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Practice question
exchange
Do you have practice questions or a Science Extension
trial paper that you are willing to share? Let's
collaborate
Contact Alison Gates
e. agates@barker.nsw.edu.au

What makes
Science,
Science?

Philosophical discourse requires reflection and feedback

At the end of the lecture, submit your responses via the supplied Google Form

What makes
One
thing you agree
Science,
Science?
with / appreciate

I agree with…
I appreciated how…

One thing you
disagree with /
challenge / question

I want to disagree that…
I want to challenge what you said about…
I want to question…

What makes science, science?

PERSPECTIVE /
FOCUS

PURPOSES

PRINCIPLES

PROCESSES

What makes
science,
science?
Some
shared
about the
perspective/
topic of
Science

The study of things
The study of the physical world
The study of why things happen

What makes
science,
science?
Some
shared
about the
purposes of
Science

To understand (how things work)
To answer questions
To offer explanations / make sense
To push boundaries
To better our daily life
To create knowledge

What makes
science,
science?
Some
shared
about the
principles of
Science

Fair
Honest
Collaborative
Coherent/logical/consistent
Curious
Questioning/sceptical

What makes
science,
science?
Some
shared
about the
processes of
Science

Observing (empiricism)
Experimentation
Falsification
Induction / Deduction (Developing
and testing theories)
Disseminating
Following some scientific method
Following practices for validity,
accuracy, reliability

The Science Extension Syllabus

Module 2: The Scientific Research Proposal
Module 3: The data, evidence and decisions
Module 4: The scientific research report

What makes science, science?
Thesis 1:
It’s the processes of science that make Science, Science

PERSPECTIVE /
FOCUS

PURPOSES

PRINCIPLES

PROCESSES

“To me, 'science' is a verb not a noun.
Happy sciencing!”

It’s about the process:
How did they know this
about the world?
Observations?
Storytelling?
Language?
Tradition?
Reason?
Intuition?

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.
ἐμπειρία - experience

Science purely begins,
and is, OBSERVATION!
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)

The incredulity of St
Thomas
Caravaggio (c. 1602)

“Unless I see the nail marks in his hands and
put my finger where the nails were, and put
my hand into his side, I will not believe.”

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 emotions
- We can only construct meaning through language
- We know things through imagination
- We know through intuition
- We know through memory
- We know things from the testimony of others

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.”

Reason
(rationalism)

Sense
perception
(empiricism)

Emotion

Language

Memory

Imagination

Belief

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.
• Proven mathematical theories
don’t change. 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 be violated, and
change with new empirical
evidence.

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 (e.g. Rebecca goes
to the beach and posts about it on Facebook, or an article is published in a Science
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 scientific questions around 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.
2. How do I know what to study at university? Whether the person I love, loves me?
Whether to take a new job?

Question:
How do we know things?

This question is at the
heart of epistemology

Answer:
One way of knowing things, and the primary epistemology of the
sciences, is through our experiences of sensing them (empiricism).
Question:
By what processes do scientists 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. Salami, Cheese, Watermelon
2. Palm, Christmas, Apple
3. Pie, toast, earth

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 describes his method as one “which by
slow and faithful toil gathers information from things and brings it
into understanding” (Farrington 1964, 89).
Note the order:
1) Gathers information
2) Brings it into understanding

Francis Bacon
(1561-1626)

Science is observations leading to; inferences,
generalisations, theories, laws and models

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

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

Induction in Science

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

Darwin’s Theory of Evolution
…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 in Science

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

Einstein’s theory of relativity
Einstein wrote: “(Empiricism) by no means embraces the whole of the actual process (or science);
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.
(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

Empiricism
Induction
Deduction
Experimentation

Taking patterns that have been
observed in the world around us,
and creating inferences or theories
from these patterns, and applying
these inferences to new situations
to see if they apply in similar or new
ways.

Can you see induction and deduction in this process?

How can you improve your inductive-deductive reasoning?

Falsification
“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. . Every genuine test
of a theory is an attempt to falsify it, or refute it.”
— Karl Raimund Popper

Karl Popper
(1902-1994)

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/

Is contradiction how we make big progress in
science?
It is a mistake to regard the falsification of bold, highly falsifiable conjectures as the
occasions of significant advance in science, and Popper needs to be corrected on this
point… Significant advances will be marked by the confirmation of bold conjectures or the
falsification of cautious conjectures.
Alan Chalmers – What is this thing called Science? (2013) – p74

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/

Practice exam question #1:
(5 marks)
Four Science Extension students come to class and share their ideas for a hypothesis for their
research project. These students are still early in the course and therefore there is a lot of variation
in how strong the hypotheses are.
Student 1: That Ice cream melts faster than ice.
Student 2: Will fertilizer make my lawn grow?
Student 3: That Pepsi is better than coke.
Student 4: That water with higher salt concentration takes longer to freeze.
With reference to the four proposed hypothesis. Describe what makes a good hypothesis for
scientific research?

A scientific hypothesis must be falsifiable, have a clear
purpose and lead to a conclusion.

What makes science, science?
Thesis 1:
It’s the processes of science that make Science, Science
Thesis 2:
Science processes are aligned with philosophies of
empiricism, induction/deduction, experimentation

Science is asking questions of nature
Richard Feynman on the process of science:
“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?”

Science is the asking of questions and making
observations about the world around us
Science is attempting to understand the world
around you. Questioning the world, coming up with
a theory and testing the theory.

But what are the right questions to ask?
What’s the specific process?

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

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?

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

Practice exam question #2:
(5 marks)
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
Discuss the relative merits of each theory based on the information provided.
Use terms from module 1 of the syllabus in your answer.

So what is the
scientific
method?
Guess
Compute
Compare with
observation
If it disagrees with
observation – it’s wrong

One representation
of the Scientific
Method I like…

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

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

What makes science, science?
Thesis 1:
It’s the processes of science that make Science, Science
Thesis 2:
Science processes are aligned with philosophies of
empiricism, induction/deduction, experimentation
Thesis 3:
There is no single overarching description of a scientific
method or experiment.

Thesis 3:
There is no single overarching description of a scientific
method or experiment.
The first thing to understand is that
there is no one method in science,
no one way of doing things.
- The Conversation, 2016
I say science is fluid and evolving.

I reaffirm that there is no general
account of science and scientific
method to be had that applies to all
sciences at all historical stages in
their development.
- Alan Chalmers, What is this thing
we call science, 2014 p227

But for all its success, and all the legend surrounding it, this blueprint for knowledgegathering isn’t as simple as it appears in textbooks…. To accept a science-first
philosophy is also to abandon the notion of the one true scientific method, as many
philosophers have in recent decades.
- Cody Cottier, What is the Scientific Method and how did it shape Science? 2021

Thesis 3:
There is no single overarching description of a scientific
method or experiment.

Solving standard problems, performing standard experiments and
eventually by doing a piece of research under a supervisor who is already
a skilled practitioner within paradigm, an aspiring scientist becomes
acquainted with the methods, the techniques and the standards of that
paradigm. Tine aspiring scientist will be no more able to give an explicit
account of the methods and skills he or she has acquired than a master
carpenter will be able to fully describe what lies behind their other skills.
Much of the normal scientist’s knowledge will be tacit, in the sense
developed by Michael Polanyi (1973).

What is this thing called Science? (Alan Chalmers, 2014,
P104)

Perhaps science is the process of continually
"standing on the shoulders of [the] giants" from
before us, as can be seen across human history in
essentially every discipline.

What makes science, science?
Thesis 1:
It’s the processes of science that make Science, Science
Thesis 2:
Science processes are aligned with philosophies of
empiricism, induction/deduction, experimentation
Thesis 3:
There is no single overarching description of a scientific
method or experiment. Science is the action scientists do.
Conclusion: Learn science by doing, experimenting, and becoming an
apprentice scientist (i.e. do Science Extension)

Philosophical discourse requires reflection and feedback

At the end of the lecture, submit your responses via the supplied Google Form

What makes
One
thing you agree
Science,
Science?
with / appreciate

I agree with…
I appreciated how…

One thing you
disagree with /
challenge / question

I want to disagree that…
I want to challenge what you said about…
I want to question…

