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Module

Science toolkit

Overview

Scientists must ensure that their investigations follow
the scientific method so that their methodology

is reliable and the results accurate and valid. This
allows other scientists to repeat the investigation

and obtain the same results to verify hypotheses and
conclusions. The scientific methodology also helps
scientists identify risks they could experience during
an investigation and how they are mitigated.

To verify their data, scientists keep a logbook
which includes dates, data, changes made and any
errors they need to account for. This ensures that
scientists take any outlier data into account when
completing calculations, as well as identifying the
effect of errors on their results. The data can then be
analysed for any trends which help prove or disprove
the hypothesis and support their conclusion. Most
scientists will communicate their findings as a
scientific report; however, a scientific poster is a
concise way to communicate key information.

This Science toolkit includes all the content you
need to learn as part of the Science Inquiry sub-
strand of the Victorian Curriculum Version 2.0.
You will be building on the skills covered in Years 7
and 8, while learning new aspects of the scientific

method and how to communicate your findings.




Lessons in this module

Lesson 1.1 Scientists value the knowledge and
skills of Aboriginal and Torres Strait Islander
Peoples (page 4)

Lesson 1.2 Scientists follow the scientific method
(page 10)

Lesson 1.3 Scientists form hypotheses that can
be tested (page 15)

Lesson 1.4 Scientists plan and conduct
investigations (page 18)

Lesson 1.5 Scientists always take safety
precautions (page 23)

Lesson 1.6 Scientists use specialised equipment
(page 29)

Lesson 1.7 Scientists use tables, graphs and
models to record and process data (page 33)
Lesson 1.8 Scientists keep a logbook (page 41)
Lesson 1.9 Scientists analyse trends in data
(page 45)

Lesson 1.10 Scientists evaluate conclusions
(page 50)

Lesson 1.11 Scientists communicate their
findings (page 57)

Lesson 1.12 Command terms identify the tasks
in a question (page 63)

Lesson 1.13 Review: Science toolkit (page 66)
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Learning intentions
and success criteria

Country aterm
used by Aboriginal
and Torres Strait
Islander Peoples
to describe the
connections between
land, water, sky,
animals, plants,
people, stories,
songs, cultural
practices and
spiritual beliefs
that make up a
traditional area

4 Oxford Science 9 Victorian Curriculum

Lesson 1.1

Scientists value the knowledge and
skills of Aboriginal and Torres Strait
Islander Peoples

Key ideas

— Aboriginal and Torres Strait Islander Peoples have developed sophisticated science
skills that enabled them to survive and thrive some of the most challenging
environments in the world for tens of thousands of years.

— Indigenous science sees everything as connected - the land, water, plants, animals and
people are all part of one big system that remains in balance.

— The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples is
now recognised and valued by Western scientists.

Australia is home to many Aboriginal and Torres Strait
Islander Peoples

Australia is home to over 250 different Aboriginal and Torres Strait Islander Peoples, each
with their own culture, customs, language, laws and knowledge systems.

Aboriginal and Torres Strait Islander Peoples — also known as First Nations Peoples — have
lived in Australia and the islands of the Torres Strait for at least 65,000 years, making them
the oldest surviving cultures in the world. Aboriginal and Torres Strait Islander cultures in
Australia are incredibly rich and diverse. Although these groups are different and distinct,
they share a deep connection to Country.

The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples
developed as part of their connection to Country over tens of thousands of years. They cover
a wide range of areas, such as:
¢ detailed local knowledge of weather patterns, seasons and tides (Figure 1)

e knowledge of the stars and astronomy

¢ bush food, medicine and healing

¢ detailed knowledge of natural resources and how to manage them sustainably
¢ the physics required to design, make and use a variety of tools.

The knowledge and traditions of Aboriginal and Torres Strait Islander Peoples suffered
significantly after the English colonised Australia from 1788. Over many decades, government
policies have had a devastating impact on Aboriginal and Torres Strait Islander Peoples. These
policies have directly (and indirectly) removed people from their traditional lands, broken
families up and prevented culture, knowledge, skills and language from being passed down
from generation to generation. This includes passing down scientific knowledge and skills.

Despite the negative impacts of colonisation, the cultures, languages, beliefs, knowledge
and skills of Aboriginal and Torres Strait Islander Peoples have survived and are still
practised today. In fact, this knowledge is gaining recognition for its scientific rigour and
relevance to modern-day challenges such as climate change and sustainability.

Oxford University Press
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Figure 1 The Wurundjeri people of the Kulin Nation in Victoria identify seven seasons in their calendar. These
seasons are marked by changes in the weather, the life cycles of plants and animals, and the position of the stars in
the sky at night.

Indigenous science

Aboriginal and Torres Strait Islander Peoples have developed sophisticated science skills that
enabled them to survive and thrive some of the most challenging environments in the world
for tens of thousands of years.

Over this time, Aboriginal and Torres Strait Islander Peoples created sophisticated
systems for closely observing Country, identifying the similarities and differences between
the individual parts and how they work together to create a balance. This approach to close
observation, grouping and classification to identify patterns and balance has been passed
down through storytelling that often models the consequences if balance is not maintained.
Today, this body of knowledge and skills is referred to as Indigenous science.

While Western science often relies on comparative testing, it is recognised that the
Indigenous approach to science — observation, classification, identification and modelling —
is a unique way to approach the investigation of the natural world that is place-specific,
producing knowledge that is tailored to a particular environment.

Oxford University Press
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Indigenous
science asystem of
knowledge developed
by Aboriginal and
Torres Strait Islander
Peoples over tens of
thousands of years
that combines careful
observation and
testing of the natural
world with cultural
understanding

to explain how

things work and are
connected in nature

Western science
a system of
knowledge based on
careful observation,
measurement, testing
and experimentation
(known as the
scientific method)

to develop and test
hypothesis to explain
how things work

Module 1 Science toolkit 5
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The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples is
now recognised and valued by Western scientists. It is integral to current conversations and
collaborations around some of the biggest scientific questions of today, such as sustainability,
management of natural resources, food security and climate change.

Examples of Indigenous science

Aboriginal and Torres Strait Islander Peoples developed advanced scientific knowledge and
skills that were integral to survival, cultural practices and management of the environment.

Astronomy

Aboriginal and Torres Strait Islander Peoples have a rich tradition of using the stars for

navigation, timekeeping and cultural storytelling. Today, there are many Aboriginal and

Torres Strait Islander Peoples who are sharing their knowledge with the wider community

including Krystal de Napoli and Karlie Noon.

¢ Navigation: The stars, moon and constellations are used to navigate large distances
across land and sea. For example, Torres Strait Islander Peoples use star maps for
navigation at sea.

¢ Seasonal calendars: Many Aboriginal and Torres Strait Islander Peoples developed
complex seasonal calendars based on the appearance of certain stars or constellations. For
example, the Wardaman people of the Northern Territory associate the appearance of a
star cluster known as the “Seven sisters” with the start of the wet season.

¢ Predicting events: Knowledge of lunar cycles and eclipses is used to predict
environmental changes, such as tides and animal migrations.

Ecology and land management

Aboriginal and Torres Strait Islander Peoples developed sophisticated land and water

management practices that have sustained ecosystems for thousands of years. Today there

are Aboriginal and Torres Strait Islander Peoples who keep this traditional knowledge alive

and collaborate with communities to teach traditional practices, including Victor Steffensen

(Figure 2).

¢ Cultural burning: Aboriginal and Torres Strait Islander Peoples use controlled burning
to manage landscapes, promote new growth and encourage biodiversity (Figure 3). This
practice (also known as “cool burning” and “fire-stick farming”) has shaped Australia’s
ecosystems.

¢ Using resources sustainably:
Knowledge of plant and animal life
cycles has ensured sustainable harvesting.
For example, certain plants are only
harvested at specific times to allow time
for them to regrow.

¢ Water management: In dry regions,
Aboriginal and Torres Strait Islander
Peoples have developed techniques

to locate and manage water sources, . L
such as digging soakage wells or using Figure 2 Victor Steffensen, a Tagalaka man, is
natural indicators (e.g. bird behaviour) deeply committed to teaching cultural burning
practices, through workshops and initiatives like the
Firesticks Alliance. He shares this knowledge with

both Indigenous and non-Indigenous communities,
emphasising the importance of understanding the land’s
needs and fostering a healthier relationship with nature.

to find water.

6 Oxford Science 9 Victorian Curriculum Oxford University Press
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Medicine

Aboriginal and Torres Strait Islander
Peoples have an extensive knowledge of
medicinal plants and healing practices,
developed through observation and testing.
* Plant-based medicines: Plants like
eucalyptus, tea tree and kangaroo apple
are used for their antiseptic, anti-
inflammatory and healing properties

Figure 4 Tea tree
(Melaleuca) leaves
and seeds are used for

their antiseptic, anti-
) inflammatory and
leaves are used to treat respiratory Figure 3 Cultural burning in Kakadu National Park healing properties.

conditions. Aboriginal and Torres
Strait Islander Peoples also understood the dosage and preparation of medicinal plants,

(Figure 4). For example, eucalyptus

such as boiling, crushing and infusing, to maximise their effectiveness.

* Healing practices: “Ngangkari” (traditional healers) of the Ngaanyatjarra, Pitjantjatjara
and Yankunytjatjara lands (in the remote western desert of Central Australia) combined
physical treatments with spiritual healing to set broken bones and care for wounds.

Engineering
Aboriginal and Torres Strait Islander Peoples developed tools, structures and technologies
suited to their environments.

* Tools and weapons: Boomerangs, spears and spear-throwers were designed using
principles of aerodynamics and physics. Boomerangs, for example, were crafted to return
to the thrower or travel long distances, depending on their purpose (Figure 5).

e Fish traps and aquaculture: The Gunditjmara people of Victoria created traps and
dug channels to catch and farm eels at Budj Bim Cultural LLandscape — a UNESCO World
Heritage site near Warrnambool in western Victoria (Figure 6).

* Housing and shelter: Structures like
bark huts, stone houses and windbreaks
were designed for insulation, ventilation
and protection from the elements,
reflecting an understanding of materials

science and environmental conditions.

Figure 5 The Luritja and Pertame Peoples in Central Figure 6 The Gunditjmara people of Victoria dug

Australia design and craft boomerangs, spears and these channels to catch and farm eels. These channels

spear-throwers. are at least 6,600 years old.
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David Unaipon

The Australian $50 note features David Unaipon (Figure 7A), born in 1872 on the Lower

Murray in South Australia, who was a member of the Ngarrindjeri people and is recognised for

his contributions to science and technology and improving the lives of Aboriginal Australians.
Between 1909 and 1944, Unaipon

submitted 19 provisional patents for his E)Q

inventions; he.cc?uld nc'>t aff.ord to patent 15,624, 3 Seph. D. Usareon, Sill

all of them. His inventions included a Classes 37.6; 60.1.
modified hand piece used in sheep shearing Mechanical Motion. 3
(Figure 7B), a centrifugal motor, a multi- Straight line motion for sheep shears, &e:

radial wheel and a mechanical propulsion oA AurfHoe~andis pivotally connected to
device (helicopter).

the secrets of perpetual motion.

USTRAL|AJ' e

R

A sliding and 1(~uprocatmn arm co-acts with

mov: m;, cutter runnm" in \tl‘!ll"llt tenon.

. I15624/09 ~FISL-
Even into old age, he worked to unlock

5 figures, 2 claims,

Figure 7 (A) David Unaipon features on the $50 bank note. (B) David Unalpon s patent for the modified hand piece used in sheep shearing.

Agriculture

Aboriginal and Torres Strait Islander
Peoples practiced sustainable agriculture
and developed methods to store and
preserve food.

Cultivation: Evidence suggests that
some Aboriginal Peoples in Victoria

and New South Wales cultivated yams,
grains and other plants. Grinding stones
that date back 30,000 years indicate the
processing of seeds and grains.

Food preparation: Techniques like Figure 8 Aboriginal Peoples across Far North
Queensland observed that the seeds and stems of

. cycad plants could be poisonous. They planned and
to treat certain plants, such as Cycads’ SO conducted tests to discover ways to make them safe

that toxins were removed, making them to eat.
safe to eat (Figure 8).

roasting, crushing and soaking were used

Food preparation and preservation: Smoking, drying and fermentation were used to
preserve meat, fish and plants. For example, Torres Strait Islander Peoples preserved fish
and dugong meat for long-term storage.

Seasonal harvesting: Knowledge of seasonal cycles ensured that food resources were
harvested sustainably, preventing overuse.
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Different approaches, similar goals

Indigenous science and Western science both aim to understand the natural world, but they

can use different paths to get there. Indigenous science sees everything as connected — the

land, water, plants, animals and people are all part of one big system that remains in balance.

Western science, on the other hand, has often broken things down into smaller parts to study

them separately in controlled experiments before reconstructing the whole. Table 1 shows

some of the different approaches taken by Indigenous and Western science to achieve similar

goals and outcomes.

Table 1 A comparison of Indigenous science and Western Science

Indigenous science

» Science is passed down orally through
stories, songs and direct teaching.

*  Knowledge is integrated with cultural and
spiritual systems.

* Everything is viewed as interconnected and
part of one system.

* Methods are specific to local environments
and contexts.

*  Knowledge is developed and modelled in
local environments by the whole community
over generations.

» Its focus is on understanding specific places
and ecosystems in detail.

Check your learning 1.1

Check your learning 1.1

Retrieve

1 Define Indigenous science.

2 Identify one way in which Indigenous science is
similar to Western science and one way in which

it is different.

Comprehend

3 Describe why it is important to refer to
Aboriginal and Torres Strait Islander Peoples as

“Peoples” and not “people”.

Western science

Science is written down in formal
documents, papers and textbooks.

Knowledge is considered separate from
cultural and spiritual systems.

Focus is on breaking things down into
separate parts to study them (e.g. fields such
as Biology, Chemistry and Physics).

Methods used are standardised so that they
can be repeated anywhere.

Knowledge is often developed by specialist
experts in laboratories.
It usually aims to find universal laws (rules
that apply everywhere).

6 Explain why it is important to communicate the
results of an experiment to produce clean water
or identify plants that are safe to eat.

Apply

7 Identify the Aboriginal and Torres Strait
Islander nations in your local area. Carry out
some research to investigate one or two examples
of scientific knowledge and skills used by one or
more of these groups.

8 Compare and contrast two differences between

4 Describe one example of Aboriginal and Torres
Strait Islander Peoples observing the world.

5 Describe one example of an experiment that
Aboriginal and Torres Strait Islander Peoples
may have conducted thousands of years ago.

Oxford University Press

Indigenous science and Western science. In
your answer, use specific examples from both
knowledge systems to support your comparison.
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®

Learning intentions
and success criteria

valid where a test
investigates what it
sets out to investigate

inference a
conclusion based
on evidence and
reasoning

hypothesis a
proposed explanation
for a prediction that
can be tested

Lesson 1.2

Scientists follow the scientific method

Key ideas

— The scientific method is a framework that helps scientists figure out how things work
by asking questions and testing ideas. It is an essential tool to guide scientific inquiry

and research that is valid and reliable.

— There are five stages to the scientific method.

— Pseudoscience is a term used to describe theories, beliefs or claims that seem scientific
but aren't backed by any real evidence or results from experiments.

Introducing the scientific method

Being a scientist means that you need to use the scientific method. The scientific method is
a framework that helps scientists figure out how things work by asking questions and testing

ideas. It is an essential tool to guide scientific inquiry and research that is valid and reliable.

At each stage of scientific inquiry, the scientific method outlines what a scientist must do

in order to ensure their findings can be trusted. It also helps scientists evaluate and test the

claims and findings made by other scientists. This is known as “peer review”, and helps to

ensure all scientific findings are valid.

There are five stages to the scientific method (Table 1). In this module, you will develop
the science inquiry skills needed at each stage of the scientific method. These skills will
ensure you can investigate ideas, solve problems, draw valid conclusions and develop

evidence-based arguments.
Table 1 The five stages of the scientific method

Stages of the

scientific method What happens at each stage

Stage 1: A curious scientist has questions about

Questioning and | the world. Observations lead to asking

predicting questions, making inferences and
forming hypotheses to be tested.

Stage 2: There are many different ways to test a

Planning and hypothesis.

conducting They could use information or data

that already exists, design a controlled
experiment or complete field work to
generate their own data. This approach
allows them to collect and organise
reliable information that can be trusted by
everyone in the community.

When conducting an investigation,
appropriate safety precautions must be
taken, risk assessments completed and
specialised equipment selected so precise
and accurate data can be collected.
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Lessons in this module

Lesson 1.3 Scientists form
hypotheses that can be tested
(page 15)

Lesson 1.4 Scientists plan
and conduct investigations
(page 18)

Lesson 1.5 Scientists always
take safety precautions
(page 23)

Lesson 1.6 Scientists use
specialised equipment

(page 29)
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Stages of the
scientific method

Stage 3:
Processing,
modelling and
analysing

Stage 4:
Evaluating

Stage 5:
Communicating

What happens at each stage

Data collected and any changes made
should be recorded in a logbook.

Patterns in the data might provide
evidence that the hypothesis is supported,
so scientists need to process and analyse
the data so they can create models that
can be tested further.

Once the data has been collected, it must
be checked to make sure it tells the full
story of what has happened. Scientists
look for patterns and trends that might
show a predictable relationship to support
the hypothesis.

Once the data has been processed and
analysed, scientists need to compare the
new information with the hypothesis or
other experiments. Does it answer the
original question? Does the information
tell the same story as other scientific
investigations? Can it be used to explain
the original observations?

This process is different to processing and
analysing data. Evaluating the science means
that scientists must consider the accuracy
and importance of their work. Scientific
investigations can only be used to make
decisions or design solutions to problems if
they can be trusted.

The work of scientists is only important if
people know about it. Consider the safety
features of a car. Seatbelts, airbags and
braking systems are only included in cars
today because scientists communicated

the results of their scientific process to car
manufacturers and the public.

Scientists must be able to explain what
they do to many different audiences.
Good science communication explains a
complex scientific idea in simple language
that everyone can understand. This allows
science to influence environmental, social
and economic change.

Lessons in this module

Lesson 1.7 Scientists use tables,
graphs and models to record
and process data (page 33)
Lesson 1.8 Scientists keep a
logbook (page 41)

Lesson 1.9 Scientists analyse
trends in data (page 45)

Lesson 1.10 Scientists evaluate
conclusions (page 50)

Lesson 1.11 Scientists
communicate their findings
(page 57)

Lesson 1.12 Command terms
identify the tasks in a question
(page 63)

As shown in Figure 1, the scientific method is often presented as a cycle because the
results from one scientific inquiry can lead to new questions, prompting further investigation

and greater understanding of the scientific explanations. This means scientists often loop
back to earlier stages of the process to refine understanding and continue their research. Most
of the time, science inquiry is not a linear progression where you simply follow steps once and

reach a final result.
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pseudoscience

a claim that has not
been tested using the
scientific method

STAGE 1
Questioning and
predicting

STAGE 2
STAG!E 5 . Planning and
Communicating conducting

The Scientific
Method

STAGE 3
Processing, modelling
and analysing

STAGE 4
Evaluating

Figure 1 The scientific method

Why the scientific method is important

The scientific method is important for several reasons.

It helps us tell the difference between claims that have reliable evidence and
claims that have no evidence. Instead of guessing or believing rumours, scientists use the
scientific method to test a claim. For example, if someone says “Eating carrots helps you see
in the dark”, rather than just believing them, we can use the scientific method to check if this
claim has evidence to support it.

It allows other people to check our work. When scientists do experiments, they
write down exactly how they did everything. This means other scientists can try the same
experiment to see if they get the same results. It’s like a very detailed recipe — anyone can
follow it, and they should get similar results.

It teaches us to be curious and think critically. Instead of just accepting what we’re
told, the scientific method encourages us to ask questions, look for evidence, and come to our
own conclusions based on careful observation and testing.

Pseudoscience

Pseudoscience is a term used to describe theories, beliefs or claims that seem scientific but
aren’t backed by any real evidence or results from experiments (Table 2 (page 13)). The
word “pseudo” (pronounced SYOO-doh) comes from an Ancient Greek word that means
“false”.
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Table 2 Common pseudosciences

Type of pseudoscience Description

Astrology The belief that the positions of stars and planets at the time of your
birth determine your personality and future.

While astronomy is a real science that studies planets and stars in the
universe, astrology makes predictions without any scientific evidence.

Crystal healing The belief that different crystals have healing powers.

Crystals are beautiful minerals that are studied by geologists, but there
is no scientific evidence that they can cure illnesses or are beneficial to
our health.

Flat Earth idea The belief that Earth is flat rather than spherical.

This contradicts centuries of scientific observations, satellite imagery
and physics.

Unlike real science, pseudoscience doesn’t follow the scientific method. This means it
doesn’t involve carefully collecting evidence and testing ideas over and over. One example of
a popular pseudosci<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>