable: Clarity and Precision

The quality of a scientific hypothesis might first be evaluated in terms of whether or it
the hypothesis it proposes is falsifiable. Next, it might be evaluated according to the
degree to which it is falsifiable. Tentatively, it might claimed that the more falsifiable a
hypothesis is, the better. In other words, were two hypotheses being evaluated (h1 and
h2 ), assuming neither h1 nor h2 has been falsified, if h1 is more falsifiable than h2 , then
h1 is a better hypothesis than h2 .
In exploring this claim, it is worthwhile to consider two different hypotheses and determine
which of the two is more falsifiable:
1. Some bodies will fall at a rate proportional to their mass.
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2. All bodies will fall at a rate proportional to their mass.
The more falsifiable theory is (2) since (i) it says everything (1) does but more and (ii)
only one observation is required to falsify it.
Why ought we to accept the claim that the more falsifiable hypothesis is better?
First, if a hypothesis is not clear from the outset, then the hypothesis can always
(potentially) be revised again and again to block any falsifying observation. In other
words, the more obscure a hypothesis is, the more susceptible it is to ad hoc modifications.
Second, there is some relation to how precise a theory is and how falsifiable it is. That
is, a hypothesis that says that all objects will fall at a rate between 4 and 10 m/s is less
falsifiable than one that says it will fall at 10.00232 m/s. In other words, the precision
and the falsifiability of a theory seem to go hand in hand. And, insofar as a precise
theory is better than an imprecise theory, then so too a highly falsifiable theory is better
than one that is less falsifiable.

3.5

Falsificationism and Progess: A simple account

From the theory of falsificationism, a theory of scientific progress can be obtained. Science
progresses as follows:
1. There are problems that human beings encounter (many of these are the result of
puzzling observations about things in the world) or questions that emerge.
2. Falsifiable hypotheses are proposed as solutions to these problems.
3. Individuals test these hypotheses
(a) Some hypotheses are refuted
(b) Others are not refuted and more rigorous testing ensues (often, new observations about the world emerge)
4. For the refuted hypotheses, new hypotheses are proposed, and these undergo
testing.
As an illustration of the progress of science according to the falsificationist, ?, pp.65-66
points to the question of how bats are able to navigate at night at speed given their poor
eyes.
The process of falsificationism proceeds first by proposing the hypothesis that bats
actually navigate with their eyes. Next, an experiment is designed to test this where
bats are blindfolded. Bats are able to navigate when blindfolded and so the hypothesis
is falsified. A new hypothesis is proposed, e.g. that they use their eyes and various
squeaks to navigate. Scientists then proceed to test this hypothesis by either covering
their ears or their mouths and having them navigate an obstacle course. When bats fail
to adequately navigate the course, it is not proven that bats navigate with their ears and
by emitting squeaks but only that this hypothesis has not been falsified. It is not proven
because other explanations are possible and future observations may falsify the theory.

3.6

Naive vs. Sophisticated Falsificationism

Let’s contrast two different versions of falsificationism.
Definition – Simple falsificationism
Simple falsificatonism is the theory that science ought to proceed by (i) proposing
hypotheses that are falsifiable yet not already falsified and (ii) test these hypotheses
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by way of observation and experiment.

Definition – Sophisticated falsificationism
Simple falsificatonism is the theory that science ought to proceed by (i) proposing
hypotheses that are falsifiable yet not already falsified, (ii) testing these hypotheses
by way of observation and experiment, and (iii) replacing rejected hypotheses with
new hypotheses that are more falsifiable than their predecessors.
The central difference between the simple and sophisticated versions of falsificationism concern the issue of replacement of falsified hypotheses. According to the simple
falsificationist, once a hypothesis has been falsified, it can be replaced with any falsifiable hypothesis that purports to solve the problem. According to the sophisticated
falsificationist, this is insufficient. Replacement hypotheses need to be more falsifiable
than the hypotheses they are seeking to replace. The reason for this condition is to
prevent ad hoc modifications to a theory. That is, some hypotheses might start out as
falsifiable but continually resort to modifications that are made simply to avoid falsifying
observations (some even being transformed into totally unfalsifiable hypotheses).
Definition – ad hoc modification
A modification to a theory is an ad hoc modification if and only if the modification
adds to or replaces or alters a component of the theory but this alteration has no
new testable consequences that are not already found in the original theory.

3.6.1

Examples of ad hoc modifications

Example 1: Invisible Unicorns.
Suppose I say that there is a unicorn in the room. In fact, he is in the closet. This
is a startling claim but one that is easily falsifiable by looking in the close to see if
there is a unicorn. Quite unsurprisingly, there is no unicorn in the closet. You have
falsified my theory! But, I might change my theory so as to avoid abandoning my
theory. “Ah!” I say “but it is in the closet. It is just that the unicorn is invisible!
No one can see it, hear it, touch it, and no consequences follow from it being in
the room.”
Here I have engaged in a modification to my theory so as to avoid it being falsified.
I have modified the hypothesis so that there are no testable consequences that are
not already found in the original theory. In this particular example, I’ve modified
it so radically that there are no testable consequences at all!

Example 2: Popper on Freudian Psychoanalysis.
Suppose an individual is suffering from neurosis. One might propose the theory
that all neuroses are the result of being punished for some sexual act and so the
patient’s neurosis is the result of being punished for some earlier sexual act. But
now suppose there is falsifying evidence. No, the individual was never punished for
such an act. At this point, the theory might get revised to say that all neuroses
are the result of being punished for some actual sexual act or some non-sexual
act that is later unconsciously sexualized so the patient’s neurosis is the result of
being punished for some earlier actual or perceived sexual act. This transforms a
potentially falsifiable claim into one that is unfalsifiable!

3.6 Naive vs. Sophisticated Falsificationism
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Example 3: Bread Nourishes
This particular example is taken from ?, p.70-71. Suppose someone hypotheses
that “bread nourishes”. That is, they claim that when wheat is grown, converted
into bread, and eaten by human beings, it will nourish them. Suppose, however,
that a certain batch of bread grown and made in the normal way poisons a group
of people. This appears to falsify the general theory that “bread nourishes”.
One might, however, modify the hypothesis that “bread nourishes” by simply
excluding that particular batch of bread from the theory. That is, rather than
bread nourishes, the theory contends that “all bread nourishes except that particular
instance of bread that poisoned people”. This is an ad hoc modification. There are
no new testable consequences that are not already found in the original hypothesis.

Example 4: Galileo and the moon’s invisible substance
The moon (and all celestial bodies) were once thought to be perfect spheres (no
mountains or craters). However, with the invention of the telescope, Galileo
observed that the moon was not a perfect sphere and contained mountains and
craters.
In response to this falsifying observation, the theory was modified in the following
way: the moon was a perfect sphere and the appearance of craters and mountains
were an illusion for there was an invisible substance that filled in these gaps. This
is an ad hoc modification since there are no new testable consequences that are
not found in the original hypothesis.

3.6.2

Examples of non ad hoc modifications

Example 1: Bread Nourishes
This particular example is taken from ?, p.72. Suppose someone hypotheses that
“bread nourishes”. That is, they claim that when wheat is grown, converted into
bread, and eaten by human beings, it will nourish them. Suppose, however, that
a certain batch of bread grown and made in the normal way poisons a group of
people. This appears to falsify the general theory that “bread nourishes”.
One might, however, modify the hypothesis that “bread nourishes” by saying
that “all bread nourishes except for bread that is made with wheat effected by
a particular fungus”. This modification is not ad hoc because there are testable
consequences that are not present in the original hypothesis. The experiment for
testing bread simply involving taking some bread and seeing if it nourishes. In the
new hypotheses there is the new experiment that involves taking bread with (and
without) a certain fungus and testing to see if it nourishes or not.

Example 2: The motion of Uranus and the discovery of Neptune
This particular example is taken from ?, p.73. Consider the orbit of Uranus and
the Newtonian laws of motion. In the nineteenth century, Uranus appeared not
to travel according to the Newtonian laws of motion. This then appears to falsify
Newtonian gravitational theory.
One might, however, keep the Newtonian gravitational theory by postulating
what we know about the world. That is, to explain Uranus’s strange deviation
from Newtonian gravitational theory, Leverrier and Adams postulated a new
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(unobserved) planet near Uranus. Given the deviation from Newtonian theory, the
approximate size and location of the object was postulated. This modification to
the theory (particular certain assumptions about how the world is) is not ad hoc
because it is independently testable. That is, it contains a testable consequence
not found in the original theory.
Later, it was discovered that there was a planet influencing the orbit of Uranus:
Neptune!

3.7

Criticisms of Falsificationism

Objection 1. Falsifying observations: reject the theory or the observation? A
number of scientific theories face falsifying observations, but there is no way to determine
whether we ought to reject the theory or reject the observation.
Example 3: Copernicus and naked eye observations.
The Copernican theory is inconsistent with naked eye observations of Venus and
Mars.
Objection 2. The Duhem-Quine Problem (or Duhem’s Holism).
The falsificationist model gives the impression that the scientific method is systematic
because it is algorithmic (there are a set of rules that allow us to compute the answer
to a particular problem or question) and realistic in that it is tied to the observable
world. But, let’s consider a problem for the above account known as the Duhem-Quine
problem. Consider that formal models of scientific activity are said to consist of five
parts: the predication (p), the theory (T), and initial conditions (ic), auxiliary universal
statements (aus), and idealizations (i):
the prediction (p): a sentence that describes a phenomena to occur
the theory (T): sentences that specify various universal statements, e.g. laws
of nature like “force is equal to mass times acceleration”
initial conditions (ic): a set of singular statements specifying current states,
relations, etc., e.g. there exists a planet u, planet u is at position p1 at t1.
auxiliary universal statements (aus): statements that underlie the specification of or determination of initial conditions, e.g. aus1 = statements regarding
how telescopes (or other technological devices) work.
idealizations (i): simplifications necessary for doing calculations, e.g. i1 = the
only bodies that exist in our solar system are the sun and planets.
Note that the number of auxiliary hypotheses, idealizations, and initial conditions are
often extremely high and are sometimes not explicitly formulated. We previously stated
that an isolated theory T allows us to deduce a prediction p. The falsification method said
that if we observed not-p, then T would be falsified. But, that is an oversimplification
of what actually goes on. Consider Newton’s three laws of motion as it is specified
schematically in Table 3.3.
Theory
Initial conditions
predictions
Auxiliary universal statements
Idealizations

T = Newton’s Laws
ic1 , ic2 , ic3 , ic4 , . . . , icn
p1 , p2 , p3
aus1 , aus2 , aus3 , aus4 , . . . , ausn
i1 , i2 , i3 , i4 , . . . , in

Table 3.3. An even more complicated formal model of the derivation of the prediction
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Now suppose that Newton’s theory says we should see p1 but we are actually presented
with not − p1 . Given the theory complex and the falsifying observation, logically, we are
justified in saying that the theory complex is false Table 3.4.
P1
P2
C

If T AND ic1 , ic2 , ic3 , ic4 , . . . , icn AND aus1 , aus2 , aus3 , aus4 , . . . , ausn
AND i1 , i2 , i3 , i4 , . . . , in , then p1
not − p1
Therefore, not (T and ic1 , ic2 , ic3 , ic4 , . . . , icn AND aus1 , aus2 , aus3 ,
aus4 , . . . , ausn )

Table 3.4. An even more complicated formal model of the falsification of the theory

Notice that the theory itself has not been show false. Rather what has been falsified is some
part of the theory-complex, initial conditions, auxiliary hypotheses, and idealizations.
Thus, the falsifying instance does not directly falsify the theory but hits the entire system.
Or, as Duhem puts it:
The only thing the experiment teaches us is that among the propositions used
to predict the phenomenon and to establish whether it would be produced,
there is at least one error; but where this error lies is just what it does not
tell us.
It was claimed that science is systematic and doesn’t engage in ad hoc modifications.
Even though some falsifying observation does not directly falsify the theory but hits the
entire system, the falsification method says we should not modify the initial conditions,
the auxiliary statements, or the idealizations. We ought to reject the theory and move
forward. But science does not work like this!
Example 4: Falsifying the Copernican theory
If we simply reject the theory, Copernicus’s theory that the earth travels around
the sun would have been denied (see Barker & Kitcher, p.20-21). Galileo “saved”
the Copernican theory by modifying one of the initial conditions (ic), i.e. the size
of the universe.
Example 5: Orbit of Uranus
If we simply reject the theory, then Newton’s gravitational theory would have been
denied when it was shown to conflict with the orbit of Uranus. But Adams and
Leverrier “saved” Newtonian physics by modifying one of the initial conditions (ic),
i.e. they changed the initial conditions by positing another planet that exerted a
gravitational force on Uranus
Objection 3. Many new theories stands against a wealth of falsifying observations.
When the Copernican universe was proposed, it stood against the Aristotelian-Ptolemaic
universe. The philosopher Aristotle claimed that the universe was divided into the
sub-lunar and super-lunar regions. The sub-lunar region consisted of the earth to the
moon’s orbit while the super-lunar region extended from the moon to the stars. The
Aristotelian universe is a finite universe. The stars in the sky are fixed to a sphere with
nothing behind them.
All super-lunar objects (e.g. the planets) are composed of a perfectly spherical and
incorruptible substance and they moved in a circular orbit around the earth which sat at
the center of the universe (see Figure 3.2).
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saturn
jupiter
mars
sun
venus
mercury
moon
earth

Figure 3.1. Aristotle’s universe

The problem with this picture of the universe is that while planets appear to move from
West to East against a fixed background of stars, when observed from Earth planets
will occasionally appear to change direction, moving from East to West. This change
in direction is known as “retrograde motion”. One way that retrograde motion was
accounted for was by the introduction of epicycles. That is, planets would orbit their
circle of orbit around the earth.

earth

Figure 3.2. Aristotle’s universe with epicycles

Copernicus argued that the sun, rather than the earth, was at the center of the universe
and that the earth (and all other planets) orbited the sun. The initial benefit of this theory
is that it can explain retrograde motion without epicycles. Namely, retrograde motion is
only a perspective effect.2 . However, despite the smoother (less ad hoc) explanation of
retrograde motion, Copernicus’s theory stood against not only the accepted world-view
2 See

https://www.youtube.com/watch?v=1nVSzzYCAYk
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but the observations that the Aristotelian-Ptolemaic theory could easily explain. These
include:
1. if the earth orbits on its axis and is traveling around the sun, then why do objects
when dropped from heights (e.g. a tower) fall directly to the ground rather than
some distance away (e.g. a number of yards away).
2. if the earth orbits on its axis and is travelling around the sun, then why don’t
objects not bound to the ground fly around, e.g. small rocks.
3. if the Copernican system is true, then why do Mars and Venus always look the
same size with the naked eye. If their distance relative to the earth changes, then
they should change sizes.

Chapter 4

Does science have a specific
method: Explanation
4.1

Introduction

Science offers explanations of different phenomena. That is, one of the goals of science
seems to be to explain various events, phenomena, regularities and so on. Why do people
get cancer? Why do metals expand when heated? Why do I feel dizzy when I spin in
circles? Why don’t I feel the speed of the earth’s rotation?
Many explanations are motivated by practical considerations. We care about our health
and what to know why we get diseases or why certain people are healthier than others.
We care about our environment and want to take the necessary steps to prevent its
destruction. Other explanations are motivated by our desire to know. We want to know
about other galaxies or astronomical behavior or the activity of building blocks of things.
The explanations that science has provided have been extraordinarily successful. We
are capable of explaining more than ever before. But what is the nature of a scientific
explanation? What are its key ingredients?
Before two different answers are given to this question, it is worthwhile to introduce two
key terms.
Definition – explanandum
The explanandum is the thing (phenomenon experience, observation, event, occurence, law) that is being explained.

Definition – explanans
The explanans is the general laws (e.g. laws of nature) and particular facts that
do the explaining.

4.2

Hempel’s covering law model of explanation

One answer to these questions is given by the philosopher Carl Hempel (1905–1997).
For Hempel, an to given an explanation is to give a certain kind of answer to an
explanation-seeking-why question (I’ll call these “why questions” for short):
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1. why is x like this?
2. why does x behave like that?
3. why do I not fly off the earth even though it is moving?
For Hempel, the kind of answer that an explanation must take is that of an argument
where:
1.
2.
3.
4.
5.

the conclusion states that the explanandum) occurs
the premises give reasons why the conclusion is true
the conclusion is deductively entailed by the premises
the premises are true (so the argument is sound)
the premises consist of at least one general law (law of nature), e.g. “all water boils
at 100 degrees Celsius” or “all metals expand when heated”.

Thus, according to Hempel, to explain x is to show that x follows deductively from (is
covered under) at least one or more general law. That is, it explains the explanandum
by showing how it is a logical consequence of a general law (and any particular facts).
The general structure then of the covering law is given in Table 4.1.
P1
P2
C

General law(s) (explanans)
Particular fact(s) (explanans)
Phenomena to be explained (explanandum)

Table 4.1. Structure of explanation in the covering law model of explanation

Example 6: Why does sugar dissolve in water?

4.3

Criticisms of the covering law model

Objection 1. symmetry. Suppose, on a sunny day, you are standing a certain distance
from a flagpole that is 15m tall. You notice that the flagpole casts a 20m shadow. You
ask yourself “why does the flagpole cast a 20m shadow? The flagpole is only 15m tall,
shouldn’t it only cast a 15m shadow?”
An explanation for this phenomena can be given using the covering law model of
explanation is given in Table 4.2 (see ?, 45-46).
P1
P2
P3
P4
C

The flag is 15m tall.
The angle of sun with respect to the flagpole is 37 degrees.
All light travels in straight lines.
Laws of trignometry
Therefore, the shadow of the flagpole is 20m.

Table 4.2. Covering law model explanation of why a 15m flagpole casts a 20m shadow cast.

One feature of the covering-law model is that, to put it coarsely, if A (the explanans) is
used to explain B (the explanandum), then B can be used to explain A. That is, there
is a symmetry between the explanation and the object being explained. To put this
more precisely, the explanandum can be replaced with a component of the explanans to
explain that component.
This point is best seen through an example. Consider the flagpole example in Table 4.2.
The explanandum there is the 20m shadow of the flagpole. Now suppose we were to
ask “why is the flag 15m tall?” (P1). This could be explained simply by swapping the
explanandum (C) with (P1) as is done in Table 4.3.
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P1
P2
P3
P4
C

The shadow of the flagpole is 20m.
The angle of sun with respect to the flagpole is 37 degrees.
All light travels in straight lines.
Laws of trignometry
Therefore, the flag is 15m tall.
Table 4.3. Covering law model explanation of why a flag is 15m tall.

This explanation meets all of the criteria set forward by the covering law model: all of
the premises are true, the conclusion is entailed by the premises, and there is at least
one general law. Nevertheless, it is strange to think that this explains why the flagpole
is 15m tall. We think instead that the explanation ought to cite considerations having to
do with the actual construction of the flagpole itself.
Point 1. Explanation is asymmetrical. The key point to take away from this is an
explanation should involve an asymmetry between the explanandum and the explanans.
That is, to put it coarsely, if A (the explanans) is used to explain B (the explanandum),
then B should not be an acceptable explanation for A.
Objection 2. irrelevance. Consider an example found in ?, pp.47-8 where a child
wanders into room full of pregnant women. The child sees a man and asks a nurse why he
isn’t pregnant. The nurse responds that the man is on birth-control pills, that individuals
on birth control do not usually get pregnant, and that is why he is not pregnant. This
explanation meets all of the criteria set forth by the covering-law model. It involves
true premises, these premises entail a conclusion, it makes use of a general law, and the
explanandum is the conclusion of the argument.
The problem exposed by this example is that the covering law model allows for an
explanans that is irrelevant to the conclusion. The fact that the man is on birth control
is irrelevant to why he is not pregnant. Whether he takes the birth control or not has no
bearing on the truth or likelihood of the conclusion. What is relevant is the fact that he
is a human male.
Thus, the covering-law model of explanation overdetermines the types of responses to
why-questions that count as explanations.
Point 2. The explanans should involve information that is relevant to the
explanandum. The point that the above example illustrates is that in order for a
response to a why-question to count as an explanation, the explanation needs to contain
information that is relevant to what is being explaned.

4.4

The causal model of explanation

An alternative to the covering-law model of explanation is the causal model of explanation.
According to this theory, one explains a phenomena when one states what caused it. For
example, if asked why my water plant has died, one could give an explanation for this
by pointing to what caused the plant to die (e.g. plants needing water and I have not
watered it).
In some respects, the causal model and the covering-law model overlap, e.g. in cases
where the explanans of a covering-law model is also the cause of the explanandum.
However, in other cases, it does not. To see the ways in which they differ, consider the
flagpole and male-pregnancy example cited by ?, pp. 45-48.
In the case of the flagpole example, the fact that the shadow of the flagpole is 20m
was used to explain why the flagpole itself was 15m. The problem here concerned the
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symmetry between the explanans and the explanandum. The causal model avoids this
problem since causation itself is asymmetrical. While the flagpole’s 15m height causes
the 20m shadow, it is not the case that the 20m shadow causes the flagpole’s 15m height.
In the case of the male-pregnancy example, the use of birth control was used to explain
why a particular man was not pregnant. This was taken to be irrelevant, and one of the
key points taken from this example is that the explanans ought to be relevant to the
explanandum. In the case of the causal model, since taking birth control is not the cause
of the man not being pregnant, this explanation would not be sufficient. What would be
sufficient is something that plays a causal role, e.g. that males cannot become pregnant.
Objection 1. Causality is an obscure notion A theory of explanation ought to
make explanation more, not less, clear. However, in using the notion of causality to
explain explanation, the causal model of explanation may have done just that. Some
philosophers contend that there is no intelligible notion of causality.
When we say that A causes B, typically we mean (i) on the occurrence of A, B follows
and (ii) A is responsible for bringing about B.
However, consider any case of causation. For instance, consider a billiard ball colliding
with another billiard ball. In this example, what do we observe? We observe the first
billiard ball moving at speed and moving toward another ball, touching that billiard bill,
and then the other billiard ball begin moving. That is, we observe an occurrence where
A is followed by B. What we don’t observe is the fact that A brought about B (just
that B occurred after A). In short, we only observe the constant temporal conjunction
of A and B, not that A causes B.
For this reason, and others, many take causality to be a puzzling concept. And, since you
should not explain a puzzling concept like explanation with an equally puzzling concept
like causality, the causal model for explanation is problematic.

Chapter 5

How does evidence relate to
theory: Bayesianism
Let’s assume the following:
1. There is no way to be absolutely certain that any hypothesis is true.
2. A scientific hypothesis is not confirmed by way of a straightforward induction nor
falsified as the falsificationist suggests.
3. Insofar as we know anything, it is always (i) relative to the information that we
have and (ii) influenced by the incoming information.
4. What scientists want to know is the probability of a hypothesis given (new) evidence.
5. The best way to express the probability that a hypothesis is true given some evidence
is through probability theory, specifically through the use of Bayes’ theorem.

5.1

Some preliminaries

The goal of this section is to introduce some key terms necessary for expressing Bayes’
theorem. To facilitate this, it is helpful to have a working example.
• Suppose 1% of people have a rare disease. Let’s call it VX-disease or VX.
• A person with VX has a 100% chance of a positive test.
• A person who does not have VX has a 100% chance of a negative test.
This information can be represented using a probability tree:
1.0
VX

+

0
-

.01
.

.99

0
no VX

+

1.0
-
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First, let’s define what are known as unconditional probabilities or prior probabilities.
These are probability that do not depend upon (are not conditioned by) something else
being the case. In our example, there are three prior probabilities.
1
1. The probability that an individual has the VX disease. The probability is 99
.
2. The probability that an individual tests positive for VX, independent of whether
or not s/he has VX. To determine this: (.01 ∗ 1) + (.99 ∗ 0) = .01 or 1%
3. The probability that an individual tests negative for VX, independent of whether
or not s/he has VX. To determine this: (.01 ∗ 0) + (.99 ∗ 1.0) = .99 or 99%

This information can be put in the language of hypothesis and evidence/data/observation. First, suppose we have the hypothesis that we have VX. Call this hypothesis
h. The prior probability of h is the probability of h independent of (or prior to) any test
for VX.
Definition – prior probability of h
the probability of h before we take into consideration some evidence e. Let P (h)
stand for “the probability of the hypothesis (h)” independent of evidence e.
Second, with this hypothesis in mind, we can characterize the results of VX as evidence.
Call either a positive or negative test e. The prior probability of e is the probability of e
independent of whether or not we have the VX disease or not.
Definition – prior probability of e
the probability of e before we take into consideration some hypothesis (theory)
h. Let P (e) stand for “the probability of an observation (e)” independent of a
hypothesis h.
What we have then is two different unconditional probabilities: P (h) and P (e). Note,
however, that incoming information influences the probability of the hypothesis and that
scientists want to know the probability of a hypothesis given some piece of evidence. In
other words, given some incoming evidence e, we should adjust the probability of the h
in light of P (e).
Definition – conditional probability
The conditional probability of A given B is the probability of A on the condition
that B.
There are two important conditional probabilities in our example.
1. the probability of an observation, evidence, or data e on the condition that some
hypothesis h is true (that is, the likelihood of an observation given a hypothesis).
• P (+/V X): the probability that we test positive (or negative) given that we
have VX: P (V X/+) = 1
• P (+/no − V X): the probability that we test positive (or negative) given that
we do not have VX: P (+/no − V X) = 0
• In this example, it is assumed we already know whether or not we have VX.
What we want to know is the probability that the test will reveal this fact
correctly.
Definition – posterior probability of e - P (e/h)
on the assumption (condition) that the hypothesis h is true, the probability of the
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evidence e. That is, the likelihood of some observation e given (in light of) the
hypothesis h. Let P (e/h) stands for the probability of e assuming h is true.
2. the probability of a hypothesis h on the condition that some observation e is true
(that is, the likelihood of a hypothesis given an observation).
• P (V X/+): the probability that we have VX given a positive test (or negative)
given that we have VX: P (V X/+) =?
• P (no − V X/+): the probability that we test positive (or negative) given that
we do not have VX: P (no − V X/+) =?
Definition – posterior probability of h - P (h/e)
on the assumption (condition) that some observation e is the case, the probability
of the hypothesis (h). That is, the likelihood of the hypothesis given (in light of)
the evidence e. Let P (h/e) stand for the probability of h given e.
The posterior probability of h given e, that is P (h/e) is what we want to know. Bayes
theorem tells us how to calculate this information.

5.2

Bayes’ Theorem

At the core of the Bayesian approach to science is Bayes’ theorem. What is the
theorem? Let’s consider three different, increasingly precise articulations of Bayes’
theorem.
Definition – Super simple Bayes’ theorem
Belief (hypothesis) + new evidence = new and improved belief (hypothesis)

Definition – Bayes’ theorem in English
The probability of a hypothesis given some new evidence is equal to the probability
of the evidence given the truth of the hypothesis times the probability of the
hypothesis independent of the evidence divided by the probability of the evidence
independent of the hypothesis.

Definition – Bayes theorem

5.3

1. P (h/e) =

P (e/h)P (h)
P (e)

2. P (h/e) =

P (e/h)P (h)
P (e/h)P (h)+P (e/not−h)P (not−h)

Example uses of Bayes’ theorem

In what follows, some step by step examples are provided to show how Bayes’ theorem can
be used to determine the posterior probability of some hypothesis given some evidence.
In using Bayes’ theorem, the following step-by-step method will be followed:
Step 1: P (h), Determine the prior probability of h
Step 2: P (e/h), Determine the posterior probability of e assuming h is true.
Step 3: P (e), Determine the prior probability of e
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Step 4: P (h/e), Use Bayes’ theorem to determine the posterior probability of h
assuming e is true.
Example 7: Cancer screening
• Suppose 1% of people have a rare disease. Let’s call it VX-disease or VX.
• A person with VX has a 100% chance of a positive test.
• A person who does not have VX has a 100% chance of a negative test.
1.0
VX

+

0
-

.01
.

.99

0
no VX

+

1.0
-

Now take John. What is his probability of having VX P (h)? In looking at the
probability tree, we would say it is 1%. Now suppose John is tested for VX and he
tests positive. What now is his probability of having VX given that he has tested
positive P (h/e)?
The answer, in this case, is obvious, but it can be computed using Bayes’ theorem.
First, let’s write out Bayes’ theorem:
P (V X/+) =

P (+/V X)P (V X)
P (+)

Next, let’s input the values from our probability tree beginning with the prior
probability that John had VX: P (V X) = P (.01)
P (V X/+) =

P (+/V X)P (.01)
P (+)

Next, input the probability that he tests positive given that he has VX P (+/V X) =
P (1)
P (V X/+) =

P (1)P (.01)
P (+)

Next, we input the probability that he tests positive prior to determining whether
he does or does not have VX. For this, we add the probability that he has VX to
the probability that he tests positive (.01*1) to the probability that he does not
have VX and tests positive (.99*0): P ((.01 ∗ 1) + (.99 ∗ 0)) = .01
P (V X/+) =

P (1)P (.01)
P (.01)
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Finally, we do the calculations and, as expected, we find that the probability that
John has VX given a positive test is 100%.
P (V X/+) = P (1)
What we see from the above is that Bayes theorem can be used to determine the
probability of the hypothesis that someone has the VX-disease P (h/e) given
1. the probability that someone has the disease P (h)
2. the probability that someone will test positive for the disease independent of any
knowledge about whether someone in particular has the disease P (e)
3. the probability that someone has the disease given that they tested positive P (e/h)
What it does is allow us to update the probability of a hypothesis given new information.
Let’s consider a more complicated and realistic example. We cannot expect every test to
be 100% accurate.
Example 8: Cancer screening
• Suppose 1% of women 40-50 have breast cancer.
• A woman with breast cancer has a 90% chance of a positive test (mammogram)
• A woman without breast cancer has a 10% chance of a false positive (mammogram)
Suppose a woman between 40-50 goes to have a mammogram. Her doctor meets
with her to tell her that her test has come back positive. Since the test is not 100
percent reliable, she does not know if, in fact, she has cancer. It could be a false
positive.
What is the probability that she actually has breast cancer.
• P (cancer/+) =? - probability that you have cancer given that you test
positive.
(cancer)
• P (cancer/+) = P (+/cancer)P
- determined by the probability that
P (+)
you test positive given that you have cancer times the probability that you
have cancer divided by the probability that you test positive.
.90
cancer

+

.10
-

.01
.

.99

.10

+

no cancer .90
We now can use the diagram and Bayes’ theorem to determine the probability that
an individual has cancer given a positive test. First, we determine the probability
that an individual who tests positive actually has cancer P (+/cancer) = P (.90).
This is multiplied by the probability that an individual has cancer independent of
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whether they tests positive or negative P (cancer) = P (.01).
P (cancer/+) =

P (+/cancer)(P (cancer)
P (+)

P (cancer/+) =

P (.90)(P (.01)
P (+)

Next, we determine the likelihood that someone will test positive for cancer
independent of whether they have cancer or not: P (+) = (.99 ∗ .10) + (.01 ∗ .90).
P (cancer/+) =

P (.90)P (.01)
P (.99 ∗ .10) + (.01 ∗ .90)

Then using Bayes’ theorem we can calculate the probability that one has cancer
given a positive test.
P (cancer/+) =

P (.009)
P (.099) + (.009)

P (cancer/+) =

P (.009)
P (.108)

P (cancer/+) =

P (.009)
P (.108)

P (cancer/+) = 8.3%
Discussion 1 Consider the following questions in a group. Suppose you are
working for a large corporation that drug tests employees. To keep things simple,
let’s suppose that the drug is cocaine. If any individual fails the drug test, they are
immediately fired and the employer informs the police.
• The test is 99.9 percent accurate (99.9 percent of users will fail the test)
• The test is 99.0 percent specific (99.0 percent of non-users will pass the test)
• 6 percent of employees are on cocaine.
Now suppose someone tests positive for cocaine. What is the probability that they are
on cocaine given the positive test?
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Bayesianism and Science: Some Key Points

Bayes’ theorem has a wide variety of applications. What role does it play in the philosophy
of science?
Point 1. Bayes’ theorem and the confirmation of a scientific theory.
Bayes theorem can be used to formulate a theory of incremental confirmation.
Namely, we can say that some evidence e confirms h if and only if P (h/e) > P (h). That
is, if the posterior probability of a hypothesis is greater than the prior probability of a
hypothesis, then the hypothesis has been confirmed by the evidence.
This does not mean that the hypothesis is true, likely, or that we should believe the
theory when P (h/e) > P (h). Notice that in the case of cancer screening, even though
the probability that you have cancer given a positive test is greater than the probability
that you have cancer independent of a test (P (8.3%) > P (1%)), it is still more likely
that you don’t have cancer than you do have it.
Point 2. Bayes’ theorem largely corresponds to how we think observation
and evidence influences the probability of a scientific theory
First, if e is likely whether h is the case or not, e won’t (strongly) support a hypothesis
h. That is, if e is true under a variety of competing hypotheses, then e won’t increase
the probability of h being true.
For example, suppose a hypothesis h1 and two competing hypotheses h2 , h3 . If under
each hypothesis on the condition that the hypothesis is true, then it is the case that the
sky is blue (that is, P (e/h) = 100%), then e does not change the likelihood of the h1 .
In short, evidence e that supports a variety of competing hypotheses equally or is true
whether h is the case or not won’t be strongly supportive.
h1

1
0

+
-

.33
.
.33

h2

1
0

+
-

.33
h3

1
0

+
-

Second, if e is extremely unlikely unless h is true and it turns out that e is the case,
then e will significantly increase the likelihood of h. The idea here is that if a hypothesis
h makes a novel (or unusual) prediction – one that is not likely given other hypotheses –,
and this prediction is confirmed, then the probability of the h significantly increases.

5.5 Problems with Bayesianism

h1

1
0
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+
-

.5
.
.5

h2

0
1

+
-

Point 3. Bayes’ theorem and ad hoc modifications.
Bayesianism is capable of accounting for problems associated with ad hoc modifications
to theories. For suppose h runs into conflict with some observation e. A proponent of
theory might, however, modify the theory in an ad hoc way in order to preserve the
theory.
However, the Bayesian can account for why ad hoc modifications to theories fail to be
better than the original theory simply because they are less susceptible to being falsified.
1. Consider the theory P (h). Assign it some probability.
2. Next, imagine that the theory runs into conflict with some observation e. The
probability is then modified P (h/e).
3. The ad hoc modification is then added to P (h/e) so that it no longer conflicts with
e. That is, instead of P (h) we have P (h&a) where a is the ad hoc modification.
4. According to the Bayesian, there are at least two reasons why P (h&a) < P (h):
(a) the probability of a theory plus an extra assumption (the ad hoc modification)
is always greater than the theory itself. For example, the probability of say
John is going to the store and will buy some milk is less than the probability
he is going to the store.
(b) Many ad hoc modifications are implausible and so the prior probability of
these modifications being true is usually low.

5.5

Problems with Bayesianism

Objection 1. How do we know the prior probability of the hypothesis?
The use of Bayes’ theorem requires that we know the (i) prior probability of the hypothesis,
(ii) the prior probability of the evidence, and (iii) the conditional probability of the
evidence given the hypothesis. How is the prior probability determined before applying
Bayes’ theorem? For example:
1.
2.
3.
4.

How do we determine the prior probability of having cancer?
How do we determine the prior probability of drug use?
How do we determine the prior probability of some scientific theory?
suppose we want to know the probability that an athlete is on performanceenhancing drugs (PEDs) given a positive test for a PED. The use of Bayes’ theorem
seems to require that we already know how many individuals use PEDs. But how
do we know this kind of information without testing individuals and how do we
know how reliable our test is without knowing how many individuals are on PEDs?

Response 1. All hypotheses have equal prior probability One response is to take
an objectivist position. Namely, all hypotheses are equal until the evidence makes them
more or less probable. Call this the objectivist position.
Imagine two boxers: Ryan and Frank. To determine the likelihood of one boxer beating
the other, we begin by simply supposing that each has an equal chance. So the likelihood
that Ryan will beat Frank is 50% and Frank beating Ryan is 50%. From there, we look
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at features in the world, using Bayes’ theorem, to adjust the likelihoods, e.g. injury,
training, etc.
Objection 2. Probability of scientific hypotheses The objectivist approach might
work in simple cases where there are two options, but it cannot work in science where
there are potentially an infinite number of hypotheses. For if there are an infinite number
of hypotheses, then probability of each is 0 and Bayes’ theorem won’t work if the prior
probability of a hypothesis is 0 (no matter the evidence).
Response 2. The prior probability of a hypothesis is determined subjectively
In contrast to an objectivist view of probability, let’s consider the subjectivist view. The
subjectivist accepts Bayes’ theorem and interprets the prior probability that h in terms
of the degree of confidence that people have in h occurring.
There are, however, some important caveats to this claim:
• The degree of confidence one has in P is not determined by one’s mental state but
how some rational person would bet on P, viz., their gambling behavior (not a
gambler who is prone to taking risks, desperate, etc.).
• a rational person A would take fair bet, viz., a bet where they are indifferent to
which side of the bet they would accept.
– Take a fair coin, if an individual is rational, s/he would be indifferent to heads
or tails.
– Take a bet, where there is a 1:3 chance of A occurring instead of B. A rational
person would be indifferent to betting one dollar and winning three or betting
three dollars and winning one.
So, in the case of two boxers: Ryan and Frank, the probability that Ryan will beat Frank
is whatever individuals would be willing to bet. From there, we look at features in the
world, using Bayes’ theorem, to adjust the likelihoods, e.g. injury, training, etc.
Objection 3. This makes probability rest on subjective considerations. The
problem seems to be that individuals might have different prior probabilities for the
same probability. For example, I might say that the prior probability of astrology being
true is 99% and the prior probability of it not being true is 1%. Where you might say
that the prior probability of astrology being true is 1% while it being false is 99%.
Response 3. Initial subjectivity is fine, probabilities converge. Consider a
hypothesis that you would not take to be very probable. Let’s suppose that I strongly
believe that a certain man in an alley has psychic powers. I think the hypothesis that he
can predict the future is 99.9% probable and you think it is closer to .1%. With this
hypothesis in hand, we can subject him to various tests and this incoming information
will (hopefully) lead us to assign the same probability to his ability to predict the future.
For example, suppose you and I go to test the hypothesis. You ask him to guess what
number you are thinking of from 1-100, and he answers correctly, then 1-10,000 and he
answers correctly. You are slightly more convinced. There are alternative explanations,
but these seem less and less likely the more he guesses correctly. Finally, you ask him to
guess tomorrow’s lottery numbers. He guesses correctly. This prediction is staggering
and with each unbelievable predication, your re-use of Bayes theorem would lead you to
change the probability of the man having psychic powers from .1% to 99.9%.
In short, the initial probability of a hypothesis is unimportant. What is important is
that the hypothesis is allowed to adjust to incoming information.

Chapter 6

Are the hypotheses in science
systematically generated?
6.1

Introduction

When people talk of science, they often think of scientific discoveries. We think of the
discovery of objects (e.g. Herschel’s discovery of Uranus as a planet), certain phenomena
(e.g. the Doppler effect), or the proposal of laws (e.g. Avogadro’s gas law). We discover
something when we move from a state of ignorance about something to a state of
knowledge. For example, in the early 19th century we did not know insulin was an effect
treatment for diabetes, but thanks to Fredrick Banting’s discovery now we do. Is there a
method to scientific discoveries or are all discoveries random?

6.2

Context of discovery and method of discovery

The context of discovery refers to the conditions under which an individual makes a
discovery.
Example 9:
You are sitting in your apartment staring at your phone, waiting to hear from a
friend about what you will do tonight (you don’t know and so are in a state of
ignorance). It is 10PM and you get a text inviting you out for ice cream (you have
made a discovery and are no longer in a state of ignorance).

Example 10:
Frederick Banting was a young doctor, teaching on the side, who while preparing
for a lecture and reading a medical journal, hit upon a hypothesis of how to treat
diabetes.
In contrast to the context of discovery is the method of discovery. This refers to
the procedure you (perhaps deliberately) employ to move from a state of ignorance to
a state of knowledge. If what distinguishes science from non-science is the method it
employs, we might say that science employs a special method for making discoveries.
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That is, science is an activity governed by a method that allows for the systematic
generation of answers to questions (systematic method for discoveries).
Definition – Systematic method of discovery thesis
What distinguishes science from non-science is that scientists employ a specific,
systematic (rule-governed) method for making new discoveries.
The idea here is that if we follow the method of science, we can generate new hypotheses
and make new discoveries in a systematic (rule-governed way).

6.3

Criticisms of the systematic discovery thesis

Objection 1. Many scientific discoveries are by chance.1
Example 11:
Kekulé’s discovery of the structure of benzene by looking at a fire
Here is how organic chemist August Kekulé discovered the structure of benzene:
I was sitting, writing at my text-book; but the work did not progress; my
thoughts were elsewhere. I turned my chair to the fire and dozed. Again
the atoms were gamboling before my eyes. This time the smaller groups
kept modestly in the background. My mental eye, rendered more acute by
the repeated visions of the kind, could now distinguish larger structures of
manifold conformation: long rows, sometimes more closely fitted together; all
twining and twisting in snake-like motion. But look! What was that? One of
the snakes had seized hold of its own tail, and the form whirled mockingly
before my eyes. As if by a flash of lightning I awoke; and this time also I spent
the rest of the night in working out the consequences of the hypothesis.iii

Figure 6.2. August Kekulé’s proposal for the benzene
structure
Figure 6.1. The ouroboros, mythical
snake

Example 12:
Fleming discovered penicillin while investigating staphylococci. He noticed that a
1 It is reported that roughly 30-50% of all scientific discoveries are by chance. See Dunbar, K., &
Fugelsang, J. (2005). Causal thinking in science: How scientists and students interpret the unexpected.
In M. E. Gorman, R. D. Tweney, D. Gooding & A. Kincannon (Eds.), Scientific and Technical Thinking
(pp. 57–79). Mahwah, NJ: Lawrence Erlbaum Associate
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petri dish was contaminated by mold and set it aside. After some time, he returned
to the dish only to find that the area around the mold had eradicated the staph.

Example 13:
Countless others, e.g. technological discoveries (vulcanized rubber, teflon, super
glue, the microwave, pacemakers, Silly Putty, the slinky, etc.), scientific discoveries
(that molecules have chirality,vi the smallpox vaccine,vii
Objection 2. scientific discoveries are not random, they occur against the
backdrop of existing knowledge
Consider the discovery of insulin, which was discovered in 1921.
• Diabetes has been recognized as a disease since the 1600s.
• Scientists knew that diabetes was deadly, that sugar made diabetes worse, but that
preventing patients from eating foods with sugar usually resulted in death.
• Autopsies of people who died of diabetes revealed damaged pancreases
• Scientists knew that the human being could not survive without their pancreas.
• Dog with their pancreases removed were found to attract flies (the urine had sugar
in it). Diabetes was diagnosed in humans by tasting urine.
• The cells that produce insulin were discovered in 1869 (Paul Langerhans).
• In experiments on dogs, Frederick Banting and Charles H. Best in 1921 discovered
insulin in the pancreas of dogs. They tested this by injecting it in dogs and checking
the dog’s glucose levels.
• Insulin was then developed for human application with James B. Collip and J.J.R.
Macleod.
Discussion 1 Consider the following questions in a group. If scientific hypotheses
don’t come about by some systematic method, then we might be tempted to say they
come about randomly or by chance. But, given the many steps involved in the discovery
of insulin, does its discovery seem “random” or “by chance”?
Discussion 2 Consider the following questions in a group. What practical benefit
is there to being able to demarcate science from other non-scientific activities? What
practical function does it serve? How does it help politicians, students, grant-awarding
agencies, or scientists? (in answering this question, you are also pointing out the practical
benefit of the philosophy of science!)

Chapter 7

How does science progress: Kuhn
7.1

Introduction

Consider what we will call the “positivistic view of science”
Definition – postivistic view of science
Science consists of the following key features:
1. science a constellation (aggregation) of a set of facts, theories, and methods.
Science is understood as a stockpile.
2. science is accumulative: science is the piecemeal development of this set of
facts, theories, and methods.
3. science is realistic: scientific theories and facts describe the real world and
each generation, each new theory moves us closer towards describing the real
world. add to science, and we move closer and closer toward truth
4. science is governed by a value-free, neutral, objective method that relies
heavily on neutral observations, mathematics, and logic.
Kuhn views this picture of science as problematic. ? starts The Structure of Scientific
Revolutions (hereafter SSR) by claiming that history can effect a profound transformation
in how we view science. According to Kuhn, the historian of science has two main tasks:
1. who discovered what scientific fact, law, or theory and when
2. what error kept scientists from a swifter discovery of this fact, law, or theory (what
did they have to overcome to make their discovery)
Concerning the second of the two tasks, Kuhn notes that (i) historians have struggled
with giving an account of what part of earlier theories was “myth” and what was “scientific”
and (ii) this renders problematic our view of science as accumulative. Consider a theory
(call it “theory X”) that was once accepted as scientific knowledge but is later replaced by
a newer theory (call it “theory Y”). Concerning theory X, the historian faces a dilemma.
Definition – Historian’s Dilemma
If theory X is a myth (non-science), then this myth was produced by the same
general method and accepted by the same general reasons that produces scientific
knowledge. If theory X is scientific knowledge, then X and not-X are both true.
There are three possible responses to the dilemma if it is genuine.
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1. reject that science is accumulative
2. reject that there is anything like an objective, value-free scientific method
3. reject that science is accumulative and there is anything like an objective, value-free
scientific method.
Discussion 1 Consider the following questions in a group. What is the correct
answer to the historian’s dilemma to science?
Let’s assume, temporarily, that (3) is the correct route. If this is the case, then
we need a different picture of how science has proceeded through history. Thomas
Kuhn provides such an image. In contrast to an image of science that is the result of
gradually accumulating knowledge through the use of an objective, unquestioned, valuefree method, Kuhn provides the image of science as one marked by radical disruptions
(revolutions) and making use of an often arbitrary, value-laden method.

7.2

Kuhn and the Structure of Scientific Revolutions

Before delving into the details of Kuhn’s account, it is helpful to (i) obtain a general
picture of how Kuhn sees the development of science and (ii) get clear on some of the
key terms.
New normal science

Pre-science

Normal science

Crisis

Revolution

Figure 7.1. Kuhn’s picture of the development of science

Point 1. Science begins as pre-science.
According to Kuhn, the story of how science progresses begins with prescience. “Prescience”, in short, is characterized by there being no consensus about the general nature of
some scientific phenomenon and debate about the fundamentals of science.1 In particular,
“pre-science” has the following features:
1. lack of consensus about fundamentals: entities, laws, concepts, how science should
be done
2. all the facts seems equally relevant, known seem more important than any other
(SSR:15), e.g. the heat as a result of chemical reaction and the heat of manure
3. casual observation about some phenomenon (a collection of things people have
observed)
4. continual constant competition between distinct, incompatible views of the world
(nature)
5. marked by disagreement
6. each individual works in their own field, often with very different fundamental
assumptions
7. the existence of a number of different theories but each theory had its say by being
able to account for some specific attribute, e.g. with respect to light, each theory
1 No period between remote antiquity and the end of the seventeenth century exhibited a single
generally accepted view about the nature of light. Instead there were a number of competing schools
and subschools, most of them espousing one variant or another of Epicurean, Aristotelian, or Platonic
theory (SSR:13).
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is able to account for some aspect of light but it struggled with others.2
8. no shared method
Point 2. Pre-science evolves to normal science when individuals adopt a
scientific paradigm.
The transition from pre-science to normal science occurs when individuals become
committed to what is known as a “paradigm”. 3
Definition – paradigm
A set of general theoretical assumptions, laws, methods, techniques that are
adopted by a community of individuals, but also:
1. contains general (often unstated) metaphysical principles, explicitly stated
theories, and general laws
2. is codified in some exemplar theory, historical achievement, or classic text,
e.g. Newtonian mechanics, etc. (even even though the achievement or text is
rarely discussed)
3. is articulated in scientific textbooks (namely, the textbooks articulate the
theory that is accepted by scientific practitioners as well as a number of
successful uses of the theory and (i) observations (facts) that the theory
explains and/or (ii) experiments that support the theory).
4. settles fundamental questions, no longer a need to build the field anew, no
need for first principles (SSR:20): entities, laws, concepts, how science should
be done
5. suggests which experiments are worth performing, the types of puzzles and
problems that can be solved, the types of questions that need answers, and
what kinds of answers are acceptable
6. focus on “the subtlest and most esoteric aspects of the natural phenomena”
(SSR:20)
7. no longer the need to publish books, but instead individuals focus on short
articles in specialized journals (SSR:20).
8. creates hyper-specialization so that the workings of the scientist cannot be
understood by the lay person or other scientists working in different fields
(SSR:20-21)
9. attracts a large majority of the younger scientific practitioners while the
older group of scientists gradually disappear (SSR:19)
10. leads to the formation of specialized journals and academic societies (SSR:19)
11. finds its way into the academic curriculum (SSR:19)
In short, a paradigm gives us a particular model of scientific activity that is usually
marked by some significant scientific discovery or theory. This model of scientific activity
has two characteristics:
1. it needs to be attractive enough to bring about a consensus about fundamentals.4
2. it is open-ended enough to leave various problems that can be taken up by its
practitioners (SSR:10-11). That is, there is enough flexibility for scientists to
investigate highly specific issues.
2 As a result of there being no general consensus about light, Kuhn notes that “each writer on physical
optics felt forced to build his field anew from its foundations” (SSR:13)
3 Kuhn contends that when a paradigm is accepted, individuals make the move from “pre-science” to
“normal science”. Kuhn writes that it is a “sign of maturity in the development of any given scientific
field” (SSR:12).
4 it “was sufficiently unprecedented to attract an enduring group of adherents away from competing
modes of scientific activity” (SSR:10)
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Example 14: History of Light
1. In the 18th century, light was thought to be a collection of material corpuscles
or little particles (Newton’s corpuscular theory of light). In this paradigm,
you would try to investigate various properties of light under the assumption
that light is a particle.
2. In the 19th century, light was thought to simply be a wave (Fresnel, Young,
et alia). In this paradigm, you would try to investigate various properties of
light under the assumption that light is a wave.
3. Today light is said to consist of photons that bear characteristics of waves
and particles. This is known as wave-particle duality (Planck, Einstein, et
alia). In this paradigm, you would try to investigate various properties of
light under the assumption that light behaves like both a wave and a particle.
In each case, scientific practitioners are said to accept a paradigm. They accept certain
fundamental assumptions about the nature of light and then proceed to investigate more
esoteric, specific, highly-specialized problems relating to light. What they do not do is
question its fundamental nature, viz., what light is.
In short, pre-science begins as a chaotic group of theories where there is little consensus
about what a certain scientific phenomenon is. Each individual creatively tries to address
what that phenomena is, how to investigate it, and various other issues from the ground
up. This leaves us with a chaotic and diverse array of theories that are largely at odds
with each other.
With the acceptance of a scientific paradigm, normal science begins. In normal science,
there is a consensus about what light (or some other phenomenon) is, and this information
is codified in textbooks, scientific journals, and societies. Scientists turn from fundamental
questions to highly esoteric questions about that phenomena and attempt to answer
these questions within the terms of the paradigm.
Point 3. Once a paradigm is accepted, normal science is now practiced.
Once individuals accept a paradigm, these individuals are practicing “normal science”.
Kuhn notes that “normal science” is the kind of activity that scientists do most of the
time, that it involves certain shared assumptions about the fundamental entities that
compose the world (and how they relate), what kinds of questions can be legitimately
asked, and what are legitimate answers to these questions.5
Definition – Normal science
Normal science is “research firmly based upon one or more past scientific achievements, achievements that some particular scientific community acknowledges for a
time as supplying the foundation for its further practice” (SSR:10).
Point 4. When falsifying phenomena build up in normal science, there is a
crisis.
Various falsifying observations or phenomena are observed, these build up to a point that
individuals begin to question the paradigm. Normal science evolves into a state of crisis.
Definition – Crisis
A crisis is a state of science where serious anomalies threaten the current paradigm.
5 For the most part, practitioners of normal science attempt to resist novelty. It is only when there is
some problem (anomalies) that cannot be legitimately answered by the accepted methods and solutions
that scientists will allow a hearing for more creative solutions.
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Definition – anomaly
An anomaly is any problem with a paradigm.
The presence of an anomaly becomes serious to a paradigm when
1. it is a problem with some fundamental component of the paradigm that resists
repeated resolution within the paradigm,
2. it is a problem with the paradigm that is of pressing social concern
3. there are a large number of them.6
When a paradigm falls into crisis, creative solutions emerge. These new solutions,
in effect, challenge the fundamental assumptions of the old paradigm, and, in effect,
propose new paradigms. When a new paradigm is accepted and the old paradigm
rejected, a revolution has occurred. “The extraordinary episodes in which that shift
of professional commitments occurs”, Kuhn writes, “are the ones known in this essay as
scientific revolutions” (SSR:6).
Some revolutions include:
• The transition in optics from geometrical optics to physical optics
• The transition from a Ptolemaic universe to a Copernican one (geocentric to
heliocentric universe).
• The transition in mechanics from Aristotelian mechanics to classical mechanics.
• The chemical revolution - the transition from the phlogiston theory to Lavoisier’s
theory of chemical reactions and combustion
• The transition from Euclidean geometry to hyperbolic geometry.
• The transition from the theory of spontaneous generation to biogenetic theory (all
life comes from other life)
• The transition from classical mechanics at the subatomic level to quantum mechanics
• The transition from the luminiferous (light-bearing) ether in space to account for
the movement of light to the theory of electromagnetic radiation in spacetime.
• The transition from Newtonian physics to the Einsteinian relativistic worldview.
New normal science

Pre-science

Normal science

Crisis

Revolution

Figure 7.2. Kuhn’s picture of the development of science

6 See

?, p.105.
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Some Issues with Kuhn’s theory

The most radical part of Kuhn’s theory is the following:
1. the history of science and theory-change does not reveal a linear progress to
increasingly better theories
2. science is not characterized by the use of an objective, value-free, theory-neutral
method.
What argument does Kuhn have for these two claims? The short and sweet of Kuhn’s
response is this: when a revolution occurs, and the scientific community replaces its
current paradigm with a new paradigm, the new and the old paradigms are not comparable.
They are incommensurable.
no progression
why?

incommensurability

no objectivity
Figure 7.3. Kuhn’s argument that science does not progress and theory-change is not completely
objective.

7.2.2

Incommensurability

What does it mean for two paradigms to be incommensurable and why would this imply
that science is not progressive and theory change is not objective?
Definition – incommensurability
X is incommensurable with Y if and only if X cannot be compared with Y in terms
of whether X is better than Y.
If two paradigms are incommensurable, they cannot be compared. And, if they cannot
be compared, one cannot be said to be better or worse than the other. And, if one
cannot be said to be better or worse than the other, then this seems to imply that the
choice to abandon one paradigm for another is not guided by any feature of the new
paradigm that makes it any better.
In what ways are scientific paradigms incommensurable? There are two ways that two
paradigms P1 and P2 can be said to be incommensurable.
The first is what we can call linguistic incommensurability. This type of incommensurability can be thought of in two different ways:
1. there are terms in P1 that have no corresponding equivalent in P2 (and vice versa).
If this is the case, then it might be said that P1 cannot be compared with P2 since
P1 and P2 refer to differ parts of the world. Consider that one of the things that
scientific paradigm does is determine the types of things that exist. Thus, if P1
had a term for the medium that light traveled through (e.g. lumineferous ether)
but P2 had no corresponding term or notion for this entity, then it looks like P1
and P2 are linguistically incommensurable.
2. there are terms in P1 that have mean something different in P2 (and vice versa).
The underlying idea here involves what is known as “meaning holism”, the claim
that the meanings of all of the terms in a scientific theory depending on the other
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parts. Thus, to understand the meaning of “light” in the Newtonian paradigm
would be to understand it as a particle and obeying Newtonian mechanics. To
understand it in the 19th century would be to understand it as a wave moving
through an invisible substance.

paradigm 1: a, b, c

paradigm 2, b, c

Figure 7.4. Linguistic incommensurability

In short, if two paradigms are linguistically incommensurable, the claim is that they
cannot be compared. And, if they cannot be compared, one cannot be said to be better
or worse than the other. And, if one cannot be said to be better or worse than the other,
then this seems to imply that the choice to abandon one paradigm for another is not
guided by any feature of the new paradigm that makes it any better or worse.
Objection 1. Incommensurability and Incompatibility.
The problem with this notion of incommensurability is that it seems as though it makes
it impossible to talk about differences between paradigms at all.
The way that Kuhn sets up the shift from one paradigm to the next seems to imply that
the different paradigms are incompatible. That is, we shift from one paradigm that
makes certain claims about the fundamentals of the universe (or some phenomena) or
about laws to another. The problem though is that if two paradigms are incommensurable
then they cannot also be incompatible.
If two paradigms are incompatible, then they both cannot be true at the same time. So,
if X and Y are incompatible: if X is true than Y is false and if Y is true, than X is false.
But, if X and Y are incommensurable, X cannot be compared with Y, and so we cannot
say that X and Y are incompatible.
But this is absurd since we think that paradigms (scientific theories) do conflict with
each other.
This brings us to the second kind of incommensurability, what we can call evaluative
incommensurability. On this incommensurability, P1 and P2 make use of different
standards for evaluating what counts as a good theory, argument, or explanation. That
is, if only a paradigm sets the standards of evaluation for what counts as a good theory,
then each paradigm will count its own theory and arguments as successful, while it will
count all others as unsuccessful. That is, if T1 meets the standards of P1 but not P2 ,
then P1 will count T1 as a good theory while P2 will count it as a bad theory. Similarly,
if T2 meets the standards of P2 but not P1 , it will be counted as good theory by P2 but
not P1 .
We can imagine simple examples where a paradigm sets the standard for what constitutes
a good explanation by requiring that we take into account certain entities and relations
that another paradigm might not allow, e.g. an explanation only counts as good iff it
can take into account of how it fits with God’s goodness.
Example 1: Causal/mechanical or mathematical/formal explanation
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We can imagine two different paradigms. The first requiring a causal/mechanical
explanation for certain phenomena while the other requiring a mathematical/formal
explanation.
For example, Newton’s theory of gravity states that “The gravitational attraction
force between two point masses is directly proportional to the product of their
masses and inversely proportional to the square of their separation distance. The
force is always attractive and acts along the line joining them.”
Note that this explanation of gravity is purely a mathematical / formal explanation
and does not state what causes gravity. That is, it does not state the mechanism
that causes two masses to attract. If a paradigm says that purely mathematical
explanations are sufficient, then Newton’s theory is a good theory. If it says that it
is necessary to explain what causes gravitation attraction, then this theory would
be problematic.
This particular line of argument assumes that there is no paradigm-neutral (theoryneutral) data, information, evidence that we can appeal to that would allow us to say
that one paradigm is better than another paradigm. And, to some extent, there is good
reason to believe this given the following:
1. perceptual beliefs are partially determined by background beliefs
2. observations are often highly conditioned by theory
In short, given that each paradigm judges what is and isn’t a good argument and there
not being any theory-neutral (paradigm-neutral) evidence to decide between different
paradigms, it looks like there is no way of determining which paradigm is better or giving
any account of scientific progress.
no terms
no progression

linguistic
holism
why?

incommensurability
standards

no objectivity

evaluative
data

Figure 7.5. Kuhn’s argument for non-progress of science and non-objectivity of theory-change

Objection 2. Kuhn’s theory makes scientific knowledge relative to a paradigm.
If what makes a theory successful is set by the paradigm, then a theory’s success is
relative to the paradigm from which it is evaluated. Theories are not getting better
and better as we transition from one theory to the next (since each paradigm evaluates
its theory as sufficient and others as insufficient), but are being evaluated by different
paradigms. In short, there is no measure of evaluation for evaluating paradigms.
This is counter-intuitive because:
1. it cannot explain things like greater predictive success of science
2. it ignores the development of technology
3. it assumes there can be no paradigm-neutral account of information but presumably
there is some information that cuts across some paradigms, e.g. observations
accepted in both the Ptolemaic and Copernican systems.

Chapter 8

How does science progress:
Lakatos
8.1

Introduction

Lakatos’s account of science can be understood as overcoming two problematic features
of earlier accounts that we have examined. The first is the Duhem-Quine problem that
beset the falsificationist theory. The problem that the Duhen-Quine problem raised for
the falsificationist is that any falsifying observation applies to the entire theory-complex
(the theory itself, the auxiliary assumptions, idealizations, etc.) and not the theory alone.
The falsificationist is thus left without any rational way to decide between which part
of the theory-complex to abandon. According to Lakatos, not all parts of science are
on the same level, some are more central than others, and so when faced with some
falsifying instance, we ought to modify the less central features of science instead of the
more central ones.
The second is the charge of relativism that applied to Kuhn’s account of science through
paradigm-shifts. According to Kuhn, there is no rational argument that can show one
paradigm is better than any other. This has the consequence of making all scientific
knowledge relative to the paradigm it is in and thereby leaving the idea of scientific
progress across paradigms unexplained. According to Lakatos, science does operate
under paradigm-like structures (Lakatos calls them “research programs”) and there are
program-neutral criteria for explaining how science does progress.

8.2

Research Programs

One of the core ideas of Lakatos is the notion of a “research program”.
Definition – Research program
A research program is a paradigm-like structure consisting of a hard core (the
unmodifiable general hypotheses, fundamental assumptions) and a protective belt
(the modifiable assumptions, laws, and initial conditions).

Example 2: Hard core

8.2 Research Programs
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modifiable assumptions, conditions
Protective Belt

Hard Core

Fundamental assumptions, general hypotheses

Figure 8.1. Lakatos’s picture of the two key components of a research program.

1. The hard core of the Copernican theory of the universe is that the assumption
that the planets orbit the sun.
2. the hard core of Newtonian physics is his three laws of motion and law of
universal gravitation.

Example 3: Protective Belt
1. addition of epicycles to Copernican system to explain retrograde motion of
planets.
Lakatos’s theory of science adds guidelines for what scientists can and cannot legitimately
do with the hard core and protective belt. What scientists can do is referred to as the
positive heuristic; what scientists should not do is referred to as the negative heuristic.
Example 4: negative heuristic
1. no modification to the hard core
2. no use of ad hoc hypotheses when dealing with the protective belt

Example 5: positive heuristic
1. start with simple, idealized cases and move to more complex cases (see ?,
p.124).
2. develop better technologies for gaining experimental data.
One final feature of Lakatos’s account concerns evaluating different research programs. In
contrast to Kuhn, Lakatos thought that science was progressive and scientific knowledge
was not relativized to a paradigm (or in his vocabulary a “research program”). In order
to support this claim, Lakatos needs some way to evaluate different research programs.
That is, he needs a way to say that one research program is better than another. The key
quality of a research program is how well it leads to (produce, yield) novel predictions.
Definition – novel prediction
A prediction is novel if and only if when it is made it clashes with knowledge that
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is commonly accepted by scientists at the time.
That is, a good (or progressive) research program is one that (i) retains coherence by
dealing with falsifying observations by modifying the protective belt and (ii) produces
confirmed novel predictions. A bad (or degenerative) research program is one that (i)
becomes increasingly incoherent and (ii) does not produce confirmed novel predictions.

8.3

Problems with research programs

In the previous section, we saw that Lakatos was able to fend off the Duhem-Quine
problem by distinguishing the hard core of science from its protective belt. In contrast
to the falsificationist, where a falsifying observation opened up the possibility of any
feature of the theory-complex being modified, Lakatos contends that only the protective
belt of science can be modified and only in a way that is sensitive to the positive and
negative heuristics.
Lakatos also fended off the charge of relativism that besets Kuhn’s theory by appealing
to his notion of a progressive research program. There is, however, a problem with
Lakatos’s appeal to progressive research programs.
Objection 1. New research programs are not always accepted as the result
of novel predictions. One problem with making novel predictions the hallmark of
a progressive research program is that, as ?, p.129 writes, “counter examples involves
situations where the worth of a research program is demonstrated by its ability to explain
phenomena that at the time were already well established and familiar, and so not novel”.
Example 6: retrograde motion
One advantage of the Copernican system is not that it generates novel predictions
but it more smoothly explains certain astronomical phenomena. One example
is retrograde motion of the planets. Retrograde motion was explained in the
past by claiming that planets orbit the earth and undergo epicycles, whereas the
Copernican account can explain retrograde motion as simply perspective effect.
Objection 2. Modifying the hard core. According to Lakatos, the hard core of a
research program cannot be modified. But, research programs adjust the hard core at
times.

Chapter 9

How does science progress:
Feyerabend
9.1

Introduction

Given the problems with the inductivist, falsificationist, Bayesianism, Kuhn’s theory, and
Lakatos’s theory, we might be skeptical that there is any distinctive method to science
that distinguishes it from other methods. This is the approach taken by Paul Feyerabend
in Against Method.

9.2

The case against method

Feyerabend’s theory can be understood in two parts. First, there is the negative part,
which involves the case against method. On this point, Feyerabend claims that
1. there is no single, identifiable method that is consistent with scientific progress
2. no distinctive method to science that makes it better than other methods
3. no distinctive principles belonging to science that makes it better than other
methods
4. if there is any principle or method, it is that “anything goes”
We won’t examine the details of his argument for this particular claim. The argument,
however, is essentially that when looking at how scientists actually establish their claims,
1. neither the inductivist, the falsificationist, nor Kuhn, nor Lakatos get things right
(there are serious philosophical objections to each account)
2. the examination of paradigmatic scientific arguments (e.g. Galileo’s attempts to
persuade individuals of the heliocentric hypothesis) reveal a variety of non-rational
argumentative tactics (propaganda, rhetoric, humor, peer-pressure, etc.) and the
decision to switch (or accept) theories is often due to non-empirical factors, e.g.
personal preference, social factors, simplicity.
From this, Feyerabend concludes that “the high status attributed to science in our society,
and the superiority it is presumed to have not only over Marxism, say, but over such
things as black magic and voodoo, are not justified” (see ?, p.144).
In other words, there isn’t some distinct method to science that elevates it above all
other methods (e.g. black magic).
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9.3

The case for freedom

The second part of Feyerabend’s view concerns the positive part. For Feyerabend, of
fundamental importance is human liberty (that is, that human beings are free).
Definition – negative freedom (liberty)
Negative freedom (liberty) to do X refers to the absence of active (external)
resistance to do X. These include, the absence of law or physical restraint to do X.

Example 7: freedom of speech
When we say a person has freedom of speech or expression, we mean that they
will not be punished, censured, killed or actively prevented from saying what they
want.
Example 8: freedom of religion
When we say a person has freedom of education, we mean that a person can
practice whatever religion they want without fear of persecution from the State.
Promoting a certain kind of human freedom is a good thing: it is a kind of humanitarianism (it makes human beings in particular and humanity as a whole better). That
is, insofar as we can promote the kind of freedom that helps human beings live a more
rewarding life, then we have done something to improve human life.
The anarchistic view of science then can be seen to promote human freedom in two ways:
1. the anarchistic view of science increases the freedom of scientists (they are no
longer bound to follow the strictures of any particular method)
2. the anarchistic view of science increases the freedom of people more generally
(people are not bound only to follow what science says is the case)
Definition – anarchistic theory of science
Feyerabend’s anarchistic theory of science is the theory of science that contends (i)
there is no distinctive method to science (the negative, against method part) and
(ii) that individuals and scientists should be free to follow whatever method they
wish (the positive, libertarian part).

9.4

Criticisms of Feyerabend

Objection 1. Irrationality. If anything goes, then even irrational methods goes. And,
if irrational methods go, then I can simply decide what by guessing (chance). This is an
absurd result since science must be guided by some kind of method, even if it isn’t a
single method. Therefore, the anarchistic theory of science is mistaken.
Objection 2. Persuasiveness of theories and methods. If anything goes, then
why are certain scientific theories and methods more persuasive than others? If every
method is as good as any other, then why are certain methods so strongly preferred? The
person that is a proponent of there being some universal scientific method can explain
this by arguing that scientists will (in general) gravitate toward methods that are better
at tracking truth. Anything does not go because methods that don’t track truth will
only have limited, temporary, or superficial attractiveness.

Chapter 10

What do scientific theories refer
to: scientific realism
10.1

Introduction

What do scientific theories refer to? What do they describe? Do scientific theories provide
an accurate representation of the real world or are they, at best, useful constructions
that aid people to cope with (or get around in) the world? In discussing this question,
let’s begin with some terms that describe what theories (of any sort) describe:

10.2

Realism and anti-realism

Definition – global realism
Realism is the theory that states
1. that we live in the same world,
2. that the world (what is real) is independent of what we think about it (of
the mind), except insofar as our thoughts, ideas, and language play a causal
role in the world, and
3. that our best theories not only describe appearances but the world that lies
behind those appearances.
In contrast to global realism is anti-realism:
Definition – global anti-realism
Anti-realism is the theory that
1. that we live in different worlds
2. that the world is only what appears to us privately (our personal appearances)
3. that our best theories only describe what appears to us (appearances) but
do not describe the world, or anything real.
The debate between global realists and global anti-realists is not the debate we will
focus on here. Instead, our focus will be on the debate between scientific realists and
instrumentalists (a less extreme version of global anti-realism). The crux of the debate
between scientific realists and instrumentalists concerns the the status of unobservable
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entities posited by our best scientific theories. The key question is whether we ought
to think of these unobservable entities in a realist or instrumental light. That is, when
successful scientific theories posit the existence of some unobservable entity (e.g. a
subatomic particle) are scientists committed to the theory describing these entities as
existing in the real world or are these entities merely useful for making predictions but
lacking in terms of reality.

10.3

Anti-realism: instrumentalism

One of the core ideas of the anti-realist is that a scientific theory is nothing more than a
set of claims that can be confirmed, refuted, corroborated by observation and experiment.
Definition – instrumentalism
Instrumentalism is the theory that
1. successful scientific theories describe the observable world. Given this is the
case, a scientific theory ought to be general (explain a wide-range of phenomena, simple, and empirically adequate, viz., consistent with observation and
experiment)
2. that the goal (aim) of scientific activity is not truth but to describe the
observable world.
Notice that scientific instrumentalism has two central parts. There is the descriptive
part, the part that puts certain constraints on what a scientific theory can be. Here, the
instrumentalist says that a successful scientific theory describes the observable world.
And, there is the axiological part, the part that specifies the goal of science.
In saying that scientific theories ought to be (at most) empirically adequate, the instrumentalist claims that successful scientific theories (at most) only describe the observable
world. The problem with this account is that scientific theories posit, in addition, unobservable entities. According to the instrumentalist, we ought not to understand the
unobservable entities posited by a scientific theory as literally describing the world. And,
scientists ought not believe these unobservable entities exist.
Scientific theories are tools for helping us cope with sensory experience. Yes, we want
a theory to be empirically adequate (a theory needs to describe what we can sense or
experience), but a scientific theory ought not to be understood as attempting to describe
what is unobservable.
But scientists posit unobservable entities, how ought we understand these unobservable
entities? Again, according to the instrumentalist, these entities should be taken as
existing as part of the world. Instead, when a scientist constructs a model of something
that is unobservable, s/he ought to at most be making use of a tool or instrument or
useful simplification that aids us in making predictions about the world. And, according
to the instrumentalist, we want our theories to be useful and insofar as a theory helps
us to predict events, then it is useful. Whether or not it actually describes the world is
unimportant.
Point 1. Mind and world are not independent, there is no knowledge beyond
what we can sense. Recall that scientific realists contend that the job of science is to
describe the real, including, but not limited to, what is unobservable. Critics of scientific
realism claim that since our knowledge does not extend beyond what we can sense (either
with the naked eye or through the use of scientific instruments) and since (by definition)
we cannot observe unobservable entities, it is not science’s task to describe unobservable
reality.

10.4 Criticisms of Instrumentalism
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Figure 10.2. Picture of a hydrogen atom
through a quantum microscope (keep in mind
that Hydrogen only has one electron).
Figure 10.1. Bohr’s model of an atom

Point 2. The history of science shows theories whose theoretical speculation
is plain wrong.
The instrumentalists points out that a number of scientific theories have posited the
existence of unobservable entities which later were found not to exist:
1. Newton’s optics posits corpuscles
2. ether in wave optics and electromagnetic theory1
These entities played a positive role in getting at observations. But, once the theory is
rejected, we discard the theoretical (unobservable) entities from our theories but retain
all of the observational information that the theory involved.

10.4

Criticisms of Instrumentalism

Let’s consider some criticisms of instrumentalism (scientific anti-realism):
Objection 1. No sharp boundary between observable and unobservable. A
cat is observable, subatomic particles are not observable, but there is a continuum
between the observable and unobservable. For example, is what is seen under a light
microscope or an electron microscope an observable? is what appears via x-ray or MRI
scan observable? It is unclear. Thus, the instrumentalist cannot claim that science ought
to stop at the observable.
Objection 2. The success of theories: no miracles Our best scientific theories are
highly successful at making predictions (sometimes predictions that are highly unusual).
The instrumentalist says that whether these theories are true or not is irrelevant. What
matters is their use. But, if these theories were not true (did not describe reality), then
their success would be miraculous. And, since we don’t think that scientific theories are
successful because of some miraculous connection between them and the world, they must
accurately correspond to the world. Therefore, our best scientific theories (along with the
unobservable entities that are a part of them) must be true (or at least approximately
true).
1 “ether”

refers to a substance (or medium) that occupies space and was claimed to be necessary for
the transmission of electromagnetic or gravitational forces.
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P1

Our best scientific theories are successful. These theories allow for
startling predictions.
If these theories were not true (did not describe the world, or were not
approximately true), then this success would be miraculous.
There are no miracles.
Therefore, our best scientific theories are true (do describe the world,
are approximately true).2

P2
P3
C

Example 9: Gravitational deflection of light
Relying on his theory of general relativity, Einstein predicted that light was subject
to gravitational deflection to a much greater degree than Newtonian physics. In
short, if light was traveling near a large body that large body would exert a
gravitational force on light, causing it to bend inward (toward the large body).
Response 1. A predictive theory is not always a true theory. Countless theories
of the past have had predictive success. This does not mean that these theories are true.

10.5

Scientific Realism

An alternative to the instrumentalist (or scientific anti-realism) is scientific realism.
Definition – scientific realism
Scientific realism is the theory that:
1. Global realism is true (in some sense)
2. The aim of scientific activity is to describe the real, including, but not limited
to, what is unobservable.
Notice that scientific realism has two parts. There is the descriptive part, the part that
claims that the real is independent of what we think and that a successful scientific
theory describes the world (and since scientific theories refer to unobservable entities,
they refer to unobservable entities). And, there is the axiological part, the part that
specifies the goal of science.
Describes the world
Goal of science
Describes the observable world
Further, we might distinguish two varieties (or attitudes) toward scientific realism by
specifying the extent to which science accomplishes its goal.
Definition – optimistic scientific realism
Scientific realism is true and science is successful (or will ultimately be successful)
in describing the world (the real).

2 For

an elaboration of this view, see (?).

10.5 Scientific Realism
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Definition – pessimistic scientific realism
Scientific realism is true but science is only partly successful and ultimately will
not be successful in describing the world (the real).

Optimistic version
Axiological part
Scientific Realism

Pessimistic version
Descriptive part

?, pp.177-178 says that his formulation of scientific realism takes the goal of science is
a rational aim. He contends that even if current scientific theories do not accurately
describe the world, science is ultimately capable of giving such a description. He contends
that the pessimistic formulation is inconsistent with saying that the goal of science is
rational.
If someone thought it was just about impossible for us to get to the right
theories, then it is hard to see how it could be a reasonable aim of science to
try to do so. ?, p.178
Discussion 1 Consider the following questions in a group. Are there any activities whose ultimate attainment is impossible (or extremely unlikely) that we would say
are rational, reasonable, or worth pursuing? If there are, why is it rational to pursue
these ends even though we can never attain it? How does this apply to scientific activity?
It is important to note that both the optimistic and pessimistic strand of scientific
realism do not take scientific theories to be infallible or necessarily true. What they are
committed to is that scientific theories are, at least, approximately true.
Objection 1. Optimism is false: complexity. The world is so complex that we will
never be able to give a complete description.
Objection 2. Optimism is false: laziness. The amount of time and energy required
to give a complete description of the world would also require a tremendous amount of
time, energy, and resources that human beings are unwilling to invest (more to life than
science).
Objection 3. Optimism is false: pessimistic meta-induction. If we look at the
history of science, what we find is science is continuously proposes and falsifying theories.
Thus, we can infer (inductively) that science will continue to propose and falsify theories.
For examples, see ?
The optimistic and pessimistic versions of scientific realism both accept the core component of scientific realism, namely that the world (what is real) is independent of what we
think about it (of the mind), except insofar as our thoughts, ideas, and language play
a causal role in the world. In addition, they both take the task of science to give an
accurate account of the real. Where they differ is whether they think that science can,
ultimately give such an account.
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Describes the world
Goal of science
Describes the observable world

Chapter 11

Paranormal Home Inspectors
11.1

Introduction

Many scientifically-minded individuals are skeptical of things that are classified as “the
paranormal”, “pseudo-science”, or even “spiritual”. This skepticism general is largely due
to the belief that the physical sciences have full coverage over the things that we can
know.
Definition – full coverage
The physical sciences have full coverage over what we can know if and only if all
that can be known is determined by the physical sciences.
The idea of full coverage has a number of theoretical and practical implications:
1. that there is a demarcation between the science and non-science
2. that anything pseudoscientific should not be believed (or cannot be known)
3. that anyone who believes in anything pseudoscientific or paranormal is acting
irrationally (or his/her beliefs are irrational)
4. that sciences but not pseudosciences should be taught in school
5. that public policy, decisions about our health, or even what we should do with our
personal lives should be based on science rather than pseudoscience.
The goal of this unit is to (i) get a clearer sense of the distinction between science and
pseudoscience and (ii) to investigate whether these implications are true.

11.2

Paranormal Home Inspectors

Pseudoscientific or paranormal beliefs are extremely prevalent. A 2005 Gallup poll
showed that three in four americans have some paranormal belief.1 One widespread belief
is that houses can be haunted (37%) and that the ghost or spirit of a dead person can
come back and occupy some time or place (32%). Even if we are skeptical of hauntings
and don’t believe in ghosts, many people have had the experience of being home alone,
hearing a bump or a spooky sound, and then entertaining the idea that there is some
supernatural or paranormal entity in the house.
1 http://www.gallup.com/poll/16915/three-four-americans-believe-paranormal.aspx
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In the show Paranormal Home Inspectors,2 a homeowner describes certain phenomena
occurring in his/her home. The show’s premise revolves around three different individuals
offering explanations for this phenomena. Essentially, each of the three individuals gives
an argument for their conclusion of the form found in Table 11.1.
P1
P2
C

Homeowner experienced some phenomena p s/he cannot explain.
Explanation e best explains phenomena p.
Therefore, e is the case.
Table 11.1. Structure of explanation

The crux of each of the arguments revolves around P2 since each assumes (or argues)
that their explanation is the best explanation of the unexplained phenomena that the
homeowner experiences.
1. how does each of the three individuals explain phenomena p
• Brian Daily: the inspector
• Michelle McKay and her team (Matt, et alia.): the “reseacher” and host
• Nadine Mercy (the intuitive healer)
2. What are the limitations of each of the three explanations (if any)?
3. Can any of the individuals who investigate the phenomena be said to be impartial?
4. Which of the three explanations is the most plausible (and why); which of the
three explanations is the least plausible (and why)?

2 An example episode is Paranormal Home Inspectors, Episode 2, Mattina: https://www.youtube.
com/watch?v=I3mmztLiM98

Chapter 12

Should pseudoscience be taught
in schools?
12.1

Introduction

Pseudoscience and the paranormal are generally not a part of one’s science education,
but many people have pseudoscientific or paranormal beliefs. Is there anything wrong
with this? On the one hand, we might say that such beliefs are harmless, but consider
pseudo-scientific beliefs in acupuncture, touch-healing, reiki, and iridology (the view that
certain patterns or colors in one’s iris is informative of a person’s health) can postpone
receiving adequate medical care. Belief in the paranormal can do the same and be costly.
For example, Asser and Swan report that in children “[w]hen faith healing is used to
the exclusion of medical treatment, the number of preventable child fatalities and the
associated suffering are substantial and warrant public concern.” 1 In adults, compared
the graduating classes (from 1934-1983) from two colleges: (i) Christian Scientists from
Principia College and (ii) undergraduates from the University of Kansas in Lawrence.
Simpson found that the graduates from Principia had a significantly higher death rate.2
Even if beliefs in pseudoscience or the paranormal can be potentially dangerous, it
might nevertheless be argued that science educators should be unconcerned. The job
of the scientist and the science educator is to practice or teach science, not some area
that pretends to be science. The responsibility of debunking pseudoscience or exposing
fraudulent faith-healers belongs to individuals or to one’s family, friends, or journalists. Is
this the case, ought science education ought to instruct young people about pseudoscience
and the paranormal?

12.2

Key Terms

Before answering this question, it will be helpful to get clearer about what is meant by
“pseudoscience” and “paranormal”.

12.2.1

What is pseudoscience?

1 Seth M. Asser and Rita Swan. Child Fatalities From Religion-motivated Medical Neglect. PEDIATRICS Vol. 101 No. 4 April 1998.
2 William Franklin Simpson. Comparative Longevity in a College Cohort of Christian Scientists.
JAMA. 1989;262(12):1657-1658.
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Definition – pseudoscience
“a systematic body of propositions, practices, and attitudes that gives the appearance of being a science but is not.” a
a Michael Martin. 1994. Pseudoscience, the Paranormal, and Science Education. Science &
Education 3:357-371.

Martin (p.361) distinguishes two different properties of pseudoscience: surface properties and depth properties. The surface properties are the properties that make
pseudoscience appear as though it is a science. Some of these surface properties include:
1.
2.
3.
4.

the use of technical language
it being practiced by individuals who attest to its efficacy
it being defended and argued for by various practitoners
the existence of special organizations, societies, journals, and schools that support
it

The depth properties are the properties that reveal the pseudoscience as unscientific.
1. it being untested, unfalsifiable, perhaps already refuted
2. relying on the general practice of explaining away any falsifying results
3. typically recognizes itself as an alternative to science, not critically engaging
mainstream science in any meaningful way
4. refusing any critical engagement

12.2.2

What is the paranormal?

Definition – paranormal
A phenomena P is paranormal if and only if (a) P is not explainable in terms of
current scientific theory; (b) P cannot be explained scientifically without significant
revision; (c) P deviates from our normal expectations about things associated with
P.a
a See p.363, Michael Martin. 1994. Pseudoscience, the Paranormal, and Science Education.
Science & Education 3:357-371.

1. the paranormal and the scientific are not completely at odds: paranormal phenomena might be explainable by science.
2. not all paranormal phenomena is pseudoscientific: faith-healing, does not pretend
to be scientific, just divine intervention
3. not all pseudoscience is rooted in the paranormal: a chiropractor does not point to
paranormal phenomena to explain why his/her treatment works.

12.3 Examples

12.3
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Frances Atherton in Old Botany. Across from Old Botany on Pollock Road
is the grave of George Atherton. A number of students have claimed to see an
apparition thought to be Frances Atherton, George Atherton’s wife, in the upstairs
window, starring at her husband’s grave.
Charles Schwab in Schwab Auditorium. A number of students have reported
seeing various apparitions in Schwab auditorium. Some individuals have claimed
that it is the ghost of Charles Schwab, Penn State trustee and funder of the
auditorium.
cryptids. A cryptid is any being whose existence is not determined by science to
exist. These include beings that may never have existed or those beings thought
to have gone exist but now are purported to currently be alive.
Definition – cryptozoology
Cryptozoology is the study of cryptids.
Some cryptids are either so fantastic these days that they are no longer believed (see ??,
while others have been confirmed to be hoaxes (Figure 12.2).

Figure 12.1. The Ayia Napa sea monster. From John Smith Moffat, Travels in the Eastern
Mediteranean, Published 1889

Figure 12.2. The jackalope is a jackrabbit with antelope horns.
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Attachment therapy. Clinical intervention used to cure violent, disobedient,
or unattached/unaffectionate children (often adopted or foster children) through
the use of restraint and/or physical/psychological abuse. The least extreme and
most common form is holding therapy, where a therapist or parent holds a child
during a violent episode in the aim of helping the child release rage. The idea
is that once a child has released his/her rage, they will be reduced to a helpless,
infant-like state, and they can then be “reparented” to behavior appropriately
and/or show affection. A more extreme version is “rebirthing” which involves a
simulation of the trauma of being born again, usually by wrapping the child from
head to toe in blankets/pillows and then pushing the blankets/pillows to simulate
contractions.
Quantum consciousness-theory. a set of theories and practices that tie consciousness (the mind) to aspects of quantum mechanics. Thought to be accepted
by both Erwin Schrödinger and Werner Heisenberg. The theory is often associated
with the observer effect, namely that the observations (the mind of an observer)
influences quantum events.
Torsion field theory. Torsion field theory is a theory of energy produced by the
spin of quantum particles, based on Einstein-Cartan theory and some solutions to
Maxwell’s equations. The theory is a “theory of energy in which the quantum spin
of particles can be used to cause emanations lacking mass and energy to carry
information through vacuum orders of magnitude faster than the speed of light
(Wikipedia, 2016).” Funding for torsion field theory for 1987 was approximately 7
million dollars.

12.4 No, pseudoscience should not be taught in schools

12.4
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There are, perhaps, a couple reasons for this:
1. pseudoscience is, by definition, not science. It is an activity pretending to be
scientific and so it should not form a part of one’s science education.
2. claims concerning the paranormal are scientifically questionable and so (i) science
is not concerned with them and it should not form a part of one’s science education
3. there is perhaps a worry that these topics might encourage people to believe in
pseudoscience or the paranormal
4. pseudoscientific and paranormal are sometimes intertwined with religion, and there
is a worry that science education should be completely independent of anything
religious in nature.

12.5

Yes, it should be taught in schools

In determining whether pseudoscience or the paranormal should be taught in schools,
it is worthwhile to consider how it is taught. Students might be taught to accept
pseudoscientific claims or to critically evaluate these claims. Assuming that were science
educators to teach about the pseudoscience and the paranormal, it would follow the
latter route, we might attempt to answer “yes” by considering two different views on
science education:
Definition – Science Education - View 1
The goal of science education is primarily to transmit factual information and
methods to students. Whether this information has any application to their real
life is unimportant.
On this view of science education, the educator’s aim is to teach students about cells,
physical laws, atoms, and how to investigate physical and biological phenomena. Whether
this benefits the student’s daily life is possible, but not an important consideration.
Definition – Science Education - View 2
The goal of science education is primarily to transmit factual information and
methods to students. but this information should have some application to their
real lives.

12.6

Conclusion

Discussion 1 Consider the following questions in a group. Do you think pseudoscience and the paranormal should be taught in schools? Why or why not?

Chapter 13

Pseudoscience & the paranormal:
Examples
13.1

Pseudoscience

13.1.1

The lunar effect

Some teachers, nurses, police officers attest to the lunar effect. The lunar effect is the
purported effect of the moon on human behavior. In particular, proponents of the lunar
effect contend that there is a causal connection (not due to light alone) between the
stages of the Earth’s lunar cycle and the behavior of human beings. The moon is claimed
to have an effect on female fertility, birth rates, blood clotting (blood is less likely to
clot), on mentally ill individuals (making them more violent), and voter behavior.
Various explanations of the lunar effect are sometimes made to look scientific by pointing
to the real effects of the moon on the earth. For example, it is known that the moon
exerts a gravitational force of the moon, and this influences the tides. This scientific
explanation is extended to other phenomena associated with the lunar effect (e.g. violent
behavior of criminals). The idea is that since the moon effects the tides, it must also
effect human beings. In particular, since the human body is composed primarily water,
the moon’s gravitational force must exert a force on the water in humans, and thereby
cause changes to human behavior.
This belief is pseudoscientific and rests on a misunderstanding of the how much
gravitational force the moon exerts on the earth. Namely, the moon’s gravitational force
is so weak that it exerts less force on a human than a mosquito.1
1 Abell, George. "The Alleged Lunar Effect" in Science Confronts the Paranormal, edited by Kendrick
Frazier. (Buffalo, N.Y.: Prometheus Books, 1986).
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13.1.2

Phrenology

13.1.3

Polygraphs

13.1.4

Hypnosis

13.1.5

Alternative medicine

13.1.6

Bates method

13.1.7

Crystal healing

13.1.8

Therapeutic touch

13.1.9

Creation science

13.1.10

13.2

Intelligent design

The paranormal

13.2.1

Ghosts

13.2.2

Cryptids

13.2.3

Extraterrestrials and UFOs

13.2.4

Werewolves, Vampires, Zombies

13.2.5

Reincarnation

13.2.6

Telepathy

13.2.7

Telekinesis

13.2.8

Clairvoyance/ESP

13.2.9

Chakras

13.2.10

Auras
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Chapter 14

How to demarcate science from
pseudoscience
14.1

Introduction

In this handout, we will look at the article by Martin Mahner “Science and Pseudoscience:
How to Demarcate after the (Alleged) Demise of the Demarcation Problem”.

14.2

Philosophy of Science and the Demarcation Problem

One goal of philosophy of science has been to demarcate science from nonscience and
pseudoscience. This goal has proven so difficult that many philosophers have given up.
Definition – demarcation criteria
Demarcation criteria for science are rules, conditions, properties used to set sharp
boundaries for, to distinguish, to separate science from nonscience and pseudoscience.
Giving up, however, is problematic since there is a demand from the general public,
funding agencies, and science educators for a demarcation principle.

14.2.1

Why is it so difficult

In general, demarcation criteria either overdetermines or underdetermines what
counts as science. That is, it counts practices that should not count as science (criteria
are too tolerant or too wide) or excludes practices that should count as science (criteria
are too strict or narrow).
Example 1: Astrology and falsificationism
Suppose we accept the falsificationist criteria that something counts as science iff it
is falsifiable (there is at least one conceivable observation / experiment that would
falsify it). Astrology contends that there is a specific connection between certain
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zodiac signs and the behavior of humans. This is falsifiable, therefore science. But,
no one thinks that astrology is science.
More specifically, there are a variety of problems that make coming up with a demarcation
criteria difficult.
1. need to distinguish not only between science and pseudoscience, but also science and nonscience (e.g. other forms of knowledge, philosophy? literature?
humanities?)
2. need to distinguish between good science and bad science (sloppiness, bad data
collection, poor experimental design)
3. need to distinguish determine whether a protoscience is a science “Protoscience”
refers to early science or a discipline that bears some aspects of science that may
become science, e.g. evolutionary psychology.
4. need to determine between heterodoxy and pseudoscience. “Heterodoxy” just
refers to a scientific but non-orthodox view. It is an alternative to the accepted
scientific picture.
5. is there one science or many sciences? If there is one science, then perhaps we
can characterize the single subject matter and method it uses (e.g. physics: all
other sciences reduce to it). If there are many sciences, then we may need a set of
criteria
6. is there a single criterion or many criteria? A single criterion might be falsifiability.
Multiple criteria could include falsifiability as well as fertility, testability of
auxiliary hypotheses, application of a particular method, etc.
7. is it ahistorial or time-dependent? Are the old sciences really sciences then and
now? Or does what counts as science depend upon the time-period?

14.2.2

There is just no way to demarcate

Some philosophers have argued that there is just no way to demarcate science from
nonscience. They argue instead that we ought instead to demarcate reliable (warranted)
and unreliable (unwarranted) knowledge. The use of terms like “science”, “nonscience”,
and “pseudoscience” don’t really do any work other than political or emotive work.
That is, we call disciplines we like “science” and ones that we don’t “nonscience” or
“pseudoscience”.
Objection 1. If this were the case, then why would so many people care about the
demarcation criteria? Are we all really under some kind of illusion? Why wouldn’t there
be an end to philosophy of science in the university?
Objection 2. Some philosophers of science that note that there is no demarcation
criteria try to find an ahistorical criteria. It might be more profitable (easier) to find
one that is “time-dependent”. The science of Aristotle and Galileo is not the science of
Einstein.
Objection 3. Even if we accept the distinction between reliable and unreliable
knowledge as important, we might want to say that there is a restricted form of reliable
knowledge that is called “science”. That is, we might accept that disciplines other than
science can give us reliable knowledge, but the kind of reliable knowledge that scientists
provide is distinctive, e.g. more rigorous, more epistemically privileged.
Discussion 1 Consider the following questions in a group.
1. Do you think we need to be able to distinguish science from non-science? Or, is all
that matter being able to distinguish reliable from unreliable knowledge? What
does the former distinction give us that the latter doesn’t?
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2. Do you think it is even possible (given all of the problems) to distinguish science
from nonscience, pseudoscience, and so on?

14.3

Why we want demarcation criteria?

Despite the fact that finding demarcation criteria is difficult, it is nevertheless desirable
since many of the decisions we make on a daily basis often rest on the distinction.
Consider the following questions:
1.
2.
3.
4.
5.
6.

seems necessary to determine which methods / procedures we should trust
should insurances cover non-scientific procedures, e.g. magic potions, homeopathy?
should liar detectors be admissible in court?
should the police use clairvoyants to solve crimes or search for missing people?
should tax dollars go to pseudoscientific or paranormal investigations?
should social-political decisions in a democratic society be determined by religious
ideology or superstition?
7. if a doctor prescribes a “quack” remedy and the patient dies, should s/he be held
legally responsible?
8. should astronomy be taught instead of astrology?
9. should creationism be taught instead of evolution?

14.4

How to Demarcate

Mahner proposes a sketch of a solution to the demarcation problem.
1. what are demarcated are fields of knowledge: a set of practices and people that
aim at getting knowledge.
(a) diverse fields (need not be “scientific”): astrology, astronomy, physics, etc.
(b) subfields: within biology, ecology
2. no single criterion that separates science from nonscience/pseudoscience. Instead,
we should make use of a checklist. That is, we have a set of “science indicators”

14.4.1

Science indicators

Mahner provides a list of science indicators. These include (?):
1. discipline involves a research community vs. “loose collection of individuals doing
their own thing” (p.38)
2. there is a mutual exchange of information vs. single authority handing down
information
3. free to research and publish vs. censorship according to ideology
4. investigation of observable (or concrete) things vs. unobservable (non-concrete /
spiritual) things
5. presuppose a natural, causal, lawful universe vs. supernatural, chance, chaotic
universe.
6. accept vs. reject laws of logic (deductive logic, statistics, etc.)
7. fallibilistic vs. dogmatic
8. testability and criticism allowed vs. non-testibility
9. is data and experiments reproducible or not?
10. does the theory evolve by a method of correction or does it stay the same over time
11. . . .
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• Rather than saying what counts as “science” is meeting all or some specific set of
the scientific indicator, Mahner says that you only need to meet a certain number
• different scientific fields might meet different criteria but both might count as
science. You only need to meet “enough” features
• another modification involves weighting. We might say that some indicators
should count more than others, viz., not all of the indicators are on an equal level,
e.g. novel predictions vs. less ad hoc explanation of things we already know vs.
testability.
In short, Mahner replaces the idea of finding a single demarcation criteria for science
with what might be called delineation criteria for science
Definition – delineation criteria for science
Delineation criteria for science are a cluster of rules, conditions, properties that a
practice must have some combination of in order to count as a science (if it doesn’t,
then it is potentially a pseudoscience or nonscience).
Discussion 1 Consider the following questions in a group. In a group, on a
piece of paper:
1. in an enumerated (numbered) list, list as many scientific indicators you can think
of (you can use the list he provides as a guide, include at least ten)
2. Second, go through the list and rank each in terms of importance. You can use a
ranking of 1-10 (10 being most important) or some other scheme, e.g. 1-3 (3 being
most important).
3. Next, in a paragraph, explain how many indicators (or points) a field of knowledge
must meet in order to qualify as a science.
4. Finally, show how your list works by picking two fields of knowledge (one science
and one nonscience (or pseudoscience), and then using the list to show that what is
intuitively a science gets counted as a science while what is intuitively nonscience
(pseudoscience) does not get counted as a science.

Chapter 15

Paranormalism and
Pseudoscience as Deviance
15.1

Rational people but irrational beliefs

In this handout, we will look at an article by Erich Goode titled “Paranormalism and
Pseudoscience as Deviance”.
Definition – Rationalist view of human behavior
The view that (i) human beings are rational and (ii) that an increase in the intelligence of society (education, understanding of scientific methods and knowledge)
results in a decrease in the belief in pseudoscience, the paranormal, superstitions.
What is surprising then is that (i) a large number of people have paranormal, irrational,
and pseudoscientific beliefs and (ii) there has been an increase in the number of people
who have these beliefs. With respect to the former, a number of polls find that (i) 65
percent of people say they had one of eight supernatural experiences and (ii) roughly
two-thirds of Americans have some sort of pseudoscientific belief. Polls also seems to
indicate that these sorts of beliefs are becoming more common:
We might ask a variety of questions concerning this information:
1. why do so many people have pseudoscientific and paranormal beliefs?
2. why are more and more people having these beliefs?
3. what types of social groups believe in the paranormal and pseudoscientific
Goode focuses on the latter of these questions, sketching five different pseudoscientific
belief systems according to the social dynamics of the individuals that have these
beliefs.

15.2
15.2.1

Five Pseudoscientific Belief Systems
Client-Practitioner

The first group consist of practitioners in a pseudoscientific field and their clients. The
practictioners are usually thought to be “experts” in their field, sometimes due to training,
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Belief that you have “been in touch with the dead”
30

20

10

1990

2009

Figure 15.1. Increase from 17 percent in 1990 to 29 percent in 2009

Seen or been in touch with a ghost
30

20

10

1990

2009

Figure 15.2. Increase from 9 percent in 1990 to 18 percent in 2009

life experiences, and other times due to being born with a unique ability. These include:
tarot card readers, healers, psychics, paranormal investigators and their customers
More controversial examples include life coaches or certain forms of new age therapy.

15.2.2

Religious Groups

A second group stems out of religion. Goode points to how in the United States the
separation of Church and State led to a removal of religious education in the classroom.
Certain religious groups have thus tried to dress up certain religious beliefs (views) as
though they were were scientific. The most prominent examples include Creationism
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and Intelligent Design.
Definition – Creationism
Creationism is the theory that (i) the universe and all life on earth originated in
an act of divine creation, (ii) that the Genesis creation account in the Bible should
be interpreted literally, and so that (iii) the earth was created in six days roughly
ten thousand years ago.
Because of the Supreme Court ruling (Edwards v. Aguilard ) that creation science “was
nothing but religion dressed up as science”, many proponents have rebranded Creationism
under the name Intelligent Design.
Definition – Intelligent Design
Certain objects and features of the universe are best explained through the existence
of a divine (intelligent) cause, e.g. complex parts of the human body are best
explained in terms of a intelligent designer rather than through evolution by natural
selection.

15.2.3

“Scientists”

This group of individuals practice the “form” of science but are not accepted by the
mainstream scientific community. Their methods and research is rejected. In addition:
1. don’t have clients but are instead independent researchers
2. often make use of tests, have laboratories, publish papers, belong to professional
communities
3. are educated (have doctorates) from accredited universities
One example includes parapsychologists.
Definition –
Parapsychology is the study of psychic phenomena, e.g. telepathy (mind-reading),
clairvoyance (ability to see the future), psychokinesis (move objects with mind),
and other paranormal like phenomena having to do with the mind.

15.2.4

Grass-Roots

Group of individuals not dependent upon (i) practitioners, (ii) religious groups, (iii)
independent researchers, but consisting of the general public.
1. beliefs are often reinforced by movies or TV
2. beliefs sometimes encourage by the media
3. examples include things like UFOs, various cryptids like Bigfoot,

15.2.5

Cranks

Cranks are usually individuals
1. who work in relative isolation of the scientific community.
2. Their goal is less about trying to develop science and more toward trying to overturn
or radically revolutionize the entirety of science or a scientific field.
3. often believe themselves to be geniuses
4. propose theories that are generally not testable, rejected by the scientific community
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5. not usually members of scientific organizations, academies, etc.
6. hostile to how science is done (scientists are dogmatic, braindead, slaves)
Discussion 1 Consider the following questions in a group.
1. why do you think so many people believe in the paranormal or have pseudoscientific
beliefs?
2. why do you think more and more people are believing in things that are pseudoscientific?
3. do you think belief in pseudoscience is a problem for society or for science?

15.3

Two Case Studies

Let’s look at two case studies involving pseudoscience / paranormal. In looking at both,
we’ll focus on two questions:
1. why and what types of people people believe in the pseudoscience?
2. is belief a problem for science?

15.3.1

Astrology

Astrology is claimed to be a pseudoscience.
Definition – Astrology
system of thought that contends that the size, location, and movement of planets,
the sun, and the moon influence both the behavior and the destiny of human
beings.
Astrologists typically fall into the class of clients and practitioners. The major
problem for practitioners of astrology is credibility (p.152).
1. some astrologers are trained, but they tend to receive their education at unaccredited
institutions.
2. typically gain credibility through the practice of their craft
What is the astrologist’s goal?
1. need to utter something that the client wants to hear
2. need to utter something that the client finds unusual, remarkable, unbelievable
3. need to utter something that the client can observe or experience.
How do they convince their clients? That is, how do they achieve this goal?
1. begin with cold reading, description that fits almost everyone but people are
astonished how accurate the description is1
2. description usually focused on things everyone cares about, e.g. love, money, family,
personal development.
3. often make use of information they have based on superficial appearance, e.g.
weight, social class, hair, etc.
4. leads people to grant the astrologist credibility. How would s/he know that if s/he
wasn’t psychic?
Is astrology a problem for science? Likely not. There are at least two reasons:
1 https://www.youtube.com/watch?v=I6uj1ruTmGQ
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1. Belief in astrology is strongly tied to education. The more educated you are, the
less likely you are to believe in astrology (see pp.151-152).
2. It is easily debunked. Individuals who are not astrologers are capable of following
the stock method of astrologists and yielding the same results.

15.3.2

Parapsychology

Parapsychology is claimed to be a pseudoscience.
Definition – parapsychology
The study of any of the following mind-to-matter or mind-to-mind phenomena:
(i) telepathy (communication by the mind alone), (ii) clairvoyance (ability to see
things beyond sensory contact, e.g. ghosts, angels, buried objects, the future, the
past), (iii) psychokinesis (ability to move objects with the mind), and (iv) psychic
healing (ability to heal people with the mind).
The phenomena that parapsychology studies is known as “psi”. Many people believe in
psi or that people have parapsychological powers.
1. 41 percent of people in some form of psi (any of the above four). That is 100
million Americans.
2. 31 percent believe in telepathy
3. 26 percent believe in clairvoyance
4. 21 percent believe in communication with the dead
5. 17 percent believe in psychokinesis
In contrast to astrology, there are a number of parapsychologists. This social group is
the group of “scientists”:
•
•
•
•
•

many have PhDs
they conduct research, do experiments, write papers
know the techniques and procedures of mainstream science
don’t claim to have psi themselves, only aim to investigate it scientifically
many contend that their research methods are rigorous

If parapsychological researchers are highly educated individuals, trained in scientific fields,
and making use of the methods of science to investigate psi, then why isn’t parapsychology
a science? In other words, is this a problem for science? No, conventional scientists
don’t believe in parapsychology and raise at least two objections.
Objection 1. Parapsychologists don’t provide a convincing explanation of
the mechanism by which psi activity occurs.
Physicists explain how physical events occur using mass, friction, velocity, etc. Biologists
explain biological events using molecules, cells, etc. Scientific explanations tend to posit
material objects and give accounts of how various events occur by explaining how these
material things interact. Parapsychologists, it is argued, cannot give an explanation of
how psi activity occurs in a completely material way (they need to invoke some sort of
spiritual force).
Objection 2. Reproducibility of Experiments Experiments done on psi activity to
indicate its existence is often not reproducible. This creates skepticism on the part of
mainstream scientists. Parapsychologists argue that this is due to the fact that psi is a
fragile, delicate, temperamental phenomena so doesn’t lend itself to reproducibility at
times. This response is seen as ad hoc.

15.4 Is Pseudoscience a problem for Science?
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Is Pseudoscience a problem for Science?

We looked at two cases studies of a pseudoscience and focused on two social groups who
believe in that particular pseudoscience. Are there any general reasons why pseudoscience
isn’t a problem for science?
Yes, in general many pseudosciences and the people who either believe them or do
research in them are treated as deviants by the scientific community.
Definition – deviant
A discipline and its group are deviants iff they evoke a negative reaction from a
certain social group.
Exactly how does the scientific community treat pseudoscientists and pseudoscience as
deviant?
1. negatively labeled as “crackpots”, “kooks”, “weirdos”, etc.
2. scientists who publish on pseudoscience are alienated (sometimes peers try to get
them fired)
3. pseudoscientists generally not hired at universities
4. teachers who believe in pseudoscience are told not to teach it (e.g. Creationism)
5. pseudoscientific results not put on display in major museums
6. results not published in recognized scientific journals
7. results generally not distributed through serious newspapers
8. politicians who believe in pseudoscience generally not elected
9. American Association for the Advancement of Science (AAAS) does not recognize
it as a science
10. graduate students strongly advised not to study pseudoscientific areas (e.g. parapsychology)

Chapter 16

Science and pseudoscience: the
practical difference
16.1

Introduction

In this handout, we will look at the article by Michael Shermer “Science and Pseudoscience:
The Difference in Practice and the Difference It Makes”.

16.2

Polls concerning beliefs about pseudoscience and
the paranormal

More information on how prevalent believe in the paranormal and pseudoscience:
God
Miracles
Heaven
Jesus is God
Angels
Survival of soul after death
Resurrection of Jesus
Hell
Virgin birth of Jesus
The devil
psychic (spiritual) healing
Ghosts
Demon possession
ESP
Creationism
Haunted Houses
UFOs
Telepathy
Clairvoyance
Witches
Reincarnation

82
76
75
73
72
71
70
61
61
60
55
42
42
41
40
37
32
31
26
23
20

Table 16.1. Pseudoscientific beliefs
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Discussion 1 Consider the following questions in a group.
1. do you find any of these percentages striking (e.g. higher than expected, lower
than expected)?

16.3

Pseudoscience in court

We’ve considered what defines science and how science might be demarcated from the
paranormal and pseudoscience. In addition, we’ve considered the issue of whether
pseudoscience might appropriately be taught in the classroom.
But what role has the definition of science and the use of some principle of demarcation
played in social and legal contexts? Has a definition of science been more than an
interesting theoretical issue for scientists and philosophers of science to think about?
In this handout, we will examine efforts to incorporate creation science (creationism)
and intelligent design (ID) into the classroom.

16.3.1

Separation of Church and State

In the United States, the first amendment involves a clause that creates a separation of
Church and State. This clause is known as the Establishment Clause in the First
Amendment and reads “Congress shall make no law respecting an establishment of
religion”. Prior to Everson v. Board of Education (330 U.S. 1 (1947)), this establishment
only applied to the federal government. Everson v. Board of Education ultimately
extended the Establishment Clause to the States:
“The ‘establishment of religion’ clause of the First Amendment means at least
this: Neither a state nor the Federal Government can set up a church. Neither
can pass laws which aid one religion, aid all religions or prefer one religion
over another. Neither can force nor influence a person to go to or to remain
away from church against his will or force him to profess a belief or disbelief
in any religion. No person can be punished for entertaining or professing
religious beliefs or disbeliefs, for church attendance or non-attendance. No
tax in any amount, large or small, can be levied to support any religious
activities or institutions, whatever they may be called, or whatever form
they may adopt to teach or practice religion. Neither a state nor the Federal
Government can, openly or secretly, participate in the affairs of any religious
organizations or groups and vice versa. In the words of Jefferson, the clause
against establishment of religion by law was intended to erect ‘a wall of
separation between Church and State.” ’ (330 U.S. 1, 15-16).

16.3.2

Arkansas Act 590

The Arkansas Act 590 of 1981 was an act that required public schools given equal
time to evolution and creation science.
Definition – Creation science
"Creation-science" means the scientific evidences for creation and inferences from
those scientific evidences. Creation-science includes the scientific evidences and
related inferences that indicate:
1. Sudden creation of the universe, energy, and life from nothing;
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2. The insufficiency of mutation and natural selection in bringing about development of all living kinds from a single organism;
3. Changes only within fixed limits of originally created kinds of plants and
animals;
4. Separate ancestry for man and apes;
5. Explanation of the earth’s geology by catastrophism, including the occurrence
of a worldwide flood;
6. A relatively recent inception of the earth and living kinds.
Act 590 was signed into law on 19 March 1981. By 27 May 1981, a suit was filed arguing
against its constitutional validity, and by 7 Dec 1981 a trial began to determine its
validity.
The argument then is that if creation-science is a religion dressed up as a science, then it
would violate the Establishment Clause of the 1st Amendment and the extension of this
clause by Everson v. Board of Education.
With respect to Act 590 then, federal judge William R. Overton ruled against creationists
on the following grounds:
1. Creation-science involves an “inescapble religiosity”. Its central tenets invoke a
supernatural creation by God.
2. The theory of evolution is not a religious or anti-religious doctrine since it does
not presuppose the existence or non-existence of God.
3. Creationists make use of an illegitimate form of reasoning (appealing to ignorance
fallacy) to argue that creation-science is a science. Namely, they argue that any
evidence that does not support evolution counts as scientific evidence in support of
creationism.
4. Creationism is not science since science is
(a) guided by natural law
(b) its explanations must be made by reference to natural law
(c) it needs to be testable against the empirical (observable) world
(d) it must be falsifiable
However, there are other attributes to science and there are other aspects to consider
here. Let’s consider a few of the arguments put forward in Act 590 as to why creation
science should be taught in school:
1. Evolution-only education treats evolution as an uncriticizable dogma. “Only evolutionscience is presented to students in virtually all of those courses that discuss the
subject of origins. Public schools generally censor creation-science and evidence
contrary to evolution.”
2. It is against freedom of speech. “Public school presentation of only evolution-science
without any alternative model of origins abridges the United States Constitution’s
protections of freedom of religious exercise and of freedom of belief and speech
for students and parents, because it undermines their religious convictions and
moral or philosophical values, compels their unconscionable professions of belief,
and hinders religious training and moral training by parents.”
3. Non-religion is a religion. “Public school presentation of only evolution-science furthermore abridges the Constitution’s prohibition against establishment of religion,
because it produces hostility toward many Theistic religions and brings preference
to Theological Liberalism, Humanism, Nontheistic religions, and Atheism, in that
these religious faiths general include a religious belief in evolution.”
4. Evolution-only education denies students academic freedom. “Public school instruction in only evolution-science also violates the principle of academic freedom,
because it denies students a choice between scientific models and instead indoctrinates them in evolution-science alone.”
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5. It is intolerant of people who have religious beliefs that are in conflict with evolution
and doesn’t provide an adequate practical alternative. “Presentation of only one
model rather than alternative scientific models of origins is not required by any
compelling interest of the State, and exemption of such students from a course
or class presenting only evolution-science does not provide an adequate remedy
because of teacher influence and student pressure to remain in that course or class.”
6. Creation science is an alternative science. “Creation-science is an alternative
scientific model of origins and can be presented from a strictly scientific standpoint
without any religious doctrine just as evolution-science can, because there are
scientists who conclude that scientific data best support creation-science and
because scientific evidences and inferences have been presented for creation-science.”
7. Creation science would be taught as a science, not as a religion. “Public school
presentation of both evolution-science and creation-science would not violate the
Constitution’s prohibition against establishment of religion, because it would involve
presentation of the scientific evidences and related inferences for each
model rather than any religious instruction.”
Discussion 1 Consider the following questions in a group.
1. Which of the above arguments put forward in Act 590 do you find the most
compelling?
2. Do you think the response from William R. Overton adequately addressed all of
the arguments raised by Act 590? If not, what would you need to add to rule
against Act 590?
3. Even if you don’t think that creation-science is a science, do you think that
creation-science should be taught in schools?

16.3.3

Intelligent Design in Pennsylvania

It was determined by Edwards v. Aguillard, 482 U.S. 578 (1987) that creation-science
could not be taught in public schools. This led proponents of creation-science to re-brand
it as intelligent design (ID).
1. Thomas More Law Center (TMLC) traveled the country looking for schools who
would teach ID.
2. recommended the textbook Of Pandas and People by Percival Davis and Dean H.
Kenyon
3. would provide legal representation if a suit was brought against the school board
4. found a school board in Dover, PA willing to use the text.
5. school board agreed that students will be “made aware of gaps/problems in Darwin’s
theory of evolution and of other theories of evolution including, but not limited to,
intelligent design” (p.212). So, they were requiring biology instructors to point out
problems with evolution and make students aware of the alternatives.
6. was not planning on teaching ID in the classroom (that is, no discussion of the
origin of life) and students would not be tested on that material. Instead Darwin’s
theory of evolution would be taught and tested. Of Pandas and People would be
made freely available to students (money was raised privately)
7. teachers were not to discuss the origins of life (left to parents and students)
Eleven parents objected to this school board policy and they (along with the ACLU)
filed suit against the Dover Area School District. The prosecution aimed to show that (i)
ID was simply another name for creation-science, which by Edwards v. Aguillard, 482
U.S. 578 (1987) could not be taught in schools, and (ii) ID was not science.
The case for ID being creation-science in disguise was made on
1. the authors had written works on creation science
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Figure 16.1. Creationist textbook

2. the book Of Pandas and People was originally titled Creation Biology, then later
Biology and Creation
3. earlier versions of the book contained definitions of “creation” which were swapped
out for “intelligent design”
The case for ID not being a science was made on similar grounds as creation-science not
being a science:
1. ID is untestable, therefore an alternative but nonscientific view
2. ID denies methodological naturalism, a key tenet of all science
3. uncertainties, problems, issues in science should not count as evidence for a nonscientific hypothesis; “if science cannot explain X, then my explanation for X is true”
(p.219). For example, you cannot definitely prove to me that this blurry photo I
have isn’t a UFO, therefore my hypothesis that it is a UFO is true.
Further, there is a separate issue of whether or not the theory of evolution is hostile to
the religious belief in a divine creator. If it denies the existence of a creator, then it might
be argued that the theory of evolution is a kind of anti-religion in disguise. However, the
justification for evolution being taught in school is partly because it is secular; that is,
it does not state whether or not God exists or not. It neither presupposes nor denies
that the origin of all life depends upon a divine creator.
Discussion 2 Consider the following questions in a group.
1. Consider the following argument: The courts ruled incorrectly concerning ID. In
contrast to the creation-science case, there wasn’t an effort to teach and test students
on ID, but merely to inform them of (i) problems with evolution and (ii) alternative
hypotheses (ID being one of them). The scientific establishment and the ACLU are
simply anti-religious, dogmatic, and anti-intellectual since they won’t even allow
students to hear the case for ID and make up their minds. What, if anything, is
wrong with this argument?
2. should creation-science or ID be allowed in schools?

Chapter 17

Are we evolved to believe in the
pseudoscientific and paranormal?
Let’s assume that many people do have beliefs in the paranormal or that can be classified
as pseudoscientic (paranormal). How best do we characterize these beliefs and the people
that hold them? In addition, why do people belief in the paranormal or pseudoscience?
On the one hand, we might hold what we will call the irrationality thesis:
Definition – irrationality thesis concerning pseudoscience and the
paranormal
Anyone who believes anything that is either pseudoscientific or paranormal in
nature is irrational (not logical, not reasonable).
In claiming that individuals who believe in ghosts or crystal-healing is irrational, what is
meant here is that they are acting irrational in this specific respect (not that they are
completely irrational or all of their beliefs are unjustifiable). In charging these individuals
with being irrational, we can distinguish several different forms of irrationality:
epistemic irrationality: an individual is irrational if they believe P when P is
not supported by adequate evidence, method, or argument.
semantic irrationality: an individual is irrational if they believe P when P is
known to be false.
practical irrationality: an individual is irrational if they believe P when there
is no practical reason for believing P.
Let’s consider the charge of practical irrationality. When talking about belief in a
proposition P being practically rational or practically irrational, we are not concerned
with the evidence for P or the truth of P. Instead, we are solely focused on how P
benefits or harms the individual.
Example 1: Everyone is out to get me.
Suppose someone is highly paranoid. They believe that the general public bears
strong animosity toward them. As a result of this, the person does not leave their
apartment, is unable to maintain any relationships, and is, on the whole, unable
to enjoy life.

Example 2: Water hydrates.
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Suppose you believe that water hydrates. There is practical benefit since knowing
that water hydrates will allow you to avoid thirst.
Third, they may be cases where it is practically ir/rational to believe P even if one lacks
evidence for the truth of P. That is, it might be practically irrational/rational to believe
P even if it is epistemically irrational to believe P.
Example 3: Cheating partner.
Suppose you are in a long-term relationship. You don’t know for sure if your
partner is cheating on you when you are not around. How should you act? You
can act in a way consistent with not-knowing whether they are cheating on you.
That is, you can believe that they might be cheating on you. Or, you an act in a
way that is consistent with the belief that they are not cheating.
It may be practically beneficial for you to believe that your partner is not cheating.
If you act mildly suspicious that they are cheating, your might act slightly guarded.
Acting in this way could lead to your relationship becoming strained since your
partner might take offense to your lack of full confidence in them. If you act with
full confidence that they are not cheating, you might, as the saying goes, “put your
guard down” and your partner might do the same.
With these distinctions in place, it is now possible to ask whether it is ever practically
rational to believe in pseudoscience or the paranormal.
For example, consider that one strand of paranormal belief involves ascribing agency
to inanimate objects. People think that houses are haunted by ghosts, they see some
object in the woods and contend it is Bigfoot, or they describe some natural occurrence
as being governed by some supernatural entity. Are such beliefs practically irrational?
Or, consider creationism, People think that evolution is false and that the origin of the
world and human life is better explained by the existence and action of an intelligent
being. Are such beliefs practically irrational?
Definition – rationality thesis concerning pseudoscience and the
paranormal
There are sometimes good (practical) reasons for holding beliefs that are either
pseudoscientific or paranormal.
Discussion 3 Consider the following questions in a group. Do you think individuals who believe in the pseudoscience and the paranormal are rational or irrational?
If rational, what benefit does such belief have for them? If irrational, how does the belief
harm them?

17.1

The Evolution of the Human Mind

One way to investigate whether it is ever rational to hold any paranormal (or pseudoscientific) beliefs is to consider why people believe in the paranormal. To do this, we will
need to provide a sketch of the human mind.
Consider the following two models of the mind:

17.1 The Evolution of the Human Mind
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Definition – General-Purpose (Social Science) Model of the Mind
The model of the mind that takes the mind to be a general-purpose learning
device that receives information from the external world and/or culture.
According to the general-purpose model, the mind can be understood as a kind of
blank-slate that receives content from society (and the world). Once received, the mind
is capable of operating upon that content in various ways (e.g. reasoning). On this
account, the mind is relatively partless. Content is received and various operations are
performed by the whole.
Definition – Modular (Nativist) Model of the Mind
The model of the mind that takes the mind to be a collection of multiple, innate,
content-rich, domain-specific structures.
According to the modular model, the mind can be understood as a mosaic of highlyspecialized structures. Each of these structures has evolved over time to handle specific
adaptive problems. That is, each part of the mind is the result of an adaptation to some
specific evolutionary problem. For example, parts of the mind are dedicated to dealing
with mating, group living, avoiding predators, tracking prey, etc.
The two models of the mind are extremes. Both accounts of the mind tend to incorporate
aspects of the other. Let’s accept some sort of middle ground and say that the mind is
composed of two basic levels. There is, the reflective (general purpose) layer of the mind
that is
1.
2.
3.
4.
5.

domain-general (general-purpose),
slow,
self-controlled and reflective
capable of considering a wide variety of information when making decisions
conscious

and the modular (intuitive) layer of the mind that is
1.
2.
3.
4.

domain-specific,
fast
uncontrolled (automatic) and unreflective
responsive to specific information, e.g. limited environmental cues when making
decisions
5. largely unconscious

We will call the two-leveled approach to the mind: the dual-processing model of the
mind.
Definition – Dual-processing model of the mind
The mind consists of two layers: a reflective layer and the modular layer.

modular part
dual-processing model
general-purpose part
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17.1.1

Intuitive Problem-Solving of Abstract Problems

If the human mind is a two-part structure, then we can give a systematic account of
error. Suppose the modular (intuitive) part of the mind is the result of an adaptation to
specific environmental problems. This part of the mind employs heuristics.
Definition – heuristic
A heuristic is a method, tool, or technique that solves a problem more quickly
than alternatives at the expense of exactness.
In employing a heuristic, the mind is making the decision to trade truth and accuracy
for speed and efficiency. Error can thus occur when people rely upon this part
of the mind to solve problems that are better left for the domain-general (abstract,
general-purpose) part of the mind.
Example 1:
"Linda is 31 years old, single, outspoken, and very bright. She majored in philosophy.
As a student, she was deeply concerned with issues of discrimination and social
justice, and also participated in anti-nuclear demonstrations."
Individuals considering this example are then asked to consider which of the two scenarios
is more likely:
• Linda is a banker
• Linda is a banker and a feminist.
A study shows that 85% of individuals will choose the second option. While eighty-five
percent of respondents chose the latter, the probability of two things happening together
is always less than or equal to the events occurring individually.
One explanation for this systematic error is that the fast, unconscious, intuitive-part
of the mind is employed rather than the slow, conscious, abstract-reasoning-part of
the mind. Rather than treating the Linda problem as an abstract problem concerning
probabilities, it treats the problem as one of cause-and-effect, interpreting the problem
as asking which of the two states more likely caused Linda to participate in anti-nuclear
demonstrations
Given this two-layer picture of the mind, we can now consider why people believe
pseudoscientific beliefs. According to Blancke and De Smedt (p.365), the “pseudosciences
tap into people’s intuitive understanding, thereby exploiting mental heuristics that have
evolved to respond efficiently to particular environmental and social situations.” What
they are claiming is that people hold pseudo-scientific (or paranormal) beliefs for similar
reasons they hold other non-pseudo-scientific beliefs that are the result of the modular
(intuitive) layer of the mind.

17.2 Creationism

17.2
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Creationism

Why do people decide to spurn scientific accounts of the origin of species (evolution)
for creationist accounts? And, if they do this, are they doing it as a part of a broader
methodology that can be characterized as rational or simply out of caprice?
The claim that we will investigate is that creationism taps into evolved mental heuristics:
1. processing information using essentialist explanations
2. processing information using teleological explanations
3. processing information using intentionalist explanations

17.2.1

Essentialism

Human beings seem to be inclined to process information about the world and their
surrounding using essentialist explanations.
Definition – Essentialism
Essentialism is the view that entities (e.g. species) have certain necessary (essential)
characteristics. These features underlie the thing (unobserved), are unchanging,
shared by all members of the species, and cause the thing to do what it does.
Essentialist thinking is intuitive in that it allows for quick and easy explanations for
why things behave the way they do without necessarily knowing the mechanism that
causes things to behave that way.
Example 1: Aggressive Men
To example certain actions of men (e.g. violent acdtions) by saying “Men are more
aggressive than women because of hormonal differences” is a kind of biological
essentialism - people say this without really knowing how hormones influence
aggression) or “men are more rational than women” (people say this but the
underlying cause is often not explained).
Essentialist thinking is also prevalent. It is found in children, young people, in different
cultures, and so forth.
As a heuristic that trades accuracy for speed, essentialist explanations, however, can run
into conflict with scientific explanations. Creationism, for example, contends that an
intelligent designer (God) created the world and in doing so separated life into distinct
species, each member sharing some core features that makes them belong to that species,
and these features resist evolutionary change. Dogs are what they are in virtue of having
some underlying features and they never change into something else.
Thus, one explanation for why people find creationism so attractive is because it is
essentialist and human beings have a natural disposition to thinking in essentialist ways.

17.2.2

Teleology

17.2.3

Hyperactive projection of agency (intentionality) in the
world

Another feature of creationism is that it posits God (or some kind of intelligent designer)
as the creator of life. That is, the human being in its current state did not evolve from
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earlier human-ape-like creatures but instead was created in its present state.
This aspect of creationism is thought to tap into three additional heuristics:
1. process the world as being filled with agents
2. process the agents as having intentions
3. process the world as agents being the primary entities that produce order
Since these are heuristics, they trade accuracy for speed, and sometimes this processing
gets things wrong. First, our recognition that the world is filled with agents might result
in a hyper-active projection of agency. Consider the following two experiences:
1. mistaking an inanimate object for a person: mistaking a mannequin for a person,
thinking you saw a person when it was really a shadow, hearing a sound and
thinking it is a burglar
2. mistaking a person for an inanimate object: mistaking a person for a mannequin.
Blancke and de Smedt (2013:369) that human beings are more prone to projecting agency
in inanimate objects (1) than (2). There are two evolutionary reasons for this.
First, if we think of predator-prey interactions, it is more beneficial for humans to
project agency where there is none (false positive) than to fail to project agency where
it is present (false negatives). It is more beneficial since it allows individuals to both
avoid predators and to hunt prey. In short, natural selection favors individuals with
hyperactive agency-detection as opposed to a depressed agency-detection.
Second, awareness of being watched plays an important role in our social lives. We
care about how people perceive us and their seeing us in a bad light might result in
social damage. From an evolutionary perspective, individuals may be (i) less willing to
cooperate with us, (ii) less willing to share resources with us, (iii) less willing to mate
with us.
The second heuristic involves ascribing intentions (reasons, beliefs) to agents. That is,
we interpret the behavior and actions of individuals as though it were guided by some
belief, some reason, some purpose. We use this ascription to make sense of why they did
what they did. For example, we say that John took a certain class because he thinks
it will help him in his career. Or, John gave Mary a present because he thinks doing
something nice will make her like him.
Again, there are evolutionary reasons why we developed these heuristics.
1. beneficial from a linguistic (communicative) perspective. If you can use the
intentional stance, then you can say (and interpret) more with less.
• Mary is upset with John; she tells him “there is the door”. John interprets
this as Mary saying you should leave.
• John likes Mary. He asks her to the dance. She looks somewhat uneasy,
and says she’ll have to think about it. John can interpret this as her saying
Probably not.
• John looks really thirsty. He walks up to someone and mutters a single word
“Water...” What does he mean?
2. predator-prey: knowing what another individual will do is helpful, especially if
they want to harm you.
Again, since this is a heuristic, their is a trade-off (accuracy for speed) and sometimes
this processing gets things wrong. Individuals sometimes over-attribute intentional
stances:
Example 1: Accident or on Purpose?
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We might attribute intentionality to an act that is merely an accident. “She broke
the vase” might be interpreted as something done on purpose (this would be an
action explained by an intention) or as merely an accident.
Finally, there is the heuristic whereby we process the world as consisting of agents who
are the only beings that produce order from chaos.
1. babies assume that only agents can create order from chaos
2. don’t expect inanimate objects to move on their own, things only move because of
agents.
So, if human beings have built in tendencies (heuristics) to (i) process the world as
being filled with agents, (ii) process the agents as having intentions, and (iii) process
the world as agents being the primary entities that produce order, then then positing a
(i) human-like (God) that (ii) has intentions and (iii) took a mostly disordered universe
and gave it order by creating complex organisms is a highly intuitive view. That is, it
corresponds with mental heuristics that we know to be helpful in other areas.
Discussion 1 Consider the following questions in a group.
1. Given the explanation of why people believe in creationism from evolutionary
psychology, would you say that believing in creationism is rational (even if it is
false)?
2. A lot of people are hostile to creationists, does the above explanation change your
perspective on creationists as people?

Review Guide for Exam 1
Exam 1 will consist of a 19 multiple-choice questions (3pts each), 1 fill-in-the-blank
question (3pts), and 4 essays (10pts each). You will be tested over some selection of the
ideas below.
You should be able to define (or pick out the definitions from a list of possible definitions)
of all of the key terms from the handouts. These include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

philosophy
the three different meanings of “science” (see p.13)
naive empiricism, including its four key features (see p.21)
an argument (see p.26)
deductive validity (see p.27)
inductively strong (see p.27-28)
deductive invalidity (see p.29)
the strong principle of induction
inductivism
what it means for a proposition to be falsifiable
simple falsificationism (p.37)
sophisticated falsificationism (p.38)
ad hoc modification (p.38)
explanandum (p.44)
expanans (p.44)
context of discovery (p.55)
method of discovery (p.55)
systematic method of discovery thesis (p.56) and why it is problematic (p.56).
conditional (prior) probability
unconditional (posterior) probability
prior probability of h and prior probability of e (p.48)
posterior probability of h and posterior probability of e (p.49)
objective Bayesianism (p.53)
subjective Bayesianism (p.53)
Bayes theorem (p.49)

You should have a good idea of some of the key attributes of some of these concepts.
These include:
• the features that effect the quality of an inductive argument (see p.31)
• the basic kind of argument that the falsificationist makes use of to disprove (or
falsify) a theory
• be able to identify an ad hoc modification from a non ad hoc mpdification
• the three reasons, points, or strengths of Bayesianism as an account of scientific
activity (p.7-8, handout distributed in class)
• the problem with letting the prior probability of hypotheses of science be equally
likely (see p.9, handout distributed in class)
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• How does the Bayesian respond to the objection that probability should not rest on
subjective conditions. In particular, how do Bayesianists deal with the charge that
science should not initially rest on different people assign different probabilities to
hypotheses? (see p.9, handout distributed in class)
• Be able to explain the Duhem-Quine objection. In explaining this objection, be sure
to (i) indicate what theory of science this objection applies to, (ii) the key features
of the objection, and (iii) provide one illustration (example) of this objection.
• Know the four criticisms of inductivism (p.33), in particular, the “problem of
induction” (p.33)
You should have a good grasp of a number of key ideas, models, or pictures of science. You should be able to describe them with some level of detail, and produce a
graph/picture/figure that helps to illustrate these ideas, models, or pictures. These
include:
•
•
•
•

the inductivist picture of the method of science (p.32)
the falsificationist picture of the method of science
the covering law model of explanation (and its basic structure) (p.45)
the causal model of explanation (p.46-47) and the primary problem with causal
model (p.47).
• Bayes theorem. You should be able to write out the formula

You should be able to articulate some of the key criticisms and objections we discussed
of various theories.
• We discussed the idea that science does not require philosophy. You should be able
to articulate at least one problem with this view (see pp.14-20)
• We discussed naive empiricism and its four key tenets (p.21). You should be able
to articulate at least one of the objections/problems with this view (see pp.22-25)
• We discussed the inductive model of science (p.32). You should know the four key
objections to this model (see p.33).
• We discussed the falsificationist model of science. You should be able to (i)
distinguish between falsifiable and unfalsifiable hypotheses, (ii) distinguish between
an ad hoc and legitimate modification to a theory, and (iii) know the Duhem-Quine
objection (p.40-41) and why scientific discovery is problematic for the falsificationist
(see p.55-57)
• the problem with the idea that scientific discoveries are the result of a systematic
(rational) method (p.56-57), as well as be able to cite one example.
• the two main problems with the covering law model of explanation (see pp.45-46)
and be able to articulate examples that illustrates each problem.

Review Guide for Exam 2
Exam 2 will consist of a 19 multiple-choice questions (4pts each) and 4 essays (10pts
each). You will be tested over some selection of the ideas below.

Multiple Choice
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

the four key features of the positivistic view of science
the historian’s dilemma
the three possible responses to the historian’s dilemma
have some general idea of a paradigm (you don’t need to know all of its features)
know the two reasons why individuals would accept a paradigm
know the definition of a crisis and the three features that would make an anomaly
serious
know the two most radical features of Kuhn’s theory
know the definition of “incommensurability”
be able to explain the two problems with the notion of two paradigms being
incommensurable
know what a research program is
know why the example of retrograde motion in the Copernican system is problematic
for Lakatos’s theory of research programs
know which part of a research program is modifiable
know the two characteristics that make one research program better than another
know whether Feyerabend would say that the scientific method is better than other
methods of investigating the world (and why)
if Feyerabend was forced to describe the method of science, what principle (or rule)
would he say best describes it?
know what scientific realism and instrumentalism is (both the descriptive and
axiological parts)
know what both the scientific realist and instrumentalist would say about unobservable entities posited by scientific theories.
know the two objections to instrumentalism
know the difference between pessimistic and optimistic scientific realism
know the optimistic scientific realist’s argument for why optimistic realism should
be preferred over pessimistic scientific realism.
know the pessimistic scientific realist’s objections to optimistic scientific realism.

Essays
For each of these essays, you should aim to demonstrate your knowledge (so aim to be
thorough).
1. Be able to describe Kuhn’s theory of science (each of the key steps in how science
progresses from pre-science to new normal science) and be able to articulate one
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criticism of Kuhn’s theory.
2. Be able to describe Lakatos’s theory (what are its core features, how does it respond
to the Duhem-Quine problem? how is it not a relativist theory like Kuhn’s?) and
at least one problem with this theory
3. Be able to describe Feyerabend’s theory (what are the two components? what is
the reasoning Feyerabend gives for his theory?) and at least one problem with this
theory
4. Be able to describe both the scientific realist and instrumentalist positions and one
problem with each (know both the descriptive and axiological parts).

Review Guide for Exam 3
Exam 2 will consist of a X multiple-choice questions (4pts each) and 2 essays (10pts
each). You will be tested over some selection of the ideas below.

Multiple Choice
1. What is meant by full coverage of the physical sciences?
2. What is a pseudoscience?
3. Pseudoscience is characterized by two different kinds of properties. What are these
properties?
4. What is the main (general) reason why finding demarcation criteria has been so
difficult?
5. Has the number of people who believe in pseudoscience and/or the paranormal
increased or decreased in the last twenty years?
6. What is the paranormal?
7. What are demarcation criteria?
8. What are delineation criteria?
9. Which of the following are characterizations of the five groups thought to believe
in pseudoscience?
10. What is creationism?
11. What is intelligent design?
12. Of the five sociological groups that believe in pseudoscience/paranormal, which
best describes those that believe in astrology (this is also the one we covered in
class / handout / text)
13. What is the structure of argument employed by each of the investigators in the
show Paranormal Home inspectors?
14. What is astrology?
15. In the case against the Dover School Board, what two things did the prosecution
have to prove in order to show that intelligent design should not be taught (at all)
in schools?
16. Astrologers / fortune-tellers often perform “cold-readings”. Why are cold-readings
convincing?
17. Individuals who believe or practice pseudoscience are regarded as deviants by the
scientific community. What does this mean?
18. What establishes the separation of Church and State in the United States?
19. What was the name of the book that the Dover School District (along with the
TMLC) tried to make available to public shool children?
20. Which characterization best describes the general-purpose (Social Science) Model
of the Mind?
21. Which characterization best describes the Modular (Nativist) Model of the Mind?
22. What is essentialism?
23. What is a heuristic?
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Essays
For each of these essays, you should aim to demonstrate your knowledge (so aim to be
thorough).
1. What is parapsychology? If parapsychological researchers are highly educated
individuals, trained in scientific fields, and make use of the methods of science
to investigate psi, then why isn’t parapsychology a science? (Give both reasons
considered)
2. What was Arkansas Act 590 of 1981? What did it try to establish? Give two
arguments by its supporters for why it should be supported.

