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Last week:

What is philosophy (of science):

Philosophy (in science) is the non-empirical part of science. It investigates our 

beliefs, images and presuppositions (about science).

Doing philosophy of science involves: investigating (uncovering, articulating 

and analyzing) presuppositions about science.

General Aims:

1.Learning to critically think about Science, e.g.

a) Scientific knowledge: What is it? How to prove it?

b) Scientific research, e.g. Engineering sciences: How?

c) Science in society. How can claims be justified?

2.This requires learning content and skills: 

a) Content: A vocabulary / ideas / concepts to think and talk about



science (= philosophy of science theory).

b) Skills: Ability of philosophical reflection, including: articulation, 

analysis, argumentation, revealing presuppositions.

This week:

In philosophy of science, philosophers study how ‘we’ reason in science.

Philosophers do this in a very systematic, and often strictly logical way.

This very ‘straightforward’ approach can sometimes result into ‘shocking 

results.

Examples of important presuppositions and beliefs in science can be found in 

the handout “what is philosophy of science.” Examples are: “that there is 

structure in the world,” “that there are ‘laws of nature,’” “that every event is 

caused by something else,” “that everything can ‘in the end’ be explained by 

fundamental laws.”

3



4



5



6



7



8

Science talks about the (physical) world; it asks questions about the world: 

why, what, how questions. Philosophy of sciences talks about science; it asks 

questions about science: why, what, how questions.
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Rationalism: problem is underpinning first principles: how do we know the first 

principles are true.

e.g. rules of logic, mathematics, conservation laws, principle of evolution.

Associated with rationalism is the doctrine of innate ideas and the method of 

logically deducing truths about the world from “self-evident” premises. 

Rationalism is opposed to empiricism on the question of the source of 

knowledge and the techniques for verification of knowledge. René Descartes, 

G. W. von Leibniz, and Baruch Spinoza all represent the rationalist position, 

and John Locke the empirical. Immanuel Kant in his critical philosophy 

attempted a synthesis of these two positions. More loosely, rationalism may 

signify confidence in the intelligible, orderly character of the world and in the 

mind’s ability to discern such order.  In the 18th cent. rationalism produced a 

religion of its own called deism 

Empiricism: Knowledge can only be obtained through the use of the senses to 

find out about the world and not by the use of pure thought or reason.

Empiricism requires principle of induction: when a large number of 

observations of Xs under a wide variety of conditions have been made, and 

when all Xs have been found to possess property Y, and when no instance 

has been found to contradict the universal generalization ‘all Xs possess 

property Y”.

Problem of induction: when is it legitimate to infer a universal generalization 



from a collection of observations.
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How do we get our first principles? Intuition.

Problem with logical deduction: conclusion says nothing new.

Note that ‘first principles’ play a role on two different levels:

1) The principle of deduction, which says that this logical form is valid.

2) The principle that “All men are mortal”. Why do we assume that this

principle is true? Has it been derived by means of inductive reasoning, or 

can you give another kind of justification (e.g., what if we would find a 

person who is not mortal).

[Think of the important test: does its negation lead to a contradiction?]
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Are these principles (axioms) self-evident?

Other axiomatic systems happen to be possible in mathematics (e.g., non-

Euclidean geometry http://en.wikipedia.org/wiki/Non-Euclidean_geometry). 

What do we learn from this situation about ‘self-evident’ principles? On what 

basis are (alternative) axiomatic systems accepted: self-evidence of the 

principles is important, but what else? 
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Science talks about the (physical) world; it asks questions about the world: 

why, what, how questions. Philosophy of sciences talks about science; it asks 

questions about science: why, what, how questions.
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In scientific reasoning we can distinguish between the (logical) form of an 

argument and its contents. With regards to the form, we distinguish between 

two logical forms: "deductive reasoning" and "inductive reasoning" .

To understand these we need to understand a bit of elementary logic; here we 

introduce some technical terms that will be used later. It concerns the 

distinction between (the use of) the qualifications: true / false , valid / invalid , 

and sound / unsound. 

Let's look at the distinction between the (logical) form of an argument, and its 

contents.

1. Earlier we said that a sentence (a proposition) is either true or false, that 

is, when 'what the sentence says about reality' is or is not the case (Please 

note that the sentence is true, not 'the situation' itself).

2. (2-4) An argument is composed of a number of sentences (propositions) 

from which a conclusion, C, is drawn. In your assignments you can find a 

number of arguments. How do you tell whether these arguments are 

sound? For this, you make a distinction between the logical form of the 

argument (it should be valid) and the content of the sentences (these 

sentences must be true).

3. So you can determine separately whether the logical form of the argument 



is valid, and whether the sentences are true.

4. The idea is that only when the logical form of an argument is valid, and all 

propositions are true, the conclusion of this argument must also 

necessarily be true. In this case , the argument is sound. An argument is 

not sound if either one or more of the propositions is false and / or the 

logical form invalid. See summary on the next slide
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This slide shows the logical form of deductive reasoning. Deduction means deriving 

a specific statement of a general statement.

In the upper part you see form + content.

In the lower part the logical form is presented in abstracted form, separating out the 

content.

This deductive logical form is valid.

If you look at the example of "All men are mortal", the logical form is valid. But is this 

argument sound? For that, we have to look at the content.

The first sentence, "All men are mortal “, is true (at least that we assume because the 

contrary has never been proved).

The second sentence, "Socrates is a man" is false if Socrates for instance is not a 

man but my dog. In that case, the argument is not sound, and we can not conclude 

on the basis of this argument that (my dog) Socrates is mortal!

So the argument:

All men are mortal

Socrates is a dog

Socrates is mortal

Is not sound, as the logical form is not valid:



All A's are B

x is an H

Thus: x is B.

Note : It may still be true that my dog is mortal (it is in fact very likely!), but it does not 

follow from this argument!
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Logical form of inductive arguments is invalid (also see Ladyman for further 

explanation).

Hence, the second problem of scientific methodology is that we cannot prove, 

say the law that “all A’s are B” by means of inductive reasoning.

Conclusion: Formal logic is extremely important for evaluating scientific 

reasoning. It also shows that we cannot prove much by logical reasoning. At 

the same time, deductive and inductive reasoning are crucial to scientific 

reasoning.

Note that inductive proofs are valid in mathematics! [Roughly, the structure of 

a proof by mathematical induction: you must prove that the statement holds 

for n=0, n=1, and for n+1), by means of which you have proven that it holds 

for all values of n.].
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Inductive form: P1

P2

:

Pn .

Conclusion: P

1. Methodology needed to prove scientific knowledge (59% = 58 students: 

YES it is possible to prove knowledge; 41% = 41 students: NO it is not 

possible

2. Methodology in Empiricism: Observation + generalisation (logical 

form: inductive reasoning)

3. If correct, the Conclusion, P (e.g., All A’s are B) of an inductive 

argument would be logically (= necessarily) true.

However: The logical form of inductive arguments is invalid

Validity of ‘inductive inference’ would involve ‘Principle of Induction’
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Problems of Empiricism:

- Induction (logically invalid) 

- Causality (cannot be observed)

- Necessary connection (,,)

Hume says that "We suppose that there is some connexion between them; 
some power in the one, by which it infallibly produces the other, and operates 
with the greatest certainty and strongest necessity." -- but there is no 
legitimate basis in our experience for this additional claim. Instead, that claim 
is derived simply from the habit of the mind "upon the appearance of one 
event, to expect its usual attendant, and to believe that it will exist.

Hume’s problem with causality is that ‘the causal connection’ (e.g., a force) 

cannot be observed. Think for instance of the following example. You see to 

circles on a screen. The number 1 moves and touches number 2, and at the 

same instance number 2 starts to move. Would you conclude that the 

movement of number 2 is caused by 1? How would you make the distinction 

between occurrences in which we see that two events (movement of 1, 

movement of 2) immediately follow up on one another, accidentally, or 

causally?

Important in experiments, is that we examine causal relationships by direct 

intervention with the cause. This is the manipulationist account of of causality. 

(So, rather than by passive observation, we learn about causal relationships 



by active experimental interventions).
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In current philosophy of science, one of the proposed solutions is the so-

called interventionist or manipulationist account of causality. Roughly, the idea 

is that we know of causal relationships in case of (physical) interventions such 

as in experiments. Does this solve the Hume’s problem? 
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Does this account work for the Helmet therapy? The intervention seems to 

result into an improvement of the skull.
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Question four is introduced on the tape.
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