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Overview for today

Why are philosophers interested in science? 

Popular views of science 

What is the difference between science and non-science?

Two answers:

‒ Inductivism

‒ Karl Popper (Falsificationism) 

What science can teach us
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Why are philosophers interested in science? 
• The concerns of science can often be traced to traditional philosophical 

concerns.

• The early ancient Greek philosophers, called phusikoi, also carried out 
investigation (historie) of the natural or physical world (phusis), and searched for 
its principles (archai) and causes (aitiai).

• In this way, they had, broadly speaking, the same goal as modern scientists do 
even if they did not have the same theory (theoria), methodology (methodos), or 
practice (praxis).

• This tradition has developed since then into science as we know it today.   

• Philosophy, specifically as metaphysics, is the study of the nature of reality. 
Science appears to provide us with knowledge regarding the nature of reality.

• Philosophy, specifically as epistemology, is the study of knowledge and whether 
or not it is possible. Science appears to provide us with knowledge.

• Philosophy also studies the nature of philosophy and other disciplines. 
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Popular views of Science 
• The increase in the power of ‘scientific knowledge’ since the beginning of the 

scientific revolution (Copernicus in 1543 CE) is impressive. 

• Science seems to be a reliable method, and appears to make progress in 
discovering truths about the world.

• We dramatize science and its history through documentaries, news, and science-
fiction, and it can hold an emotional appeal for us.  

• We often believe what scientists tell us merely because they are scientists, 
experts in their fields. In fact, sometimes we believe people even if they merely 
look and sound like scientists.

• Just before the recent snow a meteorologist was quoted in the Irish Times as 
saying: “The only good thing that we have in our favour is that it is the start of 
spring. The tilt of the Earth means that we will becoming [sic.] closer to the sun. 
The days will get longer so it can’t last that long,”

• However, coming closer to the sun is not the cause of spring! 

• Sometimes, experts make mistakes because they are experts.

https://www.irishtimes.com/news/ireland/irish-news/beast-from-the-east-could-see-country-s-heaviest-snowfall-since-1982-1.3404985
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What is Science?
• The paradigm examples of sciences: Physics, Chemistry, Biology ... ? 

• This is merely a list. What are the criteria for inclusion in the list? 

• What are the defining properties by which it is distinguished or demarcated 
from non-science? 

• One suggestion might be: That scientific theories are true. They tell us truths 
about the world. 

• However, this can’t be right, because some scientific theories are false. For 
example, Newtonian mechanics. 

• Another answer might be that scientific theories are based upon information 
gathered from observing phenomena. 

• Scientists observe the world and then base their theories upon their 
observations. 

• This is what is known as induction.



Trinity College Dublin, The University of Dublin

Argument and Inference 
A deductive argument:

P1: All swans are white.

P2: There is a swan.

C:   That swan is white. 

An inductive argument:

P1: Swan 1 is white.

P2: Swan 2 is white.

…

Pn: Swan n is white.

C:   All swans are white.

• Generally, an argument is a conclusion together with a reason or warrant 
for that conclusion, such as a set of premisses.

• An inference is how one gets from the set of premisses to the conclusion of 
an argument.

• Notice that the deductive argument infers from a general proposition to a 
particular one. 

• Notice that the inductive argument infers from the particular to the 
general. 
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Validity and Induction  
• Validity: If the premisses were true, then the conclusion would follow. (Or stated 

differently: If the conclusion were false, then not all the required premisses could 
be true.)

• Inductive arguments are not deductively valid. The conclusion does not follow 
necessarily from the premisses.

• Reasoning from observed phenomena to scientific theories is not usually 
deductive.  

• Observed data are typically about a particular occurrence at a particular time, 
whereas theories are typically universal (about all things of a certain kind), having 
the form ‘All Fs are Gs’. That is, all the things that are instances of F are also 
instances of G; e.g., ‘All Frogs are Green’, ‘All swans are white’, etc. 

• Therefore, observations do not guarantee the truth of theoretical conclusions 
(theories).

• However, they nonetheless seem to support or confirm theoretical conclusions in 
some way.
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Inductivism
• This method of science, which rose to prominence with the work of Francis Bacon 

(1620), is one answer to the question we asked earlier about how to distinguish 
science from non-science:

• The defining property of science that distinguishes it from non-science is that 
scientific theories are based on observation of natural phenomena.

• Scientists infer their theories from these observations by induction and these 
observations provide support for the theories. The more observations the more 
probable the theory that they support.

• As we have seen, inductive inferences are not deductively valid: That is, even in 
the best inductive argument, it is possible for the premisses to be true and the 
conclusion false.

• Induction nonetheless seems to provide support for conclusions. That is, it seems 
to be capable of justifying beliefs. 

• However, there is a philosophical problem with induction, which is deeper than 
the merely lack of validity. 

• David Hume (1711-1776) famously questioned the justification for making such 
inductive inferences.
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The Problem of Induction
“[…] all our experimental conclusions proceed upon the supposition, that the future 
will be conformable to the past. To endeavour, therefore, the proof of this last 
supposition by probable arguments, or arguments regarding existence, must be 
evidently going in a circle, and taking that for granted, which is the very point in 
question.” (Hume, An Enquiry Concerning Human Understanding (1748), p. 35)

• We observe that the future conformed to the past on a number of previous 
occasions, and then conclude that it will continue to conform to the past in the 
future: 

P1: Induction 1 worked (the future conformed to the past).
P2: Induction 2 worked (the future conformed to the past).

…
Pn: Induction n worked (the future conformed to the past).
C:   Therefore, induction is justified (the future will continue to conform to the past, 

i.e., in the future.) 

• This is itself an inductive argument. This is what Hume meant by its ‘evidently 
going in a circle’.

• It is ‘rule-circular’: The argument attempts to justify a kind of inference by using 
an instance of that kind inference as its rule of inference. 
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Two principles of inductivism
• What would support such a statement as ‘All Fs are Gs’? 

• An observation of an F that is also a G; e.g., a frog that is also green.

• According to the inductivist, an F that is G supports the hypothesis that ‘All Fs are 
Gs’. Anything else will either disconfirm the hypothesis (e.g., a frog that isn’t 
green) or be irrelevant (e.g., a yellow banana). Call this the ‘confirmation 
principle’ (Nicod’s criterion).  

• We are familiar with the idea that two sentences can express the same 
proposition. There are numerous ways in which this can happen. Here are some 
examples:

• If I say, ‘Not all the people in this room are parents.’, that is the same as saying ‘At 
least one person in this room is not a parent.’ It would state the same truth (if it is 
true). 

• Given that they are equivalent, the same observation confirms or supports both 
of these statements, e.g., there being a person in the room who is not a parent. 
Call this the ‘equivalence principle’.

• Similarly, if I say, ‘All the Fs are Gs’, that is the same as saying ‘All the non-Gs are 
non-Fs’. These two sentences would state the same truth. 
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The Paradox of Ravens (Hempel’s paradox)
• Unfortunately, putting those two principles together leads to a paradox of 

confirmation, this was formulated by Carl Hempel in 1945.

• Consider the following: 

A. ‘All ravens are black’: ‘All Fs are Gs’.

B. ‘All non-black things are non-ravens’: ‘All non-Gs are non-Fs’

C. ‘This is a black raven’ [observation of a black raven] : ‘This is F and G’  

D. ‘This is a non-black non-raven’ : ‘This is not-G and not-F’

1. A is equivalent to B. [by contraposition, a rule of logic]

2. A (unsurprisingly) is confirmed by C.

3. B (unsurprisingly) is confirmed by D.

4. Since, A is equivalent to B, A is also confirmed by D. [by Equivalence principle]

5. Therefore, ‘This is a white chair (a non-black non-raven).’ would confirm or 
support ‘All ravens are black.’

6. However, this seems to be irrelevant. [by the Confirmation principle]

• Does this nonetheless seem correct? If ‘yes’, then we have a method for indoor 
ornithology. If ‘no’, then what has gone wrong?  
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What has gone wrong?
• It seems, broadly speaking, that at least one of three things must have gone 

wrong to lead to the paradox of ravens:

1. The equivalence between ‘All ravens are black’ and ‘All non-black things are non-
ravens’ doesn’t hold for some reason. (e.g., logic is weirder or more complicated 
than thought). 

2. There is some problem with the generalisation ‘All ravens are black’ (e.g., 
perhaps ‘black’ or ‘raven’ are defective words in some way.) 

3. The confirmation principle is in some manner incorrect (e.g., induction is 
unjustified, because of Hume’s problem or some other problem).

• Many solutions have been suggested to these paradoxes. 

• However, for the purposes of what comes next in this lecture we will be taking 
the route of assuming that induction is unjustified.
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Karl Popper
• Austrian. Born 1902, died 1994

• Called his philosophical method ‘critical 
rationalism’ and is most famous for his theory of 
conjecture and refutation (Falsificationism) in 
philosophy of science.

• However, he also made contributions to other 
areas of philosophy, e.g., political philosophy and 
ancient philosophy. 

• The genesis of Popper’s theory in philosophy of 
science can be found in the following 
comparison:

• He thought that Einstein’s theory of general 
relativity genuinely scientific.

• Whereas, many theories in psychology and 
political philosophy for example those of Adler, 
Freud, and Marx, did not seem to him to be 
genuinely scientific.

https://en.wikipedia.org/wiki/Karl_Popper#/media/File:Karl_Popper.jpg
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Popper and Demarcation
• What is the difference between science and non-science? (the demarcation 

problem). Not either of the two suggestions we have considered already:

• Not that Einstein’s theory is true (it could turn out not to be). Not that Einstein’s 
theory is supported by a greater range of evidence, because apparent 
confirmations of the theories of Adler, Freud, and Marx, are available in a wide 
variety of circumstances.

• Another good example to consider is astrology. Astrologists predications can often 
be made out to be confirmed by life events. However, they can be quite vague, and 
so we should ask: How could they be falsified?

• Popper says that the mark of genuine scientific theories is that they are falsifiable. 
That is, scientific theories should rule out certain events. If these events are 
observed to occur, then the theory is falsified, i.e., it is shown to be false.  

• A theory that does not rule anything out, i.e., is not falsifiable by any observation, is 
not a scientific theory.

• Theories are not justified or supported by finding evidence that accords with the 
theory, like an inductivist would. In fact, theories cannot be justified in this way at 
all. 
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Falsification vs. Inductivism
• A theory may only be tested by an attempt to falsify it.

• Confirmation instances do not support a theory. A theory is merely ‘corroborated’ 
by experiments that fail to falsify it. However, this does not imply that the theory 
is more likely to be true merely that it is not yet falsified.

• Popper disagrees with almost every element of Inductivism. In a certain way of 
schematizing this, they are opposites of each other:

• Inductivism: Observation → Induction → Theory

• Popper: Theory → Deduction → Falsification

• Inductivism: The inductive method is the procedure for generating theories from 
observation.

• Popper: There is no 'logic of discovery’; i.e., no method for generating theories 
from observation. You can generate theories however you like and still be 
scientific. 

• The scientific method relates only to the testing of theories by deducing their 
consequences and attempting to falsify them. The generation of theories is a 
problem for psychology, and not philosophy of science (a normative discipline).
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Tentative vs. Bold
• Inductivism: Science makes tentative generalizations which don't go too much 

beyond the phenomena. 'Hypotheses' that go beyond the phenomena are bad, 
e.g., Newton's attitude to the cause of gravity:

“Hitherto I have not been able to discover the cause of those properties of gravity 
from phenomena, and I frame no hypotheses, for whatever is not deduced from the 
phenomena is to be called an hypothesis; and hypotheses, whether metaphysical or 
physical, whether of occult qualities or mechanical, have no place in experimental 
philosophy. In this philosophy particular propositions are inferred from the 
phenomena, and afterwards rendered general by induction. Thus it was that the 
impenetrability, the mobility, and the impulsive force of bodies, and the laws of 
motion and of gravitation, were discovered. And to us it is enough that gravity does 
really exist, and act according to the laws which we have explained, and abundantly 
serves to account for all the motions of the celestial bodies, and of our sea.” 
(Newton, Principia, ‘General Scholium’, book IV)

• Popper: Science makes bold conjectures, not tentative generalizations. 

• A bold conjecture makes unexpected and improbable predictions. 

• Bold theories are stronger and more explanatory than weaker theories. 
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What science cannot teach us.
• The most that science can do is to show certain theories to be better than 

others, based on the fact that they have not yet been shown to be false 
(falsified), whereas others have.

• Current exemplars of these might be Quantum Mechanics and Einstein’s theories 
of Relativity.

• According to Popper, at least, we should think that it is rational to believe in 
these theories up to the point that they become falsified, and we cannot know in 
advance if or when this will happen.

• However, by the lights of Popper’s theory, that a scientific theory must in 
principle be falsifiable, a rather startling consequence emerges:

• Science can never teach us that one of its theories is true!

• Suffice it to say, there has been mixed reaction from both scientists and 
philosophers (e.g., see Thomas Kuhn) to this, but we will leave the story there for 
today.  

https://www.google.ie/search?q=Thomas+Kuhn&oq=Thomas+Kuhn
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I hope that you enjoyed the lecture 
and thank you for listening!


