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“The 5 senses” (1832) – Jean Bernard
https://www.flickr.com/photos/vintage_illustration/32200194148

Observations vs Inferences

A bucket of water is above the fire

Question:
How do we know things?
An empiricist’s answer:
We know all things through our experiences of sensing them.

Question:
How do we know things?

This question is at the
heart of epistemology

An empiricist’s answer:
We know all things through our experiences of sensing them.

Aside – the Science Extension Syllabus

Question:
How do we know things?

This question is at the
heart of epistemology

An empiricist’s answer:
We know all things through our experiences of sensing them.

Epistemology: A branch of philosophy that investigates
the origin, nature, methods and limits of human
knowledge. (1.1.1)
Empiricism: The theory that all knowledge is based on
experience derived from the senses (1.1.2)

Question:
How do we know things?

This question is at the
heart of epistemology

An empiricist’s answer:
We know all things through our experiences of sensing them.
A rationalist’s answer:
We know all things through reason and logic.
Further answers:
- We know through our emptions
- We can only construct meaning through language
- We know things through imagination
- We know through intuition
- We know through memory
- We know things when we believe they are true

https://osc-ib.com/article/how-tok

Epistemology – How we know what we know:
“Each Way of Knowing provides a particular way of producing or accessing
knowledge. Whilst an individual understanding and analysis of each of them is
expected, the IB emphasizes that it is also important to see how they work in
collaboration with each other and, what role they play in each Area of Knowledge.”
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Sense
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Emotion
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Epistemology: A branch of philosophyBelief
that
investigates the origin, nature, methods and
limits of human knowledge.

Intuition

Science and empiricism

Empiricism: The theory that all knowledge is based on
experience derived from the senses (1.1.2)

While science relates to most (if not all) of the epistemological ways of
knowing (e.g. clearly science involves using sensing, reason, and intuition) with
the formalisation of empiricism in the 17-18th Century, we now associate
science most closely with empiricism.

John Locke
(1632-1704)

George Berkeley
(1685-1753)

Images from:
https://nationalinterest.org/feature/was-john-locke-really-liberal-15900
https://www.the-philosophy.com/george-berkeley-philosophy
https://www.onthisday.com/people/david-hume

David Hume
(1711-1776)

Empiricism: The theory that all knowledge is based on
experience derived from the senses (1.1.2)

Early empiricism – the Copernican Revolution
“Raw experience,” Kepler wrote, “or, as physicians say, empiricism, is the mother who gives
birth to science.” (See Fauber, 2019, Heaven on Earth: How Copernicus, Brahe, Kepler, and
Galileo Discovered the Modern World. P167)

Tycho Brahe
Johannes Kepler
(1546-1601)
(1571-1630)
https://nationalinterest.org/feature/was-john-locke-really-liberal-15900
https://www.urban-astronomer.com/astronomy/astronomerprofiles/astronomers-through-history/tycho-brahe/
https://en.wikipedia.org/wiki/Galileo_Galilei

Galileo Galilei
(1564-1642)

Rationalism – we know through
applying reason and logic.

Empiricism – we know through
sensing and experiencing.

• Mathematics starts with
assumptions (e.g. assume that
1+1 = 2) and considers the
logical conclusions of this axiom.
• When new theories are
proposed, mathematicians look
for logical proofs to confirm the
theory.
• If the reasoning is sound, the
logical conclusions are certainly
true.
• Through reason, mathematics
can derive theorems with
certainty – Pythagoras’ theorem
has been proven to be true. If
you were to observe a shape
that did not satisfy this, it would
not violate the theory, it would
just mean you are not observing
a right angled triangle!

• Science starts with an
observation (lots of people are
getting sick in Soho, London) and
tries to make sense of the
observation.
• When new theories are
proposed, scientists look for
experimental evidence to
support or oppose the theory.
• Scientific theories are therefore
only probabilities where
scientists need to weigh up the
empirical evidence for or against
it.
• Theories can change with new
empirical evidence.

For discussion: does a court of law operate more on the principles of rationalism or empiricism?

Limitations of empiricism – questions to reflect on
1.

2.

3.

What does it mean to observe or sense something?
1. If an instrument is doing the sensing for you, is that still using your senses?
2. What about physical phenomena that are not directly observable, but are inferred
because of their effect on other phenomena (e.g. dark matter/energy)?
3. What if someone else has done the sensing and tells you about it (or writes about it in
a scientific journal)?
4. Can we trust our bodily observation skills?
Do we learn science through the lens of empiricism or rationalism?
1. If you do an experiment that contradicts theory in a high school science class… what
do you assume? Do you trust your senses or the theory? Are you an empiricist or a
rationalist?
2. Do students typically learn science through experiencing phenomena through their
own observations or being taught rational theories?
This may work really well for knowledge about the physical universe… but is this the best
method of generating knowledge of all things?
1. The theory of empiricism is more of a rationalist argument anyway as there is no
empirical evidence for empiricism.

Question:
How do we know things?

This question is at the
heart of epistemology

Answer:
One way of knowing things is through our experiences of sensing
them (empiricism).
Question:
How do we construct knowledge from our sensory observations?
Answer:
Scientific methods involving induction, deduction, and
experimentation.

Induction – coming up with (probable) general
rules or theories from specific sets of observations
Tribonds – what do these three words have in common:
1. Butter, brittle, oil
2. Palm, Christmas, Apple
3. Pie, toast, earth
4. Circus, bathtub, fifth day of Christmas
5. Table, trip, triangle

Induction: Inference of a
generalised conclusion from
particular instances (1.1.3)

Deduction – coming up with (logical) specific
observations/conclusions from general rules or
theories
Name three countries starting with the letter S

Deduction: Deriving a conclusion
by reasoning from known facts
(1.1.3)

Induction and Deduction in Science
From the Stanford Encyclopedia of Philosophy
Bacon dealt with his scientific method, which became famous under
the name of induction. He repudiates the syllogistic method and
defines his alternative procedure as one “which by slow and faithful
toil gathers information from things and brings it into understanding”
(Farrington 1964, 89).

Francis Bacon
(1561-1626)

Note the order:
1) Gathers information
2) Brings it into understanding

Induction: Inference of a
generalised conclusion from
particular instances (1.1.3)

https://www.biography.com/scholar/francis-bacon

Induction in Science

Induction: Inference of a
generalised conclusion from
particular instances (1.1.3)

Darwin’s Theory of Evolution
The inductionist canon called for making observations without prejudice as to what they might
mean and accumulating observations related to a particular subject so that a universal
statement or conclusion could eventually emerge from them. Indeed, in one place in
his Autobiography, Darwin affirms that he proceeded “on true Baconian principles and without
any theory collected facts on a wholesale scale” (Barlow, 1958, p. 119). (From In the Light of
Evolution: Volume III: Two Centuries of Darwin)
Deduction: Deriving a conclusion

Deduction in Science

by reasoning from known facts
(1.1.3)

Einstein explains that it’s not just induction in the scientific method:
Einstein wrote: "From a systematic theoretical point of view, we may imagine the process of
evolution of an empirical science to be a continuous process of induction… But this point of view
by no means embraces the whole of the actual process ; for it slurs over the important part
played by intuition and deductive thought in the development of an exact science. As soon as a
science has emerged from its initial stages, theoretical advances are no longer achieved merely by
a process of arrangement. Guided by empirical data, the investigator rather develops a system of
thought which, in general, is built up logically from a small number of fundamental assumptions,
the so-called axioms.“
(https://www.marxists.org/reference/archive/einstein/works/1910s/relative/ap03.htm)

Induction: Inference of a
generalised conclusion from
particular instances (1.1.3)

Induction in Science
Observations

Theory

Deduction in Science

Observations

Consequences
of the theory

Deduction: Deriving a conclusion
by reasoning from known facts
(1.1.3)

Theory

Consequences
of the theory

Discuss: Identify issues and provide points for and/or against
-

Need to understand induction (broad, generally
applicable conclusions from specific data)
Need to apply it in this context (if it works in one hospital
it may work in all)
Need to Discuss (what are the points for an against using
inductive reasoning in this situation)

Can you see induction and deduction in this process?

How can you improve your inductive-deductive reasoning?

Falsification

Karl Popper
(1902-1994)

“It is easy to obtain confirmations, or verifications, for
nearly every theory—if we look for confirmations.
Confirmations should count only if they are the result of
risky predictions... A theory which is not refutable by any
conceivable event is non-scientific. Irrefutability is not a
virtue of a theory (as people often think) but a vice.
Every genuine test of a theory is an attempt to falsify it,
or refute it.”
— Karl Raimund Popper
Conjectures and Refutations: The Growth of Scientific
Knowledge (1963), 36.

Falsifiability: The idea that a theory, hypothesis or

statement must be testable and shown to be
incorrect, if it is to be considered scientific. (1.1.5)

https://plato.stanford.edu/entries/popper/

Science is asking questions of nature
Richard Feynman on the process of science:
“I think that, that it’s that process at the very heart is just kind of saying, I don’t know anything.
I’ll ask nature and nature will give me the answer. And once I’ve gotten the answer from nature,
feel free to ask nature on your own as well. And, she should give you the same answer, right?”

But what are the right questions to ask?

Science is a process of evaluating competing ideas
Richard Feynman on the process of science:
“It’s scientific only to say what’s more likely or less likely not to be proving all the time possible
and impossible. From my knowledge of the world that I see around me, I think it’s more likely…
it’s just more likely that’s all… it’s a good guess. And we are always trying to guess the most likely
explanation, keeping in the back of the mind, that if it doesn’t work we then need to discuss the
other possibility.”

But how do we determine which theory is
most probable?

From the beginning until he talks about aliens, then start again at 3:45

Parsimony/Occam’s Razor
The principle gives precedence to simplicity: of two competing
theories, the simpler explanation of an entity is to be preferred.
https://www.britannica.com/topic/Occams-razor

William of Occam
(1285-1347ish)
Parsimony: Adoption of the simplest assumption in the formulation of
a theory or in the interpretation of data, especially in accordance with
the rule of Occam's razor. (1.1.4)
Occam’s razor: The proposition that where multiple conclusions are
found to be equally possible, the simplest is the true conclusion. (1.1.4)

https://www.britannica.com/biography/William-of-Ockham

Reflection – how would you pick between
competing (scientific?) theories?
Theory 1 has slightly stronger empirical evidence than the other two
Theory 2 makes a little more logical sense than the other two
Theory 3 is simpler than the other two
Which theory would you accept?

Case Study – the Copernican Revolution

Occam’s Razor/Parsimony practice exam question:
Consider the following scenario: you’re in your bedroom, getting
ready to go to sleep, and you just pressed the light switch, after
which the lights went out. Now, there are several possible
explanations for why the lights went out right after you pressed
the switch:
1. The lights went out because you pressed the switch.
2. The lights went out because at the exact second you pressed
the light switch, there was a power outage.
3. The lights haven’t actually gone out since the light switch
doesn’t work, but at the exact second you pressed the switch
you developed a special type of vision impairment, which
caused you to think that they did.
Define either parsimony or Occam's razor and use it to justify
which of the three explanations is the most plausible for why the
lights turned off right after you pressed the switch."

One representation
of the Scientific
Method
The first thing to understand is
that there is no one method in
science, no one way of doing
things.
- The Conversation, 2016
There is an important part
played by intuition and
deductive thought in the
development of an exact
science
- Einstein
The scientist’s acts are personal
judgements exercised responsibly
with a view to a reality with
which he is seeking to establish
contact.
- Michael Polanyi, 1966, P77

https://undsci.berkeley
.edu/flowchart_nonint
eractive.php

The scientific report – as a practical form of
scientific method for the science extension student

A more scientific version of the “Guess the Rule”
game….
… where the universe never confirms whether
your rule is correct!

So what is science?
1. Science is fundamentally based on observations and measurement (empiricism)
• But empiricism, and science, are not the only way we know things (epistemology). Don’t fall into the trap of scientism – other
ways of knowing may be more appropriate for other disciplines that are also valid.

2. Science involves interpretation of observations to form general rules (induction) that can have
explanatory power over observations
• Induction can never prove a theory or rule, just provide increasingly convincing evidence for it. E.g. inferential statistics.

3. These general rules or theories can be used to make predictions (deduction) that can have practical
uses, and allow for theories to be tested.
• Testing theories with strategically chosen experiments reinforces that science is an empirical pursuit.

4. Real progress is made when rules are proven to be wrong (falsified) so scientists should encourage
tests that try and break the rules, or questioning against prevailing theories.
• Scientific statements, according to Popper, should therefore be written in a way that can be proven wrong (falsifiable)
otherwise, maybe we shouldn’t call them scientific.

5. Falsification and scientific progress in the real world is rarely simple. Value judgements need to be
made about the probability of competing theories being correct. Science isn’t… an exact science.
• Scientists should consider the strength of the experimental evidence including reliability and validity, the soundness of the
logic of the explanatory mechanisms, and if necessary, the simplicity of the explanatory mechanism (Parsimony/Occam’s
Razor) when making evaluations.

Final reflections:
1. Science is actually too complicated to simply read from a book, it’s
something that needs to be experienced (empiricism?). So teach and learn
science scientifically! Specifically, treat Science Extension as a trade
apprenticeship in Science. Trust your teachers and learn from the
experience of doing scientific research.
2. Recognise that while Science provides amazing answers and is a very
effective method of working out truths about the physical/natural world,
Science alone cannot provide the answer to every question. There is more
to your existence and your knowledge than what Science alone can offer.
3. Celebrate that Science is a continually progressing field. Hold your views
boldly, but also with humility by welcoming questioning and dissenting
ideas. Science is complex, we can’t be sure we’ve make the right
assumptions when deciding between competing theories. Most Scientific
knowledge of today will be either falsified or at best superseded by more
precise theories as the process continues.

What all scientists believe - that science offers us an aspect of reality,
and may therefore manifest its truth inexhaustibly and often
surprisingly in the future. Only in this belief can the scientist conceive
problems, pursue inquiries, claim discoveries; this belief is the ground
on which he teaches his students and exercises his authority over the
public. And it is by transmitting this belief to succeeding generations
that scientists grant their pupils independent grounds from which to
start toward their own discoveries, possibly in opposition to their
teachers.
The Tacit Dimension (Michael Polanyi, 1966, P66)

