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Introducing Oxford Science 8 Victorian

Curriculum (Third edition)

Congratulations on choosing Oxford Science 8 Victorian Curriculum (Third edition)
as part of your studies this year!

Oxford Science 8 Victorian Curriculum (Third edition) has been purpose-written to meet the
requirements of the Victorian Curriculum Version 2.0 Science. It includes a range of flexible
print and digital products to suit your school and incorporates a wide variety of features
designed to make learning fun, purposeful and accessible to all students!

Key features of Student Books

The Science toolkit is
a standalone module
that explicitly teaches
important Science
inquiry skills.

The Aboriginal and
Torres Strait Islander
Histories and Cultures
cross-curriculum priority
is addressed in both
standalone lessons and
within other lessons.

In each core lesson:
a concept statement
summarises the key
concept in one sentence
key ideas are
summarised in succinct
dot points
key terms are bolded in
blue text, with a glossary
definition provided in
the margin
a set of check your
learning questions are
aligned to the learning
intentions for the lesson.

Oxford Science 8 Victorian Curriculum

Lesson 1.2
Scientists value the knowledge and

skills of Aborigina

(&)

| and Torres Strait
|slander Peoples

Key ideas

Australia is home to many Aboriginal and Torres Strait
|slander Peoples

Lesson 7.8
Cells have different roles

Key ideas

Al cells can be spitint

Module 1 scence 103l
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Lesson 1.13
Scientists keep a logbook

Key ideas

~ Alogbo

dto record the details

Module 1 Scirce ook 55

Figure 1 Typica (3 plantand )

Fungal cells
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Lesson 8.16

T

Science as a human endeavour:
Organs can be transplanted

Introduction

I this module, you have learnt that sometimes things go wrong with body systems

ut sometimes tl
Treatments are available to treat many of the malfunctions, but sometimes
trcatments do not improve a person's condition enough. In these cases, cell
organ transplantation might be considered.

Organ transplantation

transplanted.

Ethical issues

and what is wrong. F

“There are mor
available. Ma
transplant. In lin ethical prin
organ must not be affected by the pot

¢ on the waiting Jis

u
available to the person in time.
Most commonly, organs are dt

that their brain is no longer able to keep o

peaple decide that they would be wil
this

During an organ transplant, a disased organ is }akc: fr
replaced with a healthy organ from another person's bod.
the organ is called the recipient and the person giving the
donor, The heart, lungs, kidneys, liver, stomach, pancreas

Organ transplantation can be an effective sl

Ethics is the series

ical issues associated

many different stages of the transplantatior

donors, families and medical practitioners.

people waiting to receive
I

ability or age. Instead, the decision
how long the person has be

hese
issue or

om a person’s body and
The person receiving
organ is called the

and intestines can all be

Jution to a serious problem, but it can
of rules that determines what is right
d with organ transplantation can arise at
n process, and they can involve recipients,

donated organs than there are organs
L will not survive unless they receive a

Jes, the decision 1o offer one of these people an
al recipient’s race, religion, gender, social

s on how well the organ matches.

g for s raplan,ho gt the
s eome i Hils and hthe he organ can b made

jonated by people who are brain dead. This means
heir hearts and lungs functioning. Many

ling to offer their organs for donation and record
b with the Australian Organ Donor Register before they become il or have an

ot When a person dies, however, the family of the doror must also give their

permission for organs to be removed. Ethica

disagrees with the donor’s wishes.

330 Oxford Science 8 Victoran Currculum

l Lesson 5.7

L issues arise when the donor's family

Challenge: Wiring a house

Aim
To

determine the wiring requirements for
ahouse

What you need:

* Cardboard box

 6LEDs

* 4resistors (330 0)

* 9 Vbaery

- Wires

+ Paperclip

« Split pins

* Cardboard

* Optional: decorations for your house

What to do:

1 Design a room ina house that nceds lighting
for at least three parts of the room and a
power switch that needs to be turned on and
off. It may be a bedroom with an overhead
light,a computer or television and a bedside
lamp. It may be a study with an overhead
light, a desk light and a computer terminal.

It may be a kitchen with an overhead light,
an oven light and a fridge where the light
turns on when the door s opened. You
may choose to use several LEDs to make
more complicated overhead lights (such as
a chandelicr).

a Draw your room design.

b Draw a circuit diagram for your room.
Consider whether you need the devices
connected in series or in parallc]
Describe the reasons for each of your
decisions. )

For a complete overview of all the features and benefits of this Student Book:

2 Use the LEDs, wires, resistors, switch and
other items as needed to complete your
room design in the cardboard box.

Questions

1 Describe the advantages and disadvantages
of devices being connected:
a in series
b in parallel.

2 Partylights often have groups of five LEDs
connccted in scries. These groups are then
connected in parallel with other 3

other groups of
LEDs. Deseribe what will happen if one of
the LEDs is damaged.

3 Explain why it is important that resistors be

used when wiring LEDs,

Government codes require circuit switches

(with electrical fuses) to be included in

the electrical wiring of a house. Describe

where you would put a cireuit switch in your

house to prevent damage in the event of a

short circuit

FIgure 1 Whatis the best way o organis
Fgure wanse wiring in

Kids
issues raised
capabilities”

Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

d picces of the liver can be donated by living people. Ehical .
by lving donation are explored in this lesson's “Test your skils an

section.

@ Test your skills and capabilities

Consider the followin

questions. At each step, justify your answer.

A 15-year-old wants to donate one of their two ki
family of the potential donor does ot want t

donating the Kidney.

“To donate a kidney, the
Kidney is removed through a cut in their si

way they move for several weeks

1 Explain why the potential donor may wan
2 Describe how your life coul
3 Explain why the family of the potei

akidney.

4 “The recipient of the donated organ
‘Explain why this could be describe

selling the organ is right o Wrong.

5 Evaluate if the potential donor should
considering how cach person (the potential

recipient and their family) would be affected by
a the kidney being donated
b the kidney not being donated.

Decid

chich of these reasons is the most important.

4 cthical issue raised by organ transplantation and answer the

neys to a sick school friend. The
heir child to put themselves at risk by

potential donor must undergo an operation where the
ide abdominal muscles that can affect the

 to donate their Kidney
Id be affected if you were the potential donor.
ntial donor may not want their child to donate

wants to give a gift to the potential donor.
d as selling the organ. Consider whether

give their kidney to their friend by
1 donor and their family and the

Lesson 2.17

Module 8 Surviving 331

Experiment: What if a muffin were mined

in different ways?

Aim
To compare the effectiveness of different

methods of mining and their impact on
the environment

Materials

* 2 homemade chocolate chip muffins (cach
with the same number of chocolate chips
approximately 20)

* Plates
* Spoans
Method

1 Imagine each muffin is an area of land that
contains a valuable ore: chocolate,

Place a muffin on a plate and use spoons

to “mine” the chocolate from the first

muffin using the “open mining” method,

taking layers off the top and collecting the

chocolate as it appears,

2

Inguiryz What if the muffin was
mined using the sub-surface
method?

Plan and conduct an experiment that answers

the inquiry question.

1 Describe how this muffin can be mined so
that the top environment remains intact.

2 Identify the (ependent) variable that you
will measure and/or observe to determine
which method was more effective.

3 Identify two variables that you will
need to control to ensure that the test is

reproducible

Develop a method for your experiment.

Write this method in your logbook.

Construct an appropriate table to record
your results

4

5

6 Show your teacher your planning to obtain
approval before starting your experiment.

Results
Draw or take a photo of - your two muffins.
Discussion

1 Describe which method recovered the most
chocolate ore,

2

Identify which method recovered the
chocolate ore in the shortest time.
Tdentify which was the casiest method to
recover the chocolate ore.

Explain which method would allow the
environment to be quickly rehabilitated.

3

Figure 1 Equipment for “mnin mining”

Module 2 The o e 111

Find out more

Science as a human endeavour
lessons explore real world
examples and case studies,
allowing students to apply
science understanding.

The Test your skills and
capabilities section provides
scaffolded opportunities for
students to apply their science
understanding while developing
skills and capabilities.

Practical activities appear
within each module, directly
after the core lesson they
relate to. Additional activities
are provided through
Oxford Digital.

Challenges, Skills labs

and Experiments provide
students with opportunities
to use problem-solving and
critical thinking, and apply
science inquiry skills.

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Oxford Science 8 Victorian Curriculum (Third edition)” in the “About this course” menu.

Oxford University Press
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® Key features of

Oxford Digital has been

designed in consultation with
Australian teachers for Australian
classrooms. The new platform
delivers fully accessible, reflowable
course content with videos, auto-
and teacher-marked activities,
interactives and more embedded
right where you need them.

There’s also a range of unique
features designed to improve
learning outcomes.

Physical digestion

oxforddigital

Lesson g

Syster:ns are made up of
cells, tissues and organs

As a student, you can:

> view all Student Book content in a fully accessible, reflowable format that's
delivered in bite-sized chunks so you can work at your own pace

> use the “Read to me” button to have any part of the course read aloud to you

> highlight, take notes, bookmark pages, or define words with the built-in
Australian Oxford Dictionary

> watch hundreds of concise key content videos to help you revise anything
you don't understand, catch up on things you've missed, or help you with your

homework

> complete hundreds of interactive questions and quizzes as you work through
the content and get the answers and results sent to you.

viii Oxford Science 8 Victorian Curriculum

Oxford University Press
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As a teacher, you can:

: > elevate your teaching and reduce planning and preparation time with Live
Lesson mode. This is an Australian first that lets you upgrade from traditional
w print-based lesson plans to fully interactive, perfectly sequenced and timed
interactive lessons complete with classroom activities that are ready to go

> personalise learning for every student and differentiate content based on
student strengths and weaknesses. Assign support or extension resources to
any student using a range of differentiation resources

> Dbegin every lesson with ready-made learning intentions and success criteria

> revolutionise your planning, marking and reporting with powerful analytics on
student performance and progress.

- Assessment report shows how students are performing in each online
interactive assessment, providing feedback for teachers about areas of
understanding

Curriculum report summarises student performance against specific
curriculum content descriptors and curriculum codes

Lesson 8.2 The digestive
system breaks down food

For a complete overview of all the features and benefits of Oxford Digital:

> activate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Oxford Science 8 Victorian Curriculum (Third edition)” in the “About this course” menu.

Oxford University Press Key features of Oxford Digital

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

Science toolkit

Overview

Scientists are curious about the world around them. ,
They investigate how and why things work. To do : - ,/
this, they make observations, ask questions, form L9F ie
hypotheses and conduct experiments to test them.
Scientists gather information and organise it into
charts or graphs so they can look for patterns and
check for mistakes. They use evidence to support
their conclusions so they can explain what they
found in a way that’s easy for others to understand.
This process is known as the scientific method.

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’ll be
learning and developing these skills across Years 7 and
8 and some lessons from the Year 7 course also appear
in this module so you can revise them.

This work must not be reproduced, stored, transmitted or circulated in any other form.
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Lessons in this module
Lesson 1.1 Science is the study of the natural

and physical world (page 4)
Lesson 1.2 Scientists value the knowledge and

skills of Aboriginal and Torres Strait Islander
Peoples (page 7)

Lesson 1.3 Scientists follow the scientific method

(page 13)

Lesson 1.4 Scientists make observations and ask

questions (page 17)

Lesson 1.5 Scientists plan and conduct

experiments (page 21)

Lesson 1.6 Scientists use specialised equipment

(page 26)

Lesson 1.7 Skills lab: Dissecting a chicken wing
(page 29)

Lesson 1.8 Scientists measure and record data
accurately (page 32)

Lesson 1.9 Skills lab: Making a balloon rocket
(page 36)

Lesson 1.10 Scientists use tables, graphs, and
models to record and analyse data (page 37)
Lesson 1.11 Scientists present accurate data
(page 46)

Lesson 1.12 Scientists evaluate claims and results
(page 50)

Lesson 1.13 Scientists keep a logbook (page 55)
Lesson 1.14 Skills lab: Marshmallow slingshots
(page 57)

Lesson 1.15 Scientists use reports to
communicate findings (page 59)

Lesson 1.16 Command terms identify tasks and
communicate responses (page 63)

Lesson 1.17 Review: Science toolkit (page 66)

This work must not be reproduced, stored, transmitted or circulated in any other form.
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science the study
of the natural and
physical world

natural world all
living things in

the world around
us, including
ecosystems and
natural phenomena
(e.g. plants, animals,
oceans, ecosystems,
weather patterns)

physical world all
non-living things in
the world around us,
including the forces
acting upon them
(e.g. rocks, planets,
energy, matter, and
forces such as gravity
and magnetism)

scientist aperson
who studies the
natural and physical
world

philosopher a
“lover of knowledge”;
someone who studies
ideas, theories and
questions

4 Oxford Science 8 Victorian Curriculum

Lesson 1.1
Science is the study of the natural
and physical world

Science is a quest for knowledge

Science is the study of the natural world and the physical world. In other words,
all of the living and non-living things in the world around us. The word “science”
actually comes from the Latin word scientia — meaning “knowledge” — so science is
really just the quest for knowledge.

Scientists are curious people! Many scientific discoveries in the past started
with one person who was curious about something. The world today would be a very
different place if scientists of the past hadn’t asked questions like “How does this
work?” and “Why is this so?”

Curiosity about the world can be motivated by many different things.

Tens of thousands of years ago, the first humans were curious out of necessity.
They had to discover, through trial and error, which foods were edible and which
were poisonous. They also had to experiment with making fire, building shelter
and treating injuries. This curiosity was driven by a need to survive, and could have
life-or-death results!

Curiosity can also come from the
desire to know more. In Ancient Greece,
people were curious to know more about
the Sun, the Moon, the stars and our
own planet. Early scientists were not
called scientists at all — they were called
“natural philosophers” because of their
interest in studying nature (Figure 1).
Philosopher means “lover of
knowledge”. Natural philosophers used
their observations to develop calendars,
to locate Earth in the universe and to
show that Earth is round, not flat.

Curiosity can also be driven by a
desire to solve problems that affect
individuals, communities, countries,
or the entire planet. Many of the
great advances in medicine, such as
the discovery of penicillin, or the
creation of vaccinations to prevent
serious diseases, are the result of
years of scientific research. Scientific
discoveries have changed our lives,
mostly for the better.

Figure 1 Early scientists were called “natural
philosophers”. Natural philosophers used their
observations to develop calendars and to show that
Earth is round, not flat.

Oxford University Press
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Science is in the news every day (Figure 2). Some important
issues that scientists are curious about right now include:

* discovering new energy sources that are cleaner and greener

for the planet

* improving access to clean drinking water and food sources to

support the world’s growing population

» developing treatments and cures for a range of viruses and
deadly diseases (such as the Influenza virus, Ebola virus or

corona viruses).

Scientists find cause
of disease outbreak

Scientists develop

cervical cancer
vaccine

Scientists create
tsunami warning
system

Scientist awarded
Australian of the Year

Figure 2 Curiosity about the world around us has
resulted in many scientific discoveries

* exploring space travel and investigating the possibility of life on other planets

* investigating whether the human brain could one day be replaced by artificial

intelligence.

There are many branches of science

Science measures what we observe around us — see, hear, smell and feel — and tries to
explain what is happening.

You will learn about the four main branches of science this year. These are listed in
Table 1 with information about each one and a list of topics you will study in this course.

Table 1 There are four main branches of science. This year you will be learning about each of them.

What is it?

What careers
are therein
this branch of
science?

What questions
do these
scientists ask?

What topics will
| be studying in
this course?

Earth and space

The study of Earth’s
systems and its place in
the universe

¢ Geologist
*  Volcanologist
¢ Astronomer

e Palaeontologist
(Figure 3)

*  What can dinosaur
fossils tell us about
modern life on Earth?

+  What do geological
records tell us about
climate change?

*  Module 2 The rock
cycle (page 72)

*  Module 3 Plate
tectonics (page 116)

Physics

The study of matter,
motion, force and
energy, including how
they interact with
each other

* Physicist

* Mechanical
engineer

* Electrical engineer
(Figure 4)

*  How can we keep
our homes warm
or cool?

*  Why does gravity
exist?

*  Module 4 Energy
(page 148)

*  Module 5
Electric circuits
(page 186)

Chemistry

The study of what
things are made of
and how they change
when they interact
with each other

¢ Chemist
* Biochemist
¢ Forensic scientist

¢ Pharmacologist
(Figure 5)

¢ What type of
material would be
best for making
solar panels?

« How can we make
better batteries?

*  Module 6
Physical and
chemical change
(page 206)

Biology

The study of living
things, including their
life processes, growth
and characteristics

* Biologist

* Entomologist

* Marine biologist
(Figure 6)

*  What plants could we
grow in space?

*  How will rising sea
levels affect the Great
Barrier Reef?

*  Module 7 Cells
(page 258)

* Module 8 Surviving
(page 294)

Within each branch of science, there are many different types of careers and roles

for different scientists. Scientists often dedicate many years of study to specialise in

one particular area, but many roles require scientists to use and apply knowledge
from many branches of science at the same time.

Science is an ever-expanding search for knowledge and, as you will learn this year,
there is a lot more for us to learn. Welcome to the amazing world of science!

Oxford University Press
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Figure 4 Electrical engineers usually have a
background in the branch of science called Physics.

Figure 3 Palacontologists usually have a background in
the branch of science called Earth and space science.

Figure 6 Marine biologists usually have a background
in the branch of science called Biology.

Figure 5 Pharmacologists usually have a background
in the branch of science called Chemistry.

Check your learning 1.1

Check your learning 1.1

Retrieve definitions in Table 1 to show how one type

1 Identify the name given to the early scientists.

2 Define the term “science” in your own
words.

Comprehend

3 Describe one reason why being curious and
asking questions is important in science.

4 Describe an idea or invention that has been
developed in your lifetime due to science.

Analyse

5 Scientists claim that “that there are more
than four branches of science”. Evaluate
this statement (by using the examples and

6 Oxford Science 8 Victorian Curriculum

of scientific research might fit into more than
one branch of science) and justify whether
you think this statement is true or false.

Apply
6 Look carefully at Figure 6.

a Propose a possible question about
coral reefs that the scientist may be
investigating.

b Describe the risks that this type of
research may have on:

i the scientist
ii the coral reef.

Oxford University Press
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Lesson 1.2

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 [slander Peoples — also known as First Nations
Peoples — have lived in Australia and the islands of the Torres Strait for at least
60,000 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)
* knowledge of the stars and astronomy

* Dbush food, medicine and healing

» detailed knowledge 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 in 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, broke up families, and prevented culture, knowledge,
skills and language from being passed down from generation to generation. This
includes the passing down scientific knowledge and skills.

©

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

Oxford University Press Module 1 Science toolkit 7
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¢ Coldest days, longest nights and most rainfall of the year.
¢ Wombats come out to graze in the sun.
 Soft tree ferns are eaten when no fruits are available.
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* Cold weather comes
to an end.

¢ Orchids flower.

* Koalas begin mating.

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.

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.

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.

Opver 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

8 Oxford Science 8 Victorian Curriculum Oxford University Press
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balance has been passed down through storytelling that often models the consequences
if the 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.

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.

* 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.

* Cultural burning: Aboriginal
and Torres Strait Islander Peoples
use controlled burning to manage
landscapes, promote new growth and
encourage biodiversity (Figure 2). 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. Figure 2 Cultural burning in Kakadu National Park

Indigenous
science a system 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

Oxford University Press Module 1 Science toolkit 9
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¢ Water management: In dry regions, Aboriginal and Torres Strait Islander
Peoples have developed techniques to locate and manage water sources, such as
digging soakage wells or using natural indicators (e.g. bird behaviour) to find water.

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. For example,
eucalyptus leaves are used to treat respiratory conditions. Aboriginal and Torres
Strait Islander Peoples also understood the dosage and preparation of medicinal
plants, such as boiling, crushing and infusing, to maximise their effectiveness.

).

Figure 3 Tea tree

(Melaleuca) leaves ¢ Healing practices: “Ngangkari” (traditional healers) of the Ngaanyatjarra,
and seeds are used for Pitjantjatjara and Yankunytjatjara lands (in the remote western desert of Central
their antiseptic, anti- A li bined physical ith .. 1 heali brok
inflammatory and ustralia) combined physical treatments with spiritual healing to set broken
healing properties. 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 4)

Figure 4 Boomerangs, spears and spear-throwers — like those of the Luritja and Pertame Peoples in Central
Australia — were designed using principles of aerodynamics and physics.

10 Oxford Science 8 Victorian Curriculum Oxford University Press
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* Fish traps and aquaculture:
The Gunditjmara people of
Victoria created traps and dug
channels to catch and farm eels at
Budj Bim Cultural Landscape — a
UNESCO World Heritage site near
Warrnambool in western Victoria
(Figure 5).

* 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.

Agriculture

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

* Cultlvatlo_nf Evidence suggests t.hat Figure 5 The Gunditjmara people of Victoria dug
some Aborlglnal and Torres Strait channels (shown here) to catch and farm eels at
Islander Peoples in Victoria and New Budj Bim Cultural Landscape (near Warrnambool
S h Wal Iti d . in western Victoria). These channels are at least

out ales, cultivated yams, grains 6,600 years old.
and other plants. Grinding stones
dating back 30,000 years indicate the
processing of seeds and grains.

* Food preparation: Techniques like
roasting, crushing and soaking were
used to treat certain plants, such as
cycads, so that toxins were removed,
making them safe to eat (Figure 6).

* Food preparation and
preservation: Smoking, drying and
fermentation were used to preserve
meat, fish and plants. For example,

. Figure 6 Aboriginal Peoples across Far North
Torres Strait Islander Peoples Queensland observed that the seeds and stems of cycad

preserved fish and dugong meat for plants could be poisonous. They planned and conducted

long-term storage tests to discover ways to make them safe to eat.

* Seasonal harvesting: Knowledge of seasonal cycles ensured that food resources
were harvested sustainably, preventing overuse.

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

Oxford University Press Module 1 Science toolkit
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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

* Passed down orally through stories, songs, .

and direct teaching

*  Knowledge is integrated with cultural and .

spiritual systems

* Views everything 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

* Focuses on understanding specific places and | ¢

ecosystems in detail

Check your learning 1.2

Check your learning 1.2

Retrieve

1
2

Define Indigenous science.

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”.

Describe one example of Aboriginal and
Torres Strait Islander Peoples observing

the world.

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

12 Oxford Science 8 Victorian Curriculum

Western science

Written down in formal documents, papers
and textbooks

Knowledge is considered separate from
cultural and spiritual systems

Focuses on breaking things down into
separate parts to study them (e.g. fields such
as biology, chemistry and physics)

» Uses standardised methods that can be
repeated anywhere

Knowledge is often developed by specialist
experts in laboratories

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 group(s) 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.
Compare and contrast two differences
between Indigenous science and Western
science. In your answer, use specific
examples from both knowledge systems to
support your comparison.

Oxford University Press
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Lesson 1.3

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

Learning intentions
and success criteria

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

Stage 1:
Questioning and
predicting

Stage 2: Planning
and conducting

Oxford University Press

What happens at each stage

A curious scientist has questions about the world.
Observations lead to asking questions, making inferences
and forming hypotheses to be tested.

There are many different ways to test a hypothesis.
Scientists might make observations over time to describe
an event or object. They might compare objects or events
to identify similarities or differences.

They could use information or data that already exists

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

This work must not be reproduced, stored, transmitted or circulated in any other form.

validity a measure
of how accurately a
method measures
what it is intended to
measure

Lessons in this module

Lesson 1.4 Scientists make
observations and ask questions
(page 17)

Lesson 1.5 Scientists plan and
conduct experiments (page 21)
Lesson 1.6 Scientists use specialised
equipment (page 26)

Lesson 1.7 Skills lab: Dissecting a
chicken wing (page 29)

Lesson 1.8 Scientists measure and
record data accurately (page 32)
Lesson 1.9 Skills lab: Making a
balloon rocket (page 36)
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Stages of the
scientific method

Stage 3: Processing,
modelling and
analysing

Stage 4: Evaluating

Stage 5:
Communicating

inference a
conclusion based
on evidence and
reasoning

hypothesis a
proposed explanation
for a prediction that
can be tested

B Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

What happens at each stage

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.

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 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 1.10 Scientists use tables,
graphs, and models to record and
analyse data (page 37)

Lesson 1.11 Scientists present
accurate data (page 46)

Lesson 1.12 Scientists evaluate
claims and results (page 50)

Lesson 1.15 Scientists use reports to
communicate findings (page 59)
Lesson 1.16 Command terms
identify tasks and communicate
responses (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.

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.

14 Oxford Science 8 Victorian Curriculum

This work must not be reproduced, stored, transmitted or circulated in any other form.

Oxford University Press



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

STAGE 1
Questioning and
predicting

STAGE 2
STAGE 5 . Planning and
Communicating conducting

The Scientific
Method

STAGE 3
Processing, modelling
and analysing

STAGE 4
Evaluating

Figure 1 The scientific method

Pseudoscience

Pseudoscience is a term used to describe theories, beliefs or claims that seem pseudoscience
scientific but aren’t backed by any real evidence or results from experiments g{f;}';’;st:j&asrjenti e
(Table 2). The word “pseudo” (pronounced SYOO-doh) comes from an Ancient but are made with
Greek word that means “false”. no evidence to
support them

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 the 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 pseudoscience is astrology (Figure 2).

Oxford University Press Module 1 Science toolkit 15
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Figure 2 Although many people enjoy reading their stars, astrology is a pseudoscience.
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Figure 3 Repeated observations and analysis of patterns by the Wurundjeri people in Victoria identified the
different seasons in their environments.
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Check your learning 1.3

Check your learning 1.3

Retrieve
1 Identify the five stages of the scientific
method.

2 Define the term “pseudoscience” and give
one example of a pseudoscience.

Comprehend
3 Explain why it is so important for scientists
to follow the scientific method.

4 Describe one idea or invention that has
changed in your lifetime due to science.

Analyse

S Compare (the differences between)
these two stages in the scientific method:
“Processing, analysing and modelling”
and “Evaluating”.

Apply
6 It is often said that science is never
“finished”. Evaluate this statement

Lesson 14

(by providing examples of science that are
never finished and deciding if this statement
is true).

Look carefully at Figure 3.

a Propose a possible question about the
local environment that a Wurundjeri
scientist may have investigated.

b Describe the investigation that the
scientist may have completed to answer
their question.

Research the prediction of your star sign

for the next day or week. Evaluate the

truth of this prediction (by identifying how
many star signs there are, describing the
number and ages of people in the world
that would be affected by this star sign and
deciding if this prediction could be true for
all these people).

Scientists make observations and

ask questions

Key ideas

— Scientists make observations using their senses (i.e. what they see, hear, smell, taste

and touch).

— Science involves making observations over time, identifying and comparing things to

identify trends and patterns.

©

— Scientists use their observations to ask questions that can be investigated and infer

(i.e. make an educated guess about) what is happening around them.

Oxford University Press
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observation use
of the senses to
notice and gather
information

quantitative
observation an
observation that uses
anumber, such as a
measurement

qualitative
observation an
observation that
uses words and

is not based on
measurements or
other data

The best way to learn is by
observing

Following the scientific method means that all
scientists following the same general set of rules
and processes when conducting inquiries and
research. This helps to ensure that all scientific
research and findings are based on careful
testing and reliable evidence.

Stage 1 of the scientific method involves
making observations, making inferences and
asking questions (Figure 1).

All good science begins with observation

STAGE 1
Questioning and
predicting

Figure 1 Stage 1 of the scientific method is
Questioning and predicting.

The skill of observation requires you to take notice of the world around you.
Observation is how all good science starts. Before scientists can ask questions or try to
solve problems, they need to first notice what is actually happening in the world. This
includes making note of things that are the same, different or changing over time.

All scientists are curious about the world they live in. They use all of their senses
to observe small changes taking place around them, then try to explain these changes

by asking questions that they can investigate to find answers.

Observations can be quantitative or
qualitative

Quantitative observations use numbers to describe
the characteristics of something. As the name suggests,
quantitative observations describe “quantities” (i.e.
amounts). These quantities are usually accompanied by
units that describe what is being measured (e.g. 2.7 m
(metres) or 23°C (degrees Celsius)). Metres is a measure of
length, and degrees Celsius is a measure of temperature.
Qualitative observations use words to describe
the characteristics of something. As the name suggests,
qualitative observations describe “qualities” (i.e.
characteristics). The five main sense organs of the human
body are essential for qualitative observations. What you
can see, hear, smell, taste and feel are important factors to
include when making qualitative observations. “Rough”,
“sour”, “sweet”, “clear” and “yellow” are examples of
words you might use to describe the qualities of something
being observed.

Asking “What if?”

A variable is something that can affect the results of
an experiment. You can find out how a variable affects
the results by asking a “what if”” question. For example,

18 Oxford Science 8 Victorian Curriculum
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2

125 ml
78

or 5()

Figure 2 A quantitative
observation of this conical
flask is that it contains 100 mL
(millilitres) of liquid at a
temperature of 23°C (degrees
Celsius). A qualitative
observation is that it
contains a clear liquid that has
a sweet smell.
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when conducting a scientific experiment on plant growth, some “what if”” questions
might include:

e What if the temperature was hotter?

e  What if the temperature was colder?

e What if a different type of soil was used (e.g. sand, clay, potting mix)?

*  What if the amount of sunlight the plants receive each day was increased?
*  What if the amount of sunlight the plants receive each day was increased?

Understanding the role of variables

Once a scientist has made an observation and decided on the inquiry question they
want to investigate, it is time to make predictions and form a hypothesis to test. Before
planning an experiment, they need to think about all of the things that might affect

the result. These are known as variables. When a variable is changed, the results of variable something
that can affect the
outcome or results of
an experiment

the experiment might change.

Types of variables
Variables can be independent, dependent or controlled (Table 1).
* An independent variable is the one thing you choose to change in your

experiment. They are called “independent” because they don’t depend on
anything else in an experiment or situation — they stand on their own.

* A dependent variable is the thing you measure at the end of an experiment. They
are called “dependent” because the results “depend” on the independent variable.

* Controlled variables are all the other factors that must be kept the same
throughout your experiment. They are called “controlled” because you control
them during the entire experiment.

Table 1 Different types of variables in an experiment

Experiment scenario Type of variable
To test the growth rate of tomato plants, you The number of hours of sunlight each plant
choose three identical plants and change the receives every day is the independent variable.

amount of sunlight each one receives every day.

After two weeks, the height of the plants are The height of the tomato plants is the
different. dependent variable.
Any factors that aren’t related to the amount These are all controlled variables.

of sunlight the plants are receiving must be the
same for all plants. This includes the:

* amount of water they receive

* type of soil they are planted in
* room temperature

» levels of fertiliser in the soil

» size of the pots.

Forming hypotheses

A hypothesis is a proposed scientific explanation for your question. It should try to
explain why something happens based on previous observations, research or your
reading on the topic. It is often written as an “If... then... because...” statement. The
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“If... then...” part describes what you are testing, and the “because...” part describes
why it should happened. For example:

¢ Prediction: If a tomato plant receives 12 hours of sunlight each day, then it will
grow taller than a plant that receives 6 hours of sunlight each day

* Hypothesis: If a tomato plant receives 12 hours of sunlight each day, then it will
grow taller than a plant that receives 6 hours of sunlight each day because the
more sunlight a plant receives, the more food it can produce via photosynthesis

(Figure 3).
Independent variable: Dependent variable: the
the variable that variable that is tested or
is changed measured at the end
A A
r N A

If a tomato plant receives 12 hours of sunlight a day, then it will grow faster and taller than
a tomato plant that receives only 6 hours of sunlight a day because the more sunlight a plant
receives, the more chemical energy it can produce to grow.

N

J

Figure 3 Elements of a hypothesis

Check your learning 1.4

Check your learning 1.4

Retrieve

1 Define the term “hypothesis”.

2 Identify the name given to the variable that
is being tested (and is therefore changed on
purpose).

3 Identify the two variables contained in a
prediction.

4 Identify one variable that you could not
control in your balloon rocket experiment.

Comprehend

5 Explain why most variables need to be
controlled.

6 Explain why it is important for an
experiment to be reproducible.

7 Describe how to change a “what if”
question into a hypothesis. Use one of the
“what if”” questions above that you did not
test as an example.

20 Oxford Science 8 Victorian Curriculum
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The explanation for the

reasoned prediction

Apply

8

Many experimental reports written by
scientists are peer reviewed. Investigate
what is meant by “peer reviewed” and write a
definition in your own words.

A student wanted to convert their science
question about the type of fishing line used
on the reel of the fishing rod into a hypothesis
(a possible explanation that can be tested
in a reproducible test). Complete the below
prediction and hypothesis to help the student.

Science question: What if a black fishing
line was used to catch a fish instead of a clear
fishing line?

Science prediction: If black fishing line
was used to catch a fish then......

Science hypothesis: If a black fishing line
was used to catch a fish then .... because ...

Oxford University Press
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Analyse b Explain whether Justin conducted a

10 Justin decided to conduct an experiment to reasonable experiment. (Did he control all
find out whether his cats preferred full-cream other variables? Would he have seen the
or low-fat milk. He gave one cat a saucer of same results if he repeated the experiment?
full-cream milk and the other cat a saucer of Was the experiment fair?)
low-fat milk and then left them alone. When ¢ Identify two variables that should have
he returned an hour later, the low-fat milk been controlled. Explain how these
was gone and there was a small amount of variables could have affected the results.
full-cream milk left. Justin concluded that his d Describe two ways Justin could improve
cats preferred low-fat milk. his experiment so that his results were
a Explain why you agree or disagree with more reliable.

Justin’s conclusion.

Lesson 1.5
Scientists plan and conduct
experiments

Key ideas

— An experiment must be a reproducible test to ensure accurate and reliable results.

— Reliable results are those that are consistent and can be trusted because they are
repeatable under the same conditions.

— When planning and conducting scientific experiments, managing risks is crucial for
everyone's safety.

— Ethical issues are important questions or problems that scientists must consider @
before conducting an experiment (e.g. whether the research might harm living things,

the environment, or go against important values like honesty, respect, and fairness). Learning intentions

and success criteria

A goal without a plan is just a wish

Stage 2 of the scientific method involves planning scientific investigations and
conducting experiments (Figure 1).

In this lesson, you will learn about the ways in which scientists plan and conduct
experiments so that:

* they are reproducible

» the results are reliable

* any risks are recognised and managed
* they consider any ethical issues
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¢ they follow necessary protocols (especially when
accessing Aboriginal and Torres Strait Islander
Peoples’ cultural sites and artefacts on Country).

reproducible
test the ability to
replicate the results
of an experiment
under similar
conditions as the
original test

reliable
consistency of a
measurement, test
or experiment

Experiments must be reproducible

Once the hypothesis has been written, it’s time to

plan how to carry out the experiment.

STAGE 2
Planning and
conducting

An experiment must be a reproducible test to
ensure accurate and reliable results. A reproducible
test is one in which only one variable is changed at
a time, and all other conditions are controlled. This

means the test can be reproduced and should achieve
the same results. This helps scientists trust the effect

of the variable being tested.

For example, if you’re testing how
sunlight affects plant growth, you should
keep the type of plant, amount of water,
and soil the same for all the plants, and
only change the amount of sunlight each
plant receives (Figure 2). By doing this,
you can be confident that any differences
in plant growth are due to the amount of
sunlight and not other factors.

This approach helps scientists make
valid conclusions and advances our
understanding of the world.

Results must be reliable

Figure 1 Stage 2 of the scientific
method is Planning and
conducting.

‘N

Figure 2 If you are testing how sunlight affects plant
growth, you should control all other variables like
water, soil, temperature and pot size.

It is extremely important that the results of an experiment are reliable. Reliable
results are those that are consistent and can be trusted because they are repeatable

under the same conditions.

If you do an experiment once,
following your plan exactly, you will
probably get a set of results you think
are accurate and reliable. But what if
you try the experiment again the next
day and the results are different? You
would probably ask:
¢ Did I do things in a different order?
¢ Did the conditions change? (For

example, hotter or cooler weather.)
¢ Did I use different materials? (For

example, a different brand of vinegar
or a slightly different variety of plant.)
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Figure 3 Reliable results are those that are consistent
and can be trusted because they are reproducible under
the same conditions.
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Repeating the experiment until you get the same results at at least three times
helps to ensure your results are reliable. Another way to ensure your results are
reliable is to ask someone else to perform the same experiment multiple times to
confirm that they get the same results. This consistency is crucial for making sure
your findings are precise and trustworthy.

Risks must be recognised and managed

When planning and conducting scientific experiments, managing risks is crucial for
everyone’s safety. Before starting any experiment, scientists need to identify what could
go wrong (e.g. harmful chemical reactions, dangerous equipment or toxic materials).
They must put safety measures in place to prevent accidents and minimise harm.
This includes:
* using protective equipment (e.g. goggles, gloves and lab coats)
» carefully following safety instructions and warnings for chemicals (and other
dangerous materials)
* working in well-ventilated areas
* knowing emergency procedures (including proper disposal of hazardous materials).
It is also important to consider risks not only to the people doing the experiment,
but to others nearby (e.g. animals involved in research) and the environment. For
example, if an experiment requires strong acids, the scientists need safety materials
and equipment nearby and must know how to safely clean up spills.
A well-planned experiment includes thinking ahead about safety. Missing
one small thing could lead to an accident. The goal is to get good scientific results
while keeping everyone and everything safe.

Science laboratories contain hazards

Science is a practical subject that includes hands-on laboratory investigations.
You will be using many pieces of equipment, chemicals and other materials that
are hazardous. A hazard is something that has the potential to put your health hazard something

and safety at risk that has the potential
) to put a person’s

. health and safety
Chemical safety at risk

A chemical may be listed as hazardous if
it is considered dangerous for a person to
touch, or inhale. Most of the chemicals
you will use in your school science
laboratory are safe to use provided
appropriate precautions are taken. When
working with chemicals, you should
always wear a buttoned-up lab coat to
protect your skin and clothes. Safety
glasses should cover your eyes, long hair
should be tied back and closed-toe shoes
should always be worn. Occasionally
you will need to wear gloves. Never taste, smell or mix chemicals unless specifically
directed by your teacher, as this may cause a harmful reaction.

inhale breathein

Figure 4 Safe disposal of materials
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When observing chemical reactions ensure that you do not lean over any open

containers and never breathe in any gases that may be produced. If your teacher
instructs you to smell anything in the laboratory, use your hand to gently waft the gas
towards your nose. If you have any concerns tell your teacher immediately.

Table 1 Read and follow all safety instructions and warnings carefully when planning and conducting experiments.

Material Examples What to do with it
Biohazardous waste = Animal cells and Solids should be collected by your teacher.
tissue Deactivate liquid with bleach (1 part bleach to
9 parts water) for 30 minutes before pouring down
the drain.
Grease and oils Vegetable oils Collect in a bottle and place in regular rubbish.
Machinery oil Dispose of as hazardous chemical waste.
Corrosive liquids Weak acids Pour down the drain.
Strong acids Neutralise the acid or alkali and pour down
or alkalis the drain.
Solids Play dough Place in regular rubbish.
Hydrogen peroxide > 8% Dilute before pouring down the drain.

Safe disposal of chemicals and other materials

Safely disposing of chemicals is just as important as safely using them. Not
everything can be poured down the sink. Some schools have acid neutralising traps
in the drains that allow diluted acids to be disposed of in this way. Other chemicals
can react with the acid traps or can be toxic for the environment. As a result, these
chemicals must be collected at the end of the class and disposed of appropriately
corrosive by your teacher. These chemicals include corrosive liquids, grease and oils,
destructive to living biohazardous wastes and toxic solids. Table 1 lists the safe disposal techniques for

tissues such as skin

and eyes, or to some various materials.

types of metals

Ethical issues must be considered

Ethical issues in science are the questions and decisions that scientists face about
what is right or wrong when doing research. These issues involve making choices
that could affect the wellbeing of people, animals or the environment.

When planning and conducting an inquiry, a simple way for a scientist to

consider ethical issues is by asking “Should we?” rather than just “Can we?”.

For example:

Should we test new medicines on animals?

Could this research harm anyone?

Do the potential benefits of this research outweigh the risks?

Should we share this discovery if it could be used in harmful ways?

Are we being completely honest about our results?

These questions don’t always have clear right or wrong answers. This is why

it is important to discuss and think about them carefully before, during and after
scientific research is conducted.
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Figure 5 There are many ethical issues related to animal testing, including whether animals should have the more
legal rights and how to balance the wellbeing of animals against the benefits of developing safe medicines for
humans and other animals.

Protocols must be followed

When planning and conducting scientific research in the field (i.e. outside the
laboratory), it is important that scientists do their research and seek permission from
the person or organisation that owns the land they will be using to conduct their
research. This could be a private landholder; a company that holds a lease to the land;
or a local, state or federal government organisation.

When conducting research on culturally significant sites in Australia, key
protocols need to be followed. These include:

* requesting and receiving consent from the Traditional Owners of the land on
which the research is being done

* respecting cultural sensitivities and engaging with Elders and community leaders
to ensure these are understood

* not disturbing sacred objects

* limiting access to the site to people who have permission to be there

* ensuring the Traditional Owners understand the aims, methods and possible
impacts (both positive and negative) of the research

* ensuring data is shared appropriately with the community.

Hammersely Gorge (Figure 6) is
located in the Pilbara region of Western
Australia. There are many sacred sites
in the Pilbara region including nearby
Juukan Gorge. In 2020, mining company
Rio Tinto legally destroyed a 46,000
year-old cave in the Juuken Gorge to
expand one of its iron ore mines, despite
its cultural significance to Traditional
Owners. The event led to global
outrage, a parliamentary inquiry, and
changes to Western Australian cultural

A

heritage laws. o e o fainel G5
Figure 6 When conducting scientific research on sites in Australia that are

culturally significant, it is essential that scientists seek permission and follow all
protocols carefully.
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Check your learning 1.5

Check your learning 1.5

Retrieve

1 Define the term “reproducible test”.

2 Identify three ways in which risks can be
managed when planning an experiment.

Comprehend

3 Describe the difference between asking
“Should we?” versus “Can we?” when
planning scientific research. Use a specific
example to illustrate your answer.

4 Explain why repeating an experiment
several times and obtaining the same results
increases the reliability of those results.

5 Explain why scientists must seek permission
before conducting field research on private

Lesson 1.6

or culturally significant land. Support your
answer with two examples from the text.

Apply
6 Analyse the events that resulted from the

destruction of Juukan Gorge by Rio Tinto
in 2020. You will need to conduct some
additional research online for this. In your
response, identify three specific protocols
that were not followed by Rio Tinto.
Examine one ethical issue of your own
choice that scientists might face when
conducting medical research. In your
response, consider both the potential
benefits and risks of the issue.

Scientists use specialised

equipment
)

Key ideas

Learning intentions

and success criteria — Scientists use specialised equipment to conduct experiments in the laboratory and in
the field.

— All instructions and safety protocols need to be followed when using specialised
equipment.

Check the next

lesson for a linked — Scientific diagrams are used to show how specialised equipment needs to be set up to

practical activity conduct an experiment.

or experiment.

Scientific equipment

equipment items Equipment is the term used to describe the beakers, Bunsen burners, conical

:;S;:r;g:‘;to conduct flasks, retort stands and other items used by scientists to conduct experiments.

experiments Using the correct equipment ensures accurate and precise results and the safety
of scientists.
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In Year 7, you learned to recognise and use some common scientific equipment is experiment an
investigation used
to test a hypothesis,

shown in Figure 1. Some of the names may sound unfamiliar, but you will soon learn

what each piece of equipment is called and how it is used. The equipment in your solve a problem or
school laboratory may look slightly different because each laboratory has its own find an answer to a
question

types of equipment.
results the

Scientists often select different pieces of equipment use them together to conduct measurements and
an experiment. This selection of equipment is known as the apparatus for that observations made in
. an experiment; they
experiment.

are often presented
in a table or graph

e laboratory a
specially designed
f space for conducting
research and
K experiments
—— §
. . apparatus
Mea§ur1ng Bunsen Filter equipment placed
cylinder burner funnel together for an
experiment
& ;
Conical Tripod Test tube Stirring rod
i& flask stand
Gauze mat Evaporating Watch glass Thermometer
Retort stand dish
with boss head .
and clamp ]
7z
t i % g
Test-tube Test-tube Metal Spatula
holder rack tongs
Figure 1 Types of equipment used in the laboratory
Dissection is an important skill requiring specialised
equipment
Dissection is the process of cutting apart and observing something in order to learn dissection the
more about it. The word dissection originates from the Latin word dissecare, meaning g;‘;crfzsn‘;f;é’stgr”v%ng
“to cut apart”. something in order to

Although it sounds gory, dissection is an essential learning tool for scientists. learn more aboutit

Dissecting organs and organisms does not just mean “chopping them up”. It requires
careful techniques to make sure that the tissues are not destroyed so that their
structures (i.e. anatomy) can be examined accurately. Dissection also relies on care
being taken with very sharp instruments, such as scalpels and probes.
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Surgical instruments of the past

Early scientists who performed
dissections were know as anatomists. In
the past, anatomists did not always have
access to sterile (i.e. clean) and sharp
cutting instruments, such as scalpels
and precision saws for dissections.
Dissections were performed with the
same tools that surgeons used in early
operations (Figure 2).

Figure 2 Early surgical equipment

Hands-on dissection

Some science skills are best learnt by doing! Follow the steps in Lesson 1.7 Skills lab:
Dissecting a chicken wing (page 29) to learn and practise the skill of dissection.

Safety first

Dissection instruments and workspaces should be cleaned while you are still wearing
your safety gear. Your lab coat and gloves should be on before you start your
dissection, and they should not come off until the dissection is completely finished —
this includes disposal and cleaning!

The last things you should do are:
* remove your gloves and throw them in the bin
e wash your hands thoroughly
¢ take off your lab coat and hang it up.

Dissection equipment

The most common equipment used for dissections in the laboratory include:

e forceps

¢ dissection scissors
¢ probes

¢ scalpels

* tweezers.

Figure 3 Forceps - a tool for grasping, holding, Figure 4 Dissection scissors — a cutting tool with
and manipulating organs and tissue samples two blades used for cutting skin and other tissue.
during dissections. They can act as an extension of Dissection scissors often have rounded tips, which are
the hands and help scientists to make precise cuts. less destructive to the tissue being cut.

28 Oxford Science 8 Victorian Curriculum Oxford University Press

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

——

Figure 6 Scalpel — a small and extremely sharp steel
blade used to make clean, precise cuts.

Figure 5 Probe — a pointed object used to look at and
explore a specimen, and to probe openings.

Figure 7 Tweezers — a hinged instrument used for
grasping and holding objects or organic tissue.

Check your learning 1.6

Check your learning 1.6

Retrieve Comprehend
1 Contrast (i.c. describe the differences 5 Explain why lab coats and gloves should be
between) “dissecting something” and left on until after you have cleaned up.

cutting somethl'ng up' - Analyse
2 Describe why dissection is a useful tool for

.. 6 Explain why our knowledge of human
scientists.

anatomy would be less advanced without

3 List three important safety rules that you dissection.

foll i i ion. . .
el elliontr el e, GhaeEtion 7 Explain why it might be important for a

4 Name three tools that are used as part of a N e e

dissection. Include a sketch of each tool.

Lesson 1.7
Skills lab: Dissecting a chicken wing

Caution e Always cut away from hands.
«  Always wear safety goggles, a lab coat and e If cut, inform your teacher immediately,
gloves when handling animal products. then remove gloves and wash the cut under

clean water. Apply antiseptic to the cut and

» Scalpels and probes are extremely sharp. i ) ]
cover with an adhesive bandage or dressing.

Use with great care.
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<

Aim
To explore the structure and function of a
chicken wing.

What you need:

Newspaper

Dissection board
Forceps or tweezers
Probe

Scalpel

Dissection scissors
Plastic bag for disposal

Figure 1 A scalpel

What to do:

1 Make sure you are wearing appropriate safety

gear: gloves, lab coat and safety glasses.

Set up your workspace, covering surfaces
with newspaper that can be disposed of
easily and collecting any dissection tools you
may need.

30 Oxford Science 8 Victorian Curriculum

3 Collect your specimen for dissection.
Identify all external structures.

e

ST

4 You may want to pin the specimen to the
dissection board to keep it from moving.

6 Use forceps or tweezers to hold and pull the

tissue.
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7 Use scalpels to cut carefully away from your 10 When finished, your specimen should be
hands. Run the scalpel gently over the tissue wrapped in newspaper for disposal and rinse
several times to cut through. Do not dig the your instruments in cleaning solution.

scalpel into the specimen or expect to cut
through it in one movement.

11 Remove your gloves then clean and
disinfect your instruments thoroughly.

8 When you can see what’s under the Finish by washing your hands thoroughly
structure, use scissors to cut some tissue with soap.
away. Scissors with rounded ends are less
likely to cause unnecessary damage to the QU estions

sample than those with pointed ends.

1 Recall why scissors with rounded tips are
used for cutting the skin of the chicken
wing.

2 Explain why a scientist should wear gloves
when completing a dissection.

3 Explain why all equipment should
be disinfected when the dissection is
completed.

4 Identify two professions that need to be

9 Fingers are always the least damaging way skilled in dissection.

to look around’ your specimen. 5 Explain why some people might not want to

practice this skill on a chicken wing.
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Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

accuracy how
carefully, correctly
and consistently data
has been measured
or processed; in
science, how close a
measured value is to
the true value

true value the
actual value to be
measured

precision how
close measurements
of the same item are
to each other

reading error an
error that occurs
when markings on
ascale are not read
correctly

parallax error an
error, or inaccurate
reading, that occurs
as a result of reading
a scale from an angle

Zero error an error
that occurs when

an instrument has
not been adjusted

to zero before

the measurement

is taken

Lesson 1.8

Scientists measure and record data

accurately

Key ideas

— To achieve maximum accuracy, all measurements must be taken carefully, using the

most suitable measuring device.

— Each scientific device must have a scale appropriate to the accuracy that you require.

Measure with the right equipment

When you’re baking a cake in the kitchen, it’s important to

measure your ingredients accurately if you want it to be a success.

You wouldn’t use a bucket to measure a cup of flour because
there’s a high chance that your measurement won’t be accurate.

When conducting experiments in the science laboratory,
measuring accurately just as important if not more so! The first
step in making sure measurements are accurate (i.e. close to the
expected true value) is using the right equipment.

For example, if you need to accurately measure the volume of
a liquid, then you would use a burette (Figure 1) or a measuring
cylinder, but not a beaker. A burette has a more accurate scale
than a measuring cylinder. Both are carefully checked during the
manufacturing process; however, a burette has smaller units that
can be controlled by the scientist. A beaker often has no scale.

Be precise

-Jfr 4
.

J

®

Figure 1 A burette
is piece of specialised
equipment used to
accurately measure
liquids.

Choosing the right instrument is only part of a scientist’s job. It is very important

to take care with your measurements. A precise scientist is someone who checks
their measurements several times to make sure that the measured numbers are
almost the same. For example, if you measured 10 grams of lollies on three different
sets of scales, they may produce the measurements 10.00 g, 9.98 g and 10.01 g.
Although they are not exactly the same numbers, they are very close together. The
measurements are precise. Precision is a special scientific term that means all of

the measures are close together in value.

Indentify errors

The most common errors that occur when scientists are recording measurements include:

* reading errors
¢ parallax errors

¢ Z€ro errors.

32 Oxford Science 8 Victorian Curriculum

This work must not be reproduced, stored, transmitted or circulated in any other form.

Oxford University Press



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

Reading errors

A reading error can result when guesswork is
involved when taking a reading. For example,
when reading lines between the divisions on
a scale, an estimate of the actual reading can
result in a reading error.

The possibility of a reading error can be
recorded in the data by noting the possible
range. For example, if you were reading )
the marks on a ruler (Figure 2), you might E;ﬁ;féi;ﬁ:;gi:?:;;i?}lvr:gef gtﬁsveen
estimate that the reading was somewhere 2.0 centimetres) can produce a reading error.
between 1.6 and 1.8. This can be recorded
as 1.7.

Parallax errors

A parallax error occurs when the eye is
not directly opposite the scale when the
reading is being taken. You can avoid
parallax errors by making sure that your
eye is in the correct position when taking
the reading. For example, when reading the ---
level of a liquid in a measuring cylinder,
place the cylinder on the bench and line up
your eye with the bottom of the meniscus
(Figure 3).

Meniscus

Eye level

Zero errors Figure 3 To avoid parallax error, make sure your
eye is correctly lined up with the bottom of the

A zero error happens when an instrument )
meniscus.

(e.g. a scale) has not been correctly
adjusted to zero before taking a new
measurement (or the reading has not >
taken into account the weight of empty
containers). For example, the scales
shown must have the watch glass placed
on them first and then be set to zero
before weighing the substance shown
(Figure 4).

Ensure accuracy

Figure 4 Scales must be zeroed correctly before
. ) ) ] weighing any substance. When measuring liquids or
investigation, accuracy is key. There are powders, the measuring dish or container (e.g. watch

two main areas where it’s important to glass) must be added to the scales before it is zeroed.
be accurate: accuracy of equipment and
accuracy of calculations.

When conducting a scientific
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significant
figures the
number of digits
that contribute to
the overall value
of a number

rounding off
reducing the number
of significant figures
by increasing or
decreasing to the
nearest significant
figure; for example,
7.6 cmis rounded
upto8cm,7.2cm

is rounded down
to7cm

SI system an
international system
of measurement
based on the metric
system, with units
such as kilogram,
metre, kilometre

derived units

units of measurement
that are calculated
using a combination
of Sl (international
system) base units,
e.g. cm?® for volume
(base unitis cm),

m? for area (base
unitis m)
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Accuracy of equipment

To check the accuracy of digital scales,
scientists use a special mass that is
known to be exact (Figure 5). When this
is placed on the scale, the weight shown
by the scale is compared to the known
true mass. If they are the same, then the
scale is accurate.

Accuracy of calculations

When conducting a scientific
investigation, mathematical accuracy is
just as important as the accuracy of your
equipment. Not only must your equipment be appropriate and precise to avoid errors,
but your calculations must also be correct.

Figure 5 Scientists use a special mass with an
exact weight to check and calibrate (i.e. adjust) lab
equipment like digital scales. This helps to ensure all

measurements are accurate.

When taking a reading, you should quote the maximum allowed number of
significant figures (i.e. the number of digits). This can represent the accuracy
of a measurement or reading. When recording results, it is important to know the
number of significant figures the instrument allows. When adding or subtracting
numbers, the final answer will be based on the least number of decimal places.
When multiplying or dividing numbers, the final answer can only be quoted correct
to the number of significant figures in the least accurate result. For example, if one
measuring device measures 10.22 (four significant figures and two decimal places)
and a second device measures 20.345 (five significant figures and three decimal
places), averaging these results means adding the values. This means the final
answer should only have two figures after the decimal point. This might require a
rounding off procedure.

Note that when a number ends in a zero (6.0), the final zero does not contribute to
the actual value of the number. This means there is no difference between 9.0 and 9.
When this occurs, the number is described as having one significant figure.

Accuracy of standard units

Scientists measure fundamental quantities, such as mass, time and length, in a standard
unit that has been agreed upon by scientists around the world. The international system
of units, known as the SI system of units, is based on the metric system. Table 1 shows
some SI units. Other measurements, such as volume, are calculated from those basic
units and are called derived units.

Table 1 SI units

Physical quantity Sl unit Abbreviation or symbol

Length Metre m

Volume Litre L

Mass Kilogram kg

Time Second s

Thermodynamic temperature Kelvin K

Amount of substance Mole mol

Electric current Ampere A
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Although the SI unit for mass is the kilogram, this is not always the most suitable
unit to use. Some objects are too heavy or too light for this to be the most convenient
unit. The measurement would have too many zeroes in it. For example, a mass of
0.00000000743 kg or 850,000,000kg is very inconvenient to write. Scientists and
mathematicians choose a unit that requires as few zeroes as possible. They use a
system of prefixes before the basic measurement unit, shown in Table 2.

Table 2 Standard prefixes and meanings

Prefix Symbol Value Meaning
peta P 107 ?::ei;iirsl;ﬁnmmion million)
tera T 102 one trillion
giga G 10° one billion
mega M 10° one million
kilo k 10° one thousand
centi c 102 one-hundredth
milli m 107 one-thousandth
micro n 10-¢ one-millionth
nano n 10° one-billionth
pico P 1012 one-millionth of one million

Notice that when the number is larger
than the basic measurement, the symbol
for the prefix is a capital letter. When it is
only a fraction of the basic measurement,
the symbol for the prefix is a small
letter (i.e. lower case). For example, a
megalitre, which is a million litres, is
written as ML, while a millilitre, which
is one-thousandth of a litre, is written
as mL. “Kilo” is an exception to this
general rule. A kilogram is 1,000 grams Figure 6 It is important to take care with your
and its symbol is kg. measurements to avoid errors.

Worked example 1.8A Significant figures

A student used two sets of scales to measure 0.44 g of sand and 0.696 g of water. Calculate the final mass
when the sand was mixed with the water. Give your answer to an appropriate number of significant figures.

Solution
Add the mass of the sand and water together.

0.44+0.696=1.136 g

As one number has only two decimal places, the final answer must have two decimal places. The number
(1.136) is closer to 1.14 than to 1.13, so 1.14 is more accurate.

Final mass of sand and water = 1.14 g
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Check your learning 1.8

Check your learning 1.8

Retrieve

1 Recall and define three kinds of errors that
can occur during an experiment.

Comprehend

2 Describe how these errors can be reduced to
improve accuracy.

Analyse
3 Compare (the similarities and differences
between) a reading error and a parallax error.
4 Identify the symbol for:
a millionths of a gram
b billions of litres
¢ thousandths of an ampere
d thousands of metres.

Lesson 1.9

5

Identify the number of significant figures in
each of the following measurements.

a 45.22mL

b 8,000L

c 90s

d 3.005m

Apply

6

A student took the following measurements
during an experiment:

5.6 volts, 2.97 amperes, 3,000 seconds.

If these three numbers were used in a
calculation, identify how many significant
figures should be stated in the final answer.
Justify your answer (by explaining how you

made your decision).

Skills lab: Making a balloon rocket

Aim

To make a balloon rocket

What you need:

* 1 long piece of string
* 1 plastic straw

* 1 balloon

» Sticky tape

* 1 tape measure

36 Oxford Science 8 Victorian Curriculum

What to do:

1

Tie one end of the string to a chair or other
sturdy support.

Thread the other end of the string through
the straw.

Tie the loose end of the string to a second
chair or support so that the string is

pulled tight.

Blow up the balloon and hold the end closed
(don’t tie it).

Oxford University Press
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5 Use sticky tape to attach the balloon to the Plastic
straw, as shown in Figure 1. Make sure the String straw Balloon  Sticky tape

|/

C}

opening of the balloon is not taped and is
easy to release.

6 Measure the circumference of the balloon
with the measuring tape. Record the -

circumference in your notebook.

7 Release the open end of the balloon so that
the straw slides along the string. AFIC A beloon st
8 Measure how far the balloon rocket moves )
along the string. Record the distance the Q uestions

ball di tebook. . . .
FADOIE SRR ORI HORERe 1 Identify one independent variable that you

9 Repeat this experiment two more times . . :
P b could change in this experiment.

with the balloon blown up to the same
circumference. This ensures your test is
reproducible.

2 Identify one dependent variable that you
could measure in this experiment.

3 Identify three variables that you would need
to control in this experiment.

4 Describe the method you would use to
complete this experiment.

S5 Write a hypothesis for this experiment.

Lesson 1.10
Scientists use tables, graphs, and
models to record and analyse data

Key ideas

— Scientists need to collect data and present it in an organised manner.
— Tables and graphs allow scientists to identify patterns in their results.

— Tables should have a heading, column headings with units of measurement and data in
each column.

— Different graphs should be used depending on the type of data (discrete or continuous)
being displayed.

— Keys helps a scientist to interpret or identify information in scientific diagrams, maps
and data.

— Models are representations that help explain scientific concepts or can be used to test

explanations. @

— Mathematical relationships show connections between variables and pieces of data

and express them as numbers or equations. Learning intentions
and success criteria
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Without data, you're just another
person with an opinion

Stage 3 of the scientific method involves processing,

STAGE 3
Processing, modelling
and analysing

modelling and analysing data generated during a
scientific inquiry (Figure 1). This can be done using:
* data tables

e graphs
¢ keys
¢ models

. . . Figure 1 Stage 3 of the scientific
¢ mathematical relatlonShlps- method is Processing, modelling

and analysing.
Data tables

One of the easiest and more efficient ways to record data is in a data table or
spreadsheet (if you’re working digitally).

Using a data table to show large amounts of data can make it easier to see patterns
and relationships between the variables (Figure 1). When recording the results of
experiments, the data collected should be presented neatly and accurately.

As shown in Figure 2, a data table should have the following features:

e A title which describes the information that is present.

¢ Columns for all relevant data being recorded
e The first column usually contains the values of the independent variable.
¢ The second column usually contains the values of the dependent variable.

¢ Headings for each column that include the values and the units of measurement
(e.g. weeks, kg, etc.).

quantitative data ¢ If quantitative data (i.e. numbers) is being recorded in the table, it should
iat::st:fet dca” usually be ordered from the smallest value to the largest value.

numerically ¢ If qualitative data (i.e. words) is being recorded in the table, the most
qualitative data important details should be recorded in brief, accurate descriptions.

data that can be
measured using

categories
G\ Table 1 Average weight of juvenile koalas by age o——@
Age (weeks) Weight (kg)
24 0.5
36 1.5
@/ 52 2.0
Figure 2 A table should have the following features:
e Title: The title should contain both the independent variable and the dependent variable.
0 Column headings: The variable should be identified and the unit of measurement included.
e Ordering of values: the independent variable should be in the first column
0 Ordering of data: The data for the independent variable should be organised from the lowest value
to the highest.
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Graphs

There are two main types of data that are recorded and graphed by scientists so they

can be analysed efficiently.

e Categorical data is a collection of information that can be divided into named
groups (e.g. colours, types of animals, types of vehicles).

* Numerical data is a collection of information that can be represented as numbers
(e.g. temperature, wind speed, height).

Numerical data can be divided into two smaller groups.

e Discrete data is data that can only take a specific and separate value, It is
usually counted in whole numbers that cannot be broken down into smaller parts.
For example:

— the number of students in a class
— the number of butterflies in a specific location
— the number of votes in an election.

* Continuous data is data that can take any value within a range. It can be divided
into smaller parts. It is measured, not counted. For example:
— measuring the speed and acceleration of a runner over the course of a 100 m
sprint
— measuring the rate at which water is poured into a glass
— measuring temperature and wind speed over the course of a day.

Types of graphs

Scientists use many different types of graphs to record and analyse data. Three of the
most common and useful graphs include:

* column graphs

* line graphs

e scatter graphs.

Column graphs

In a column graph, the height of each column represents a value that you have
measured. This type of graph is good for showing discrete data.

Imagine that a scientist is recording the number of insects at different locations.
In this experiment, the independent variable (i.e. the variable that is changed) is the
location. The dependent variable (i.e. the variable that is measured) is the number
of insects.

How to create a column graph

The following steps outline how to construct

a column graph.

e Step 1: Use a pencil and a ruler to draw the .
horizontal and vertical lines of a graph. These 4
lines are the axes. Add small lines along each
of the axes at regular intervals (e.g. every 2 cm)
(Figure 3).

Figure 3 Drawing a set of axes
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categorical data
information that
can be divided into
groups or categories

numerical data
data in the form of
numbers

discrete data data
where the numbers
can be separated into
different groups

continuous data
data that is measured
and can be any value

column graph a
graph in which the
height of the columns
represents the
number measured

Module 1 Science toolkit 39



m Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

Step 2: Label each axis (Figure 4). The

independent variable is always on the

x-axis (the horizontal line) of a graph. The
dependent variable is always on the y-axis

(the vertical line) of a graph.

Step 3: Add numbers or categories at regular
intervals to to the lines along the axes. Mark
each interval with a small line (Figure 5). It
is important to make sure that all your data

Insects caught

can be represented on the axis. For example, L L

if the smallest number is 7 and the largest
number is 62, then the axis should go from

0 to 70.

70

Insects caught

A B C D E F G H

Location

Figure 5 Adding numbers to each axis

Location

Figure 4 Labelling each axis

Insects caught (n)

A B C D E F G H
Location

Figure 6 Adding units to the axes

Step 4: Add units to the labels on the axes to explain what the numbers mean
(Figure 6). For example, the units could be metres (m), seconds (s), minutes (min)
or the number () of things. If an axis has categories instead of numbers, it does

not need units.

Step 5: Plot the data on the graph as columns (Figure 7). Rule the lines carefully,
making sure there is a gap between the columns.

Step 6: Write a descriptive title at the top of the graph (Figure 8).

Insects caught (n)

A B CcC D E F G H

Location

Figure 7 Plotting the data as columns
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Number of insects caught at
different locations

Insects caught (n)
[\%) (o8] B w [} ~
T T T T ¢ %

—_
(=}
|

[=)

A B

C D E F G H
Location

Figure 8 Writing a descriptive title for the
column graph
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Line graphs

Line graphs are the most common graphs that appear in scientific reports. These
graphs are used to show the relationship between the independent variable and the

dependent variable.

How to create a line graph

The following steps outline how to construct a line graph.

* Step 1: Follow Steps 1 to 4 for creating a
column graph.

* Step 2: Place a dot or small cross on the graph
for each of the data points you have collected.
Do this by transferring the data from your
data table and plotting a coordinate on the
graph at the point x and y coordinate meet.
Make sure points are positioned accurately
according to your scale.

* Step 3: Draw straight lines to connect each of
the coordinated plotted on the graph. If your
line graph is showing more than one series
of data, sue different colours for each line.

If showing multiple data series (Figure 9),
include a legend explaining what each
coloured line represents.

How to interpret a line graph

Comparison of growth rates
for two wattle plants

—_
(=)
L

Height of plant (mm)
O = N W Bk Ui O 9 0 O
1

I hd I I I I I I

L
01 2 3 4 5 6 7 8 910

Day measured

—o— Plant A —o— Plant B

Figure 9 A line graph showing two data

series - one representing the rate of growth

for a Dirt plant

The shape of a line graph gives a hint of how the two variables are related.

When the line slopes upwards, this means the dependent variable increases
in the same way as the independent variable increases. This is called a directly

proportional relationship (Figure 10).

When the line is horizontal (i.e. flat), it means the dependent variable is not

affected by the independent variable (Figure 11).

If the line slopes downwards, then the dependent variable decreases as the
independent variable increases. This is called an inversely proportional

relationship (Figure 12).

Figure 10 A line graph
showing a directly
proportional relationship

Figure 11 A line graph
showing a dependent

Oxford University Press

variable that is not affected
by an independent variable

Figure 12 A line graph
showing an inversely

proportional relationship

line graph agraph
that uses lines to
connect individual
data points

directly
proportional
relationship a
relationship between
two variables in
which the dependent
variable increases

as the independent
variable increases

inversely
proportional
relationship a
relationship between
two variables in
which the dependent
variable decreases
as the independent
variable increases
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scatter graph a
graph used to
represent continuous
data; it consists of
discrete data points
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Occasionally a line graph is curved (Figure 13).
These graphs can be interpreted in sections. In
section A (i.e. between 0 and 4), the dependent
variable increases as the independent variable
increases. In section B (i.e. between 4 and 8) the
dependent variable decreases as the independent
variable increases.

Sometimes you can use the results recorded in a
line graph to make accurate assumptions.

. . 0123 456 738
For example, if you completed Lesson 1.14 Skills
Figure 13 A line graph showing

lab: Marshmallow slingshots (page 57) you may a curved line. Curved line graphs

have recorded your results as a set of whole numbers should be analysed in sections.
(Table 1).

Figure 14 represents the results

provided in this data table. 90 7
80
70
60

50

Table 1 Sample results from the Marshmallow
slingshot experiment

Distance marshmallow travels (cm)

Distance Distance 40
elastic is marshmallow 30 2.5cm
stretched (cm) travels (cm) 20 -
1 13 10 A
0 1 1 1 1 1
2 28 1 2 3 4 5
3 55 Distance elastic is stretched (cm)
4 04 Figure 14 A line graph of the sample Marshmallow

slingshot results

Using this line graph, you will now be able to make an accurate assumption about
the distance a marshmallow would have travelled if the elastic had been pulled back
by a different amount — for example 2.5 cm.

Scatter graphs

In a scatter graph, the relationship between two sets of data is compared. The steps
for drawing a scatter graph are listed below.

Imagine that a scientist is investigating how temperature changes over time.
In this experiment, the independent variable (the variable that is changed) is time.
The dependent variable (the variable that is measured) is temperature.

How to create a scatter graph

The following steps outline how to construct a scatter graph to display the data

they collect.

¢ Step 1: Use a pencil and a ruler to draw the
x-axis (horizontal) and y-axis (vertical) of
a graph. Label each axis. The independent
variable is on the x-axis and the dependent
variable is on the y-axis (Figure 15).

Temperature

Time

Figure 15 Drawing a set of axes
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e Step 2: Add numbers at regular intervals to
the lines along the axes. Mark each interval
with a small line (Figure 16). It is important
to make sure that all your data can be
represented on the axis. For example, if the
smallest number is 14 and the largest number
is 178, then the axis should go from 0 to 200.
Add units to the labels on the axes to give the
numbers meaning.

e Step 3: Plot the data on the graph. Use small

T T T 1T T°1
1 2 3 4 5 6 7

Time (min)

T T
g8 9 10

Figure 16 Adding numbers to axes at
regular intervals

crosses rather than dots (Figure 17). It is
easier to find the centre of a cross than the
centre of a dot.

[0
[=)
|

70

o))
o
|

¢ Step 4: Draw a line of best fit or a smooth 50 x

curve that passes through, or near to, as many
data points as possible (Figure 18).

30 X
20 X
10

Temperature (°C)
~
(e}
|

line of best fit
the line on a scatter
graph that passes
through, or nearly
through, as many

* Step 5: If you are plotting more than one ,

T T
1 2 3

set of data on the same graph, use different
symbols (e.g. circles or triangles) for the other
sets of data. Add a legend to identify each set
of data (Figure 19).

small crosses

* Step 6: Write a descriptive title at the top of the graph (Figure 20).

Temperature (°C)

1T T T
4 5 6 7

Time (min)

1 T T T
8 9 10 1

4 5 6 7
Time (min)
—x%— Distilled water -e - Honey

T 1
8 9 10

T T
1 2 3 2 3

Figure 18 Drawi line of best fit . . .
8 rawng a fine of best i Figure 19 Using small crosses and circles

when plotting more than one set of data

Common features of graphs

4 5 6 7
Time (min)

Figure 17 Plotting data on the graph using

1 .
s 9 10 data.pomtsas
possible to show
any overall trends in

the data

The change in temperature of honey
and distilled water over time

LI I |
4 5 6 7

Time (min)
—x— Distilled water -e - Honey

1 T 1
1 2 3 8 9 10

Figure 20 Writing a descriptive title for the
scatter graph

There are a number of features that all good scientific graphs must have. These

include:
1 Title — A descriptive title explaining what the graph shows.

2 Axes — Every graph should have two axes (i.e. a horizontal axis called the x-axis,

and a vertical axis called the y-axis). Each axis should have:

— Labels: Each axis should be clearly labelled with the variable it is showing and

its units (e.g. ““Temperature (°C)” and “Germination (days)”).

— Scale: The scale of each axis should be appropriate for the data and allow for
easy interpretation. Start at a value that works for your data (usually zero) and
use sensible intervals (increasing by 1, 5, 10, etc.) that suit your data.

Oxford University Press
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— An independent
. . Temperature and germination of
variable: This wattle seeds Grd
should be marked on "
the horizontal axis 2.0 f~_
. . 3 \
(i.e. x-axis) ) A
£ \
— A dependent 3 8 \
. =}
variable: This should % 7 N
be marked on the g 6 \\
rtical axis (i.e. y-axis). g5
vertical axis (i.e. y-axis) 04 AV
3 Data p01nt§ - Ensure o T 5 - - 5
each data point is placed Temperature (°C)

correctly, clearly visible,

o , Unit
and distinguishable.

Figure 21 The independent variable (i.e. Temperature) should be
4 Legend - If necessary, on the horizontal axis (i.e. x-axis) and the dependent variable (i.e.
use a legend to explain any Germination time) should be on the vertical axis (i.e. y-axis).

symbols or colours
shown in the graph.

Keys

A key is a guide that helps a scientist to interpret or identify information in scientific
diagrams, maps and data. Examples include:

¢ alegend on a graph to explain what different coloured lines represent

¢ a colour key on a weather map to indicate temperature ranges

¢ asymbol key on a geological map to indicate different types of rock

¢ adichotomous key to identify plants or animals based on their characteristics
(Figure 22).

B DICHOTOMOUS
(O | KEY

FUR NOFUR
> @ 2\ jl
FEATHERS NO FEATHERS
MAMMAL Jl
o0 { )|

DRY SKIN MOIST SKIN
BIRD < g JL n
g SCALES NO SCALES
REPTILE >°
- ‘9
FISH AMPHIBIAN

Figure 22 A dichotomous key can be used to identify animals based on their characteristics.
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Models

Models are representations that help

explain scientific concepts or systems.

They include:

* a physical model of the solar system
(Figure 23)

* a diagram showing how the water
cycle works

e a computer simulation of weather

patterns Figure 23 A physical model of the solar system
* a mathematical model predicting population growth
* a scale model showing the relative sizes of different atoms.

Models are not just used for communication. Some models (such as physical or
computer models) can be used to test hypotheses about how a system might behave
differently if a variable is changed.

Mathematical relationships

Mathematical relationships show connections between independent variables and
dependent variables and express them as numbers or equations. Examples include:

» distance travelled = walking speed x time spent walking

» graphing the relationship between the amounts of water given to plants and their
growth

* temperature changes throughout a day

* how the weight of a bag changes as you add more items

* finding patterns in measurements (e.g. analysing daily rainfall over a month).

Mathematical relationships can sometimes be used to predict how things may
change in the future.

Check your learning 1.10

Check your learning 1.10

Retrieve 4 Describe the type of graph that would be

1 Identify the features that all graphs have in used to show the number of birds found in
common. a particular area each month.

2 Recall what it means when a graph of the Comprehend

independent and dependent variables is
horizontal (i.e. flat).

5 Describe the relationship between the
independent variable and dependent variable

3 Identify which variable (independent or shown in Figure 24.
dependent) is located on the x-axis of a graph. >
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Figure 24 A graph showing plant growth

Analyse

6 A scientist was collecting data on the
change in height of a plant over seven days.
Construct a table that could be used to
record this data.

Lesson 1.11

m Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

7 Explain why graphs are often used in

scientific reports.

a Represent the data in Table 2 as a graph.

b Identify the relationship between the
variables and explain your reasoning.

Table 2 Energy in chocolate bars

Number of chocolate bars

3
4
6
8
10

Energy (kilojoules)

606
808
1,212
1,616
2,020

Scientists present accurate data

Key ideas

— Repeating an experiment helps to identify errors.
— Outliers are values that are very different from the main group of data.

@ — Outliers can affect the mean (average) of the overall results.

— The median (middle number of data when placed in increasing order) or the mode

Learning intentions (most common result) is less affected by outliers.

and success criteria

Comparing results

It can sometimes be difficult for a scientist to know if their results are accurate,
especially if they have only tried an experiment one or two times. For example, a
botanist (a scientist who studies plants) plans an experiment to see if the amount of
water given to a plant affects its growth. If only one plant is watered every day and
dies, the botanist may claim that water killed the plant. They may not be able to see
that the plant was infected with a fungus, and this was the reason that it died.
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If the botanist tried watering 50 different plants every day and half of them died,
they may still claim that some plants do not like water. While there are some plants
that do not grow well with too much water, it would be difficult to claim this in an
experiment if all the plants were different. A well-designed plant experiment should
use many identical plants.

Sometimes this is difficult to do, so scientists will compare their methods and
results to that of other scientists. If the methods are the same (consistent), all of
the variables controlled and the measurements are accurate, then the data can be
combined and analysed.

ldentifying outliers and anomalies in the data

An experiment does not finish when the results have been recorded. A scientist
should check the data to identify if it contains errors or unexpected results before they
claim that their hypothesis is supported or refuted.

Outliers

Occasionally the data that scientists collect contains a value that is far away from the

main group of data. These values are called outliers and may be due to inaccurate outlier adatavalue
measurements or experimental errors. thatis outside the

. . . . . range of all the other
Consider the data in Table 1, which records the height of seedlings after three results

weeks of growth.

Table 1 Seedling growth after three weeks

Seedling number Height (cm)
1 3.6
2 4.0
3 4.1
4 4.0
5 0.1
6 3.5 ‘
7 4.3

Figure 1 How should you calculate the average growth of seedlings?

All seedlings (except for Seedling 5) grew between 3.5 and 4.3 cm. The height
of Seedling 5 after three weeks is an outlier. The average (or mean) growth of the
seedlings (including seedling 5) is 3.4 cm, which is below the growth of any of the
seedlings other than Seedling 5. This shows how one outlier can present a distorted
result of the seedling growth.

If the average is determined without using the height of 50
Seedling 5, the average becomes 3.9 cm. This is a closer 40 - o . ®
representation of the actual growth. However, is it fair to 5o ’ *
discard any results that we don’t like? S0

An outlier is only excluded if an explanation is given as to Outlier
how the results have been modified and the reason for doing 0
so. For example, the discussion might include the statement 1 > 3 4 5 6 7
that “Seedling 5 was excluded from the analysis because a Figure 2 A data outlier can be identified by a graphed
fungal infection affected its growth”. data point that is away from the other data.
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anomaly aresult
that does not fit in
with the pattern

of data or what is
normally observed

mean the average
of a set of data

Anomolies

An anomaly is an unexpected pattern in a data set that differs from what is normally
observed.

While an outlier can be due to an error in the data, anomalies can indicate
something is wrong with the way the experiment is designed. It is important not
to remove or ignore unexpected values or trends in data. If you can, try to explain
what might have caused unexpected results.

Understanding trends in data

Before scientist can present the results of their experiments, they need to be able to
describe whole set of data with a few single values that represent the “middle” or
“centre” of the data set. This can help an audience to get an understanding of what’s
“typical” in the data, or the “average” result. The most common ways of doing this is
by calculating:

* mean
¢ median
¢ mode.
Mean

In science, the mean refers to the average value in a set of data. The mean is
calculated by adding up all the values in a data set and then dividing that total by the
number of values in the data set (Worked example 1.11A).

Worked example 1.11A Calculating the mean

Determine the mean (i.e. average) of the seedling Solution

heights shown in this data table.

average seedling height

Seedling number ‘ Height (cm) _ sum of all seedling heights
1 36 ~ number of seedlings
_36+40+41+40+0.1+3.5+4.3

2 4.0 = 7

3 4.1 236

4 4.0 7

5 01 =3.371

6 35 As the seedling heights had two significant figures

. 43 and one decimal place, the final answer must have
two significant figures and one decimal place. The
average seedling height is 3.4 cm (3.371 is closer to
3.4 than to 3.3).
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Median

The median is the middle value of the data after all the numbers have been placed in
ascending order (i.e. where values are arranged from smallest to largest).
To find the median, you need to:
1 Arrange the data points in order from smallest to largest.
2 If the number of data points is odd, the median is the middle value.
3 If the number of data points is even, the median is the average of the two middle
values.
For the previous data, this means:

0.1,3.5,3.6,4.0,4.0,4.1,4.3
T

median

The median amount the seedlings grew was 4.0 cm. If the outlier is removed, the
median growth is still 4.0 cm. The median value of the data is not affected as much
by outliers as the mean/average is.

Mode

The mode is the most common number in the set of data. In our set of data, the
number 4.0 occurs twice (i.e. Seedlings 2 and 4).

This means the mode, or most common amount the seedlings grew, was 4.0 cm.
If the outlier was removed, the mode of the seedling growth would still be 4.0 cm.
An outlier does not affect the mode value.

Check your learning 1.11

Check your learning 1.11

median the middle
value in a set of data

mode the most
common valuein a
set of data

Table 2 Number of ice creams sold in comparison to the daily

Retrieve
. temperature
1 Define the following terms.
T Orilier Temperature (°C) Ice creams sold
b Anomaly 14.2 215
¢ Median 16.4 325
d Mean 11.9 185
e Mode 15.2 332
Comprehend 18.5 406
. S 22.1 522
2 Explain why scientists often repeat
experiments and then take an average. 19.4 112
3 Describe when an outlier should be included 25.1 614
in the results. 23.4 544
18.1 421
22.6 445
17.2 408
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4 Analyse b Calculate the mean number of ice creams
4 Draw an appropriate graph for the data in sold each day.
Table 2. ¢ Calculate the median temperature over
a Identify the outlier in the data. the 12 days.

©

Learning intentions
and success criteria

Lesson 1.12
Scientists evaluate claims
and results

Key ideas
— Science experiments are planned and analysed carefully to minimise errors.

— Before claiming that a hypothesis is supported or refuted, experimental data must be
checked carefully to identify any assumptions, errors and improvements.

Take a step back and evaluate //\

Stage 4 of the scientific method involves evaluating
the data and findings generated during a scientific
inquiry (Figure 1). Scientists do this by:

STAGE 4
Evaluating

¢ evaluating the methods to identify assumptions,
errors and improvements

¢ evaluating the results to identify outliers and
anomalies.

Figure 1 Stage 4 of the scientific

Rel |a b | e SC|e nce method is Evaluating.

In Lesson 1.3 Scientists follow the scientific method (page 13) you learned about
how pseudoscience claims are commonly made on the internet or in the media. These
claims often use scientific words and describe poorly designed experiments that did
not have all variables controlled. A reliable, valid science experiment needs to be
carefully planned, the variables must be controlled, and the results should be carefully
analysed to make sure that all errors have been minimised.

When you are planning your method or analysing the results of your experiment,
there are approaches you can take to help you avoid making pseudoscientific claims.
Some of these approaches are outlined below.
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The difference between correlation and causation

While observation might seem a simple process, if a scientist does not plan

and conduct a valid experiment, they may end up with misleading results. valid experiment
For example: an experiment thqt

. . . . . . investigates what it
* A scientist may notice that there are more shark attacks in summer than in winter. sets out to investigate

* The same scientist may also notice that more ice-creams are sold at a kiosk on the
beach in summer than in winter.
e Therefore, during winter, both ice-cream sales and shark attacks go down.

If this data is graphed (Figure 2), it could look like the ice-cream sales were
causing shark attacks, because they both go up at the same time.

This data is misleading as there is another factor that has not been considered: hot
weather. During hot weather, more people go swimming at the beach than in winter,
Therefore, shark attacks are more likely because there are more people swimming.

Likewise, people are also more likely to buy ice-creams when they are at the beach
in summer, rather than in winter.

The hot weather is, therefore, the cause of the increased shark attacks and ice-
cream sales. A scientist would describe the relationship between the shark attacks and

ice-cream sales as a correlation (i.e. when two or more things are related). correlation a
relationship between

In our example, both shark attacks and ice-cream sales increase during hot .
two or more things

summer days when more people go to the beach. As we have established, the real
cause of both increases is the hot weather and beach attendance — not the fact that
eating ice-cream causes shark attacks!

In other words, just because two things happen together doesn’t mean one causes
the other. That’s why scientists conduct controlled experiments — to figure out what
actually causes what.

Scientists need to be very careful about making assumption based on data. One
way they do this is by recognising the differences between correlation and causation
in the data they collect.

Perfect positive High positive Low positive No correlation
correlation correlation correlation
°
°
°
° [ ®e ° °
°
o® ° R ] °
N o ° o ©® o
. °® o ® P
°® ° °
Low negative High negative Perfect negative
correlation correlation correlation

° o

° [ XY ) ..

o ® o ° o,
° o0 (]
e ° ° o® °
o
o 0 e G .°o
° ° ®e LY

Figure 2 This graph shows that there is a relationship between the number of ice-creams sold and the number of
shark attacks during the summer months. This is known as a positive correlation.
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causation when
the independent
variable is
responsible for

the change in the
dependent variable

Correlation

Correlation means two things happen together or are related in some way. As shown

in Figure 2, when two sets of data are strongly linked (i.e. when one changes, the

other changes by a similar amount), the data is said to have a strong correlation.

¢ If both values increase at the same rate, this is called a positive correlation.

¢ If one value increases as the other decreases, then it has a negative correlation.
A number of different types of positive and negative correlations are shown in

the graphs.

Causation

Unlike correlation, causation means one thing directly causes another thing to
happen. There’s a clear cause-and-effect relationship. For example:

¢ If you knock over a glass of water (cause), the table will get wet (effect).

¢ If you kick a ball (cause), it will fly through the air (effect).

Reliable science

In Lesson 1.3 Scientists follow the scientific method (page 13) you learned about
how pseudoscience claims are commonly made on the internet or in the media. These
claims often use scientific words and describe poorly designed experiments that did
not have all variables controlled. A reliable, valid science experiment needs to be
carefully planned, the variables must be controlled, and the results should be carefully
analysed to make sure that all errors have been minimised.

When you are planning your method or analysing the results of your experiment,
there are approaches you can take to help you avoid making pseudoscientific claims.
Some of these approaches are outlined below.

Evaluating the method

One of the most difficult things to do in an experiment is to control all the variables.
Sometimes random things, like someone opening a door or window, can cause an
error in an experiment (Figure 3).

Figure 3 Something as small as room temperature (i.e. having a window open or closed) in the laboratory can
impact the results of an experiment.
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For example, if a scientist is testing whether salty water takes longer to boil than
fresh water, opening a window might change the temperature of the air in the room.
This is why it is important to check if an experiment was repeated at least three times
with the same results. Repeated experiments are more reliable than single experiments.

|dentifying assumptions

When a scientist decides that the temperature of the room does not change without
measuring it, they have made an assumption. Assumptions are beliefs that are
accepted as true without any evidence or testing. Some assumptions are reasonable.
An example of this is the assumption that your science teacher has given you the
correct materials for the experiment. Other assumptions should be questioned, such
as are the scales you used to measure a material accurate?

When you are planning your own experiment, or reading about someone else’s
experiment, it is important to check if any assumptions have been made.

|dentifying errors

Scientists can make mistakes when conducting experiments. Mistakes should be fixed
immediately, or the experiment should be started again.

An error is different from a mistake — it can happen for many reasons, no matter
how careful you are. Errors can occur if the object you are measuring falls between
two markings on a scale and you have to estimate the

exact measurement. When this occurs, it is important )

to use a more accurate scale or a digital device. V
Sometimes scales can be calibrated (set up) incorrectly, o “%
which means that, no matter what you measure, you 22
will get a slightly inaccurate result. You can minimise

he eff f this kind of error 1 ing the sam .
the e Cf:t oft .S d of error by always using the same Figure 4 Scales should always be
measuring device. calibrated to avoid an error.

ldentifying possible improvements

An effective scientist will always look for ways to improve their experiments. It is
important to be open and honest about how the method could be changed to improve
the reliability of your results.

Making a claim

If the data is reliable, has few outliers and no anomalies, and agrees with the original
hypothesis, then the scientist can claim their hypothesis is supported. When making a
claim, the scientist will:

e rewrite their hypothesis

e describe the experiment and the data that supports their hypothesis

* explain why the dependent variable was changed by the independent variable

e describe any relevant variables that have not yet been tested (the limitations).

If the data does not support the hypothesis, or there are several outliers, the
hypothesis is refuted (not supported by the evidence). It is exciting when a hypothesis
is not supported as this can lead to unexpected discoveries. As stated by famous
scientist, Isaac Asimov, “The most exciting phrase to hear in science, the one that
heralds new discoveries, is not ‘Eureka!’ but ‘“That’s funny ...””.

assumption
statements or beliefs
that are accepted

as true without
supporting evidence

error aninaccuracy
or inconsistency in
measurement

calibrate check
the accuracy of a
measuring device
against known
measurements
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Check your learning 1.12

Check your learning 1.12

Retrieve

1
2

Define the terms “anomaly” and “outlier™.
Identify an assumption that a scientist may
make when completing an experiment that
tests how fast water boils.

Comprehend

3

Describe how not calibrating scales at the
start of an experiment could affect the results
of the experiment.

Analyse

4

Contrast the terms “mistake” and “error”.

Apply

5

Associate Professor Elizabeth Tibbets had
difficulty putting marks on the wasps she
was studying. When looking closely at the
wasps, she realised that they all had different
markings (Figure 5). This encouraged her to
test if the wasps could tell one another apart.
Propose a hypothesis that the associate
professor could test based off this idea.

A scientist tested how the amount of light in
a glasshouse affected the growth of wheat
plants. When they analysed their results, they
stated that their findings could not be applied
to plants growing outside the glasshouse.
Discuss why the scientist put a limit on

how the findings of their investigation could
be applied.
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Figure 5 Associate Professor Elizabeth Tibbetts discovered that
the wasps she was studying had individual markings.
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Lesson 1.13 e
Scientists keep a logbook

Learning intentions
and success criteria

Key ideas

— Alogbook is used by scientists in the laboratory and in the field to record the details
and results gathered during experiments and research.

Check the next
lesson for a linked
practical activity
or experiment.

— Alogbook provides evidence of the planning, changes and results of an experiment.

A logbook is used to record essential data and observations

There are many different types of science and even more
types of science experiments. Some experiments last a few
minutes, while others can last many years.

An example of a long experiment is an ecologist recording
how the population numbers of dolphins in Port Phillip Bay
changes over a decade (i.e. 10 years).

All experiments rely on the scientists collecting and
recording data and observations in an electronic or physical
logbook. LLogbooks contain all of the information that will
eventually be used to write a formal report (i.e. a written
report used to communicate the results of an experiment
with other scientists).

Figure 1 Logbooks contain important data and
observations from experiments conducted in the
laboratory or in the field.

logbook aday-
Creating a |OgbOOk to-day record of all

activities you did on
. . . your research project
There are some basic rules for creating and using a logbook.

1 Use a bound notebook (Figure 1) or an electronic device that is backed up
regularly. L.oose papers become lost and electronic devices can fail. Whether
you’re using a physical or electronic logbook, ensure that the way you record and
store data in your logbook is safe and reliable.

2 Logbooks can be lost, so label your logbook with your name, email address,
school and teacher’s name. Labelling the logbook with your contact details (and
those of your school and teacher) ensures that it will find its way back to you.

3 The second page of the logbook should contain a table of contents. Each page
should be numbered to help you find the relevant experiments.

Table 1 A table of contents should be included at the start of your logbook.

Unit/subject Experiment title Page number

4 Always date every entry.
5 Each page should contain the title of the experiment.
Figure 2 shows a sample logbook entry.
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Marshmallow slingshots ——

| February 2026 '—,

Aim
To determine the relationship between the distance the elastic is pulled back
and the distance a marshmallow moves after it is released.

Prediction
If the rubber bands are pulled back twice as much, then the marshmallow will

move twice as far.

Method
Refer to page 169 of Oxford Science 8. Please note: instead of rubber bands,

| em wide elastic was tied around the base of the chairs for Experiment .S,

Measurements
Distance marshmallow has moved

Distance elastic pulled back | Attempt | Attempt 2 Attempt 3 | Average

| em 20 cm 3 mm 23.4 ¢ 19.9 ecm 211 em
2 cm

3 em

20.3
23.49

+19.9 63.6+3=2.2cm
63.6

Observations
The elastic came undone after the third attempt so we had to do it up again.

We tried to make it the same tightness as before.

Conclusion

When the elastic was pulled back, more elastic gained more energy. This energy
went into the marshmallow so that it could move further when released. We should
have tested with the elastic pulled back-more different distances.

Next time the same person should do the pulling back.

2AUALLAURXDUDAUUADL

Include a conclusion

or reflection for each
experiment to make sure
you understood what
happened and why.

You may need to write up
a formal report for your
experiment. If you have
completed your logbook
well, you will find all

the details of the report
easily available.

Glue or staple in any
photocopies to prevent
them falling out.

Figure 2 A sample logbook entry
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Title of the experiment

The date on which the

experiment was conducted

Aim and prediction for
the experiment

The method used or
the page number of the
method. Record any
changes to the method.

Record any
measurements you made
to the maximum number
of digits provided by the
equipment. (You can
round them off later. If
you don’t record them
then you cannot get them
back later.)

Show all calculations
(even when adding
simple numbers).

Include any ideas,
explanations, diagrams,
graphs, sketches or
mistakes that happened.
Write everything

down even if it seems
unimportant. You may
not remember it weeks
or even months later.

Do not rewrite any
entries. Try to keep it as
neat as you can but it is
not a formal report. It

is more important that
you record your data
and observations. If you
make a mistake, put a
single line through it. Do
not white it out, as it may
be useful again later.
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Check your learning 1.13

Check your learning 1.13

Retrieve Analyse
1 State the purpose of an experimental 4 Infer why it is important to make sure the
logbook. writing in your logbook is legible (able to
2 A student made a mistake and ripped that be read).
page out of their logbook. Recall why this 5 Infer one reason why it is important to
would be the wrong thing to do. include the date of the experiment in the
Comprehend Igbook

6 Infer why you should reflect on each
experiment before starting the next
experiment.

3 Explain why an electronic logbook should
be backed up regularly.

Lesson 1.14
Skills lab: Marshmallow slingshots

Aim What to do:
To determine the relationship between the 1 Make a chain of rubber bands by threading
distance the elastic is pulled back and the the end of one band through and over the
distance a marshmallow travels after it is end of the second band, then pulling tight.
released 2 Place a plastic ring in the centre of the
rubber band chain.
What you need: 3 Secure the rubber bands to the legs of an
upside-down chair as shown in Figure 1.
* Rubber bands 4 Insert a marshmallow into the plastic ring.
* Plastic ring or pipe cleaners 5 Pull back the marshmallow ensuring the
* Chair rubber bands are horizontal to the ground.
¢ Marshmallows Measure the distance from the chair legs
* Long tape measure to the point where you have pulled the
marshmallow back to (Figure 2).
Caution . . . .
6 Wait until everyone is out of the flight path,
Always stand behind the apparatus when firing and then release the rubber bands.
the marshmallow. Check that no one is in the 7 Measure the distance the marshmallow
firing line. travelled.
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Inquiry: Choose one of the
guestions to investigate.

Choose one of the inquiry questions.

*  What if the rubber bands were not horizontal?

*  What if the rubber bands were tied tighter?

*  What if a smaller marshmallow was used?

You will now design your own experiment to

answer your inquiry question.

e Develop a prediction or hypothesis for your
inquiry.

* Identify the (independent) variable that you
will change from the first method.

» Identify the (dependent) variable that you
will measure and/or observe.

e Identify two variables that you will need to
control to ensure a fair test. Describe how
you will control these variables.

* Develop a method for your experiment.
Write this method in your logbook.

e Construct a table to record your results.

» Show your teacher your planning for
approval before starting your experiment.

Results

1 Record your results and observations in
your table.

2 Construct a graph that shows the distance
travelled by the marshmallow at each
attempt. Your graph should include:

— the independent variable labelled on
the x-axis

— the dependent variable labelled on
the y-axis

— a title for your graph.

3 Describe your results by comparing how
you changed the independent variable and
how your dependent variable changed.

Discussion

1 Identify two variables that were difficult to
control. Explain the measures you took to
control them.
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2 Use evidence from your results to evaluate
the accuracy of your hypothesis by
describing how the dependent variable
changed and comparing it to the prediction
you made. If they are similar, then the
hypothesis is considered supported.

A student claimed that their rubber bands
became stretched and less flexible by the
end of the experiment. Describe how this
could affect the results of the experiment.
Describe how you could test if this had
happened with your experiment.

Conclusion

Describe the relationship between the distance
the rubber bands are pulled back and the
distance a marshmallow travels.

Figure 2 Pull back the marshmallow and measure the distance.
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Lesson 1.15
Scientists use reports to
communicate findings

Key ideas

— A scientific report is structured document that presents research findings and date in a
formal, structured way.

— Scientists use a similar style and language in their reports so that they can be
understood by scientists worldwide. @

— Scientists communicate with other scientists so that they can learn from each other

and expand on each other’s work. Learning intentions

and success criteria

Communication is key

Stage 5 of the scientific method is communicating the
data and findings generated during a scientific inquiry
(Figure 1). This includes asking another scientist to

check if they are correct. This process of peer review peer review the
evaluation of work by
one or more people
with similar skills and

backgrounds (peers)

R STAGE 5
means the second scientist: Communicating

* evaluates the methods to identify assumptions,
errors and improvements

e evaluates the results to identify outliers and
anomalies

e evaluates the patterns or trends that were identified. Figure 1 Stage 5 of the scientific

method is Communicating.

What is a scientific report?

A scientific report is a written account of an experiment or investigation. It usually
has the following parts (i.e. headings and features):

1 Title — This should clearly state what you’re investigating. It can be written as a
statement or a question. Be descriptive but keep your title brief.

2 Date — This is the date (or dates) on which the experiment was conducted.

3 Partners — This is a list of people who conducted the experiment (if you are
working in a group). Do not forget to include your own name here too.

4 Aim (or question) — This is what you were trying to find out or why you were aim the purpose of
doing the experiment. an experiment

5 Hypothesis —This describes the independent variable and dependent variable
of the experiment or investigation and the scientific explanation that will be
supported or refuted as a result of testing.

6 Materials (or equipment) — This contains a detailed list of the equipment and
materials used.
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method a series of
steps explaining how
to do an experiment

discussion ina
scientific report,

a summary of
findings, and analysis
of the design of

an experiment,
including problems
encountered and
suggestions for
improvement

conclusion a
statement that
“answers” the aim of
an experiment
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7 Method — This lists the steps or procedure that you use to carry out the
experiment or investigation, including diagrams of the experimental setup. There
are two ways to write a method. The first is to plan what you are going to do. This
method should be in the present tense. The second method is for a formal report.
Past tense should be used for this method.

8 Results — These are measurements and observations recorded during an
experiment or investigation, usually presented in a table, graph and/or diagram.

A few sentences can be used to provide a description of the data in the tables,
graphs and diagrams.

9 Discussion — This is your opportunity to discuss the patterns you see in the
findings and any anomalies identified. You should describe any assumptions
or errors and any suggestions for improvement or further investigation. The
discussion should be written in the third person.

10 Conclusion — This describes the answer to the aim or question. It should be clear
and reasoned, closely related to the aim or question, and if the investigation has a
hypothesis, state whether it is supported or refuted by the results. The conclusion
should be written in the third person.

How should a scientific report be written?

Scientific reports should present data objectively, letting the evidence speak for itself.
This is why they’re typically written in the “third person” rather than the “first
person”, removing the scientist from the spotlight and focusing on the work itself.

First person and third person are different perspectives or “points of view” used
in writing and communication.

First person

¢ Writing in the first person uses the pronouns “I”, “me”, “my”, “we”, “us”,
and “our”.

¢ Example: I measured the temperature of each solution and recorded the
results in my logbook.

Third person

¢ Writing in the third person often avoids using pronouns altogether.

¢ Example: The temperature of each solution was measured and recorded.
When you write in third person:

¢ The experiment becomes the focus, not the person conducting it.

¢ Results appear more universal and reproducible.

¢ The science stands independent of who performed it.

A well-controlled experiment should yield similar results regardless of who
conducts it — whether a renowned scientist or a complete novice. The methodology
and results, not the experimenter, are what matter.
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Case study Scientific report

Title This should clearly state what you're investigating. It can be written

as a statement or a question. Be descriptive but keep the title brief.

What if concentrated vinegar was added to bicarbonate soda?

Date This is the date (or dates) on which the experiment was conducted.
14 April 2026

Partner(s) This is a list of people who conducted the experiment (if you are
Vanessa Xi working in a group). Do not forget to write your own name here.

Lauren Watson
Nicholas Balik

Aim This sets out what you are trying to discover. It is the “question” you

are asking. This will be different for each experiment.

To determine how the chemical reaction changes when concentrated vinegar is added to bicarbonate soda.

Hypothesis This describes the independent variable and dependent variable of

If double strength vinegar is added
to bicarbonate soda, then twice as

the experiment or investigation and the scientific explanation that
will be supported or refuted as a result of testing.

many gas bubbles will be produced compared with regular white vinegar. This is because double strength

vinegar has twice as much acid in it, so it will cause twice as much of the chemical reaction and produce
double the gas bubbles.

Materials This is a list of what you need.

Large plastic cup

Teaspoon

Permanent marker

Bicarbonate soda (McKenzies brand recommended)

White vinegar — 4% acidity (Coles brand recommended)
Double-strength white vinegar - 8% acidity (Coles brand recommended)
Ruler

Method This gives step-by-step instructions and often a diagram of the equipment set-up.

1 1 cm of regular vinegar was placed

in the plastic cup. B

One level teaspoon of bicarbonate soda )
soda was added to the vinegar.

The permanent marker was used to

place a mark on the outside of

the cup identifying the height of Plasticcup— o

the reaction. A ruler was used to

measure the distance between the

base of the cup and the mark.

4 'The cup was rinsed with water.

e———— Vinegar
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S Steps 1 to 4 were repeated three times to check that the reaction rose to the same mark.
6 Step 1 was repeated with 1 cm of double-strength vinegar.
7 Steps 2 to 3 were repeated.

Results This often includes a table of results and a graph of the data collected.
Mixture Height of the gas  Average height of
bubbles (cm) gas bubbles (cm)
White vinegar (4% acidity) and bicarbonate soda 5.1
White vinegar (4% acidity) and bicarbonate soda 5.1 5.1
White vinegar (4% acidity) and bicarbonate soda 5.2
Double-strength white vinegar (8% acidity) and bicarbonate soda 7.7
Double-strength white vinegar (8% acidity) and bicarbonate soda 7.8 5.1
Double-strength white vinegar (8% acidity) and bicarbonate soda 7.0
Discussion This is where any set questions are answered and where you describe any unusual

or interesting results. You can also suggest improvements to an experiment.

When vinegar and bicarbonate soda are mixed it produces carbon dioxide gas. This causes the mixture to
bubble up.

It was hypothesised that using the double-strength vinegar would make the mixture make twice as many
bubbles. This hypothesis was refuted because the height of bubbles in the double strength of vinegar was only
2.6 cm higher.

There was one measurement in the double-strength vinegar that was less than the other measurements

(7.0 compared to 7.7 and 7.8). This could be a random error because the cup was not rinsed properly before
the last measurement. This might have caused vinegar to be left in the cup.

To improve the experiment, the cup should be rinsed properly after each test.

Conclusion This is the answer to the question you set out to investigate. Look back at the aim and
see whether the results support the aim before writing the conclusion. Try to use one

to two sentences and to write in the third person (e.g. instead of saying “| measured the

length of the rubber bands”, say “the length of the rubber bands was measured”).

Double-strength vinegar caused more gas bubbles to be produced, but it did not double the reaction.

Check your learning 1.15

Check your learning 1.15

Retrieve 4 Explain why personal pronouns are not used
1 Define the term “hypothesis”. in scientific reports.
2 List the parts of a scientific report and 5 Explain why it is important that scientists
provide a brief description of what should be prepare scientific reports.
included in each part. 6 Explain why using a common format for

all scientific reports might make it easier for

Comprehend L . .
scientists to communicate with one another.

3 Explain why a conclusion is written at the
end of an experiment or investigation.
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Lesson 1.16
Command terms identify tasks and
communicate responses

Key ideas

— Command terms are “doing words” that ask you to perform a specific task. @

— Command terms can be grouped into categories based on how much thinking and

understanding is required to perform the task. Learning intentions

and success criteria

Understanding command terms

A command terms is a verb or “doing word” that requires you to do a certain kind command term a

of thinking complete a set task. “doing word” that
requires you to

Command terms are helpful for a number of reasons. They can help you to: perform a specific
» understand exactly what the question is asking you to do thinking task
e identify how complex or difficult a question is
* think about your own thinking processes — a process called metacognition
* structure and communicate your responses more clearly.

Command terms are commonly used in questions — both in this course and in
most of the assessment tasks you will be completing this year. In each lesson of this
course, you’ll see that the command term in each question is bolded.

Some common command terms are listed in Table 1. Each one has an explanation
that tells you what you whet the command term is telling you to do.

Some command terms involve simpler thinking processes that are easier to
understand and master (e.g. define), whereas others are more complex and will take
some time to practise and master (e.g. discuss). For this reason, command terms are
organised into four categories based on the type of thinking processes required and
how complex these are. These are also listed in Table 1. In order from least complex
to most complex, these include:

* retrieve
 comprehend
e analyse

* apply.

As you work through this course, you’ll notice that the questions in the “Check
your learning” activities in each lesson are organised into these categories. These
categories will help you understand the types of thinking process you need to use
when answering questions and the level of complexity required.

For example, if you are asked to “Name the two fruits in Figure 1, you will simply
need to recall the terms “apple” and “orange” and provide them as your response.

“Name” falls in the “Retrieve” category of command terms so requires less
complex thinking.
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However, if you are asked to
“Compare the two fruits in Figure 1,
you would need to consider the two
fruits carefully, identify at least one
similarity and one difference between
them, and make a comment on the
importance of these similarities and
differences.

“Compare” falls in the “Analyse”
category of command terms so requires
more complex thinking.

Figure 1 Being asked to “name” two fruits or “compare”
two fruits are quite different things!

Table 1 Some common command terms. Familiarising yourself with different command terms can help you
identify what a question is asking you to do and communicate your ideas.

Command term Explanation Category
Define Give the meaning of a word, concept or phrase, = Retrieve — Recall
and identify its qualities information from long-term
. . .. L. memory.
Identify Recognise, name and/or select a distinguishing

factor or feature

Name Provide a word or term to identify a person,
place or object

Recall Present remembered facts, experiences or ideas

Use Operate or put into effect

Select Pick out

Describe Provide a description of a situation, event, Comprehend — Activate
pattern, or process (including its features or and transfer knowledge from
characteristics) your long-term memory to

R . . your working memory.
Explain Provide a detailed account of how and/or

why, referencing effects, causes, reasons and
relationships between things

Summarise Give a brief statement of relevant and
important details of text, events, processes,
concepts or narratives; present ideas and
information in fewer words and in sequence

Classify Arrange, distribute or order in classes or Analyse — Use your
categories according to shared qualities or reasoning to go beyond what
characteristics was directly taught.

Compare Recognise similarities and differences, and the

importance of these

Contrast Give an account of the differences between two
or more items or situations

Distinguish Recognise as distinct or different and note
points of difference

Interpret Draw meaning from information, determine its
significance and recognise patterns and trends

Calculate Determine or obtain a numerical answer using
mathematical processes
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Command term Explanation Category
Create Reorganise or put elements together into a new = Apply — Use your knowledge
pattern or structure in specific situations.
Discuss Present a clear argument that is balanced and

considered, identifying strengths, weaknesses,
issues and points for and against; talk or write
about a topic

Evaluate Examine and determine the merit, value,
amount or significance of something; make a
judgement

Justify Give reasons or evidence to defend or
support an answer, response, point of view or
conclusion

Predict State an expected result or outcome of a future
action or event; make an educated guess based
on observations and prior knowledge

Check your learning 1.16

Check your learning 1.16

Retrieve Analyse
1 Define the term “command term”. 4 Distinguish the different categories of
2 Identify the command term that requires command terms.
y(?u to describe at least 0n§ similarity and one Apply
difference between two things. 5 A student was asked to distinguish between
Comprehend the apple and orange in Figure 1.
3 Describe what is required to correctly a Identify the command term in the
answer: question.
a a “classify” question b The student’s response was “Both the
b a “distinguish” question apple and orange are round in shape”.
¢ an “explain” question. Evaluate whether the student has

correctly answered the question.
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Lesson 1.17

Review: Science toolkit

summary

Lesson 1.1 Science is the study of the natural and
physical world

Science is the study of the natural and physical
world.

Science measures what we observe (e.g. see,
hear, smell and feel) and organises it into
testable explanations.

Scientists have jobs that focus on asking
questions and finding answers.

Some scientists work in a laboratory; many
scientists work in teams.

Scientists answer questions by observing,
recording and interpreting what they find.

Lesson 1.2 Scientists value the knowledge and skills
of Aboriginal and Torres Strait Islander Peoples

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.

Lesson 1.3 Scientists follow 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.

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.
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Lesson 1.4 Scientists make observations and ask
questions

Scientists make observations using their
senses (i.e. what they see, hear, smell, taste
and touch).

Science involves making observations over
time, identifying and comparing things to
identify trends and patterns.

Scientists use their observations to ask
questions that can be investigated and infer
(i.e. make an educated guess about) what is
happening around them.

Lesson 1.5 Scientists plan and conduct
experiments

An experiment must be a reproducible test to
ensure accurate and reliable results.

Reliable results are those that are consistent
and can be trusted because they are repeatable
under the same conditions.

When planning and conducting scientific
experiments, managing risks is crucial for
everyone’s safety.

Ethical issues are important questions or
problems that scientists must consider before
conducting an experiment (e.g. whether

the research might harm living things, the
environment, or go against important values
like honesty, respect, and fairness).

Lesson 1.6 Scientists use specialised equipment

Scientists use specialised equipment to
conduct experiments in the laboratory and

in the field.

All instructions and safety protocols need to be
followed when using specialised equipment.
Scientific diagrams are used to show how
specialised equipment needs to be set up to
conduct an experiment.
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Lesson 1.8 Scientists measure and record data
accurately

To achieve maximum accuracy, all
measurements must be taken carefully, using
the most suitable measuring device.

Each scientific device must have a scale
appropriate to the accuracy that you require.

Lesson 1.10 Scientists use tables, graphs, and
models to record and analyse data

Scientists need to collect data and present it in
an organised manner.

Tables and graphs allow scientists to identify
patterns in their results.

Tables should have a heading, column headings
with units of measurement and data in each
column.

Different graphs should be used depending on
the type of data (discrete or continuous) being
displayed.

Keys helps a scientist to interpret or identify
information in scientific diagrams, maps

and data.

Models are representations that help explain
scientific concepts or can be used to test
explanations.

Mathematical relationships show connections
between variables and pieces of data and
express them as numbers or equations.

Lesson 1.11 Scientists present accurate data

Repeating an experiment helps to identify errors.
Outliers are values that are very different from
the main group of data.

Outliers can affect the mean (average) of the
overall results.

The median (middle number of data when
placed in increasing order) or the mode (most
common result) is less affected by outliers.

Oxford University Press

Lesson 1.12 Scientists evaluate claims and results

Science experiments are planned and analysed
carefully to minimise errors.

Before claiming that a hypothesis is supported
or refuted, experimental data must be checked
carefully to identify any assumptions, errors
and improvements.

Lesson 1.13 Scientists keep a logbook

A logbook is used by scientists in the
laboratory and in the field to record the details
and results gathered during experiments and
research.

A logbook provides evidence of the planning,
changes and results of an experiment.

Lesson 1.15 Scientists use reports to communicate
findings

A scientific report is structured document that
presents research findings and date in a formal,
structured way.

Scientists use a similar style and language in
their reports so that they can be understood by
scientists worldwide.

Scientists communicate with other scientists so
that they can learn from each other and expand
on each other’s work.

Lesson 1.16 Command terms identify tasks and
communicate responses

Command terms are “doing words” that ask
you to perform a specific task.

Command terms can be grouped into
categories based on how much thinking

and understanding is required to perform
the task.
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Review questions 1.17

Review questions: Module 1

Retrieve 4

1 Identify which of the following is a hypothesis.

A Plants need water.

B A plant needs to be watered every day.

C If a plant was not watered, then it would die.

D If a plant was not watered then it would die
because plants need water to grow.

2 Figure 1 shows the distance a marshmallow
travelled when it was released from a slingshot
stretched to various lengths. Identify the
relationship between the variables shown on
the graph. 6
A Directly proportional
B Inversely proportional
C Having no direct relationship
D A negative relationship

—
(=3
(=)

90
80 / 7
70

60 / 8
50
40

20 9

10

Distance marshmallow travels (cm)

(=)

0 1 2 3 4
Distance elastic is stretched (cm)

Figure 1 Distance a marshmallow travels according to distance
elastic is stretched

3 Recall the variable that is placed on the

horizontal axis of a graph.
A Independent variable 10
B Dependent variable
C Controlled variable

D Uncontrolled variable
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Define the following terms.
a Parallax error

b Positive correlation

¢ Dependent variable

d Outlier

State the SI unit for the following
measurements.

a Time

b Mass

¢ Length

d Volume

State the meaning of and write the symbol
for the prefix for each of the following units

of measurement.

a Teralitre

b Megalitre

¢ Microlitre

d Nanolitre

Name the four features that should be present
on all graphs.

Recall the information that should be included
in an experimental logbook.

o / Comprehend

A student is planting out a new garden bed.
They research how to care for their plants and
learn that some people water their plants with
orange juice as well as with water. The student
wants to try this but doesn’t know how often
to use orange juice. The student starts an
investigation. Represent the student’s science
question as a hypothesis.

Explain why it is best to present your data in
table form.
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11 Every year on her birthday, Enza has measured
her height to see how much she’s grown.
Represent the data in Table 1 as a graph,
which shows how much Enza has grown in her
first 8 years.

Table 1 Enza’s growth from age 1 year to 8 years

Age (years) Height (cm)
1 75
86
91
99
105
110

117
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12 Summarise why two scientists might compare
their experimental results.

13 A scientist observed that as the temperature
increased, the flowers on a rose bush started
wilting and dropped off the bush. They drew
a graph that showed a directly proportional
relationship between the temperature and the
three flowers on the rose bush. Explain why
the scientist’s observations of a single rose bush
should not be extended to all rose bushes.

14 Describe the type of information that may be
included in your logbook.

15 Explain why it is important to include in
your logbook any changes you make to an
experimental method.

16 A scientist conducted an experiment and did
not keep a logbook. They were asked to prepare
a formal report about their experiment as part
of a request for further funding. Explain the
problems the scientist will have when writing
the report.

Analyse

17 Two students used two different balances to
weigh some rock samples. Their results are in
Table 2. Calculate the average weight of the
rocks. Give your answer to the appropriate
number of significant figures.

Oxford University Press

Table 2 Weight of rock samples

Rock sample number Weight (g)
1 28.03
2 35.24
3 37.639
4 30.426

18 Calculate the mean, median and mode of the
following set of data.

15,13, 18, 16, 14, 17, 12, 13, 19

19 Contrast the independent variable and the
dependent variable.

20 Differentiate between a directly proportional
relationship and an inversely proportional
relationship.

21 Contrast causation and correlation.

22 Compare parallax error and zero error.

23 Identify the number of significant figures in
each of the following measurements.

a 65.301g
b 0.006420kg
c 40L

24 A student recorded the results of an experiment
in Table 3. Identify any errors in the table
set up.

Table 3 The distance a marshmallow travelled when released from
an elastic slingshot.

Distance marshmallow Distance elastic

travels stretched
93 4
55 3
38 2
12 1

25 Answer the following questions about the graph

in Figure 2.

a Identify the label that should be on the
X-axis.

b Identify the label that should be on the
y-axis.

¢ Identify which year had the greatest
number of road deaths.

d Identify the number of road deaths that
occurred in 1965.
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e Describe the trend between:
i 1945 and 1965
ii 1975 and 1985
iii 1990 and 2010.
f Identify one factor that could have caused
the trend from 1985 to the current day.
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Figure 2 A graph showing the number of road deaths from 1925
to 2010

Apply
Creative and critical thinking

26 Scientists often need to find new and creative
ways to present the results of their experiments.
Propose two ways a scientist could publish
information to the public. For each option,
describe the audience they are trying to reach.

27 Scientists present formally written reports in
scientific journals. Many of these reports must
be examined (peer reviewed) by other scientists
before they will be accepted for publishing.
Investigate and discuss one advantage of the
peer review process.

28 Discuss why you think working in order from
“retrieve” to “comprehend” to “analyse” and
finally to “apply” type questions is beneficial
for your learning.

Social and ethical thinking

29 When writing a report for a scientific journal,
scientists will often mention the results of
experiments from other scientists. If this work
is a result of Aboriginal and Torres Strait
Islander Peoples’ cultural practices, then
the scientist is encouraged to use the CARE
principles. Select one of the principles and
discuss why it is important.

— Collective benefit — Using this data should
provide benefit to Aboriginal and Torres
Strait Islander Peoples.
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— Authority to control — Aboriginal and
Torres Strait Islander Peoples should have
the right to control their data.

— Responsibility — Those using the data have
the responsibility to engage respectfully
with Aboriginal and Torres Strait Islander
communities.

— Ethics — The ethics of Aboriginal and
Torres Strait Islander Peoples should be
used to minimise harm, maximise benefits
and allow for future use.

Research

30 Choose one of the following topics for a
research project. A few guiding questions have
been provided for you, but you should add
more questions that you want to investigate.

Present your research in a format of your own

choosing, giving careful consideration to the

information you are presenting.

Testing sticky tape

Design an experiment to test the strength of

different types of sticky tape.

* Identify your independent variable.

¢ Describe how you will measure your
dependent variable.

» List all the variables that could affect
the results.

¢ Describe how you will control each of
these variables.

e List the materials you will need.

¢ Develop a method in a step-by-step
manner.

Figure 3 Rolls of sticky tape

Oxford University Press

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

Matilda effect

Historical science books are dominated

by the discoveries of male scientists. The

research of female scientists was often

ignored or accredited to their male colleges.

This “Matilda effect” was first described by

suffragist Matilda Joslyn Gage in 1870.

* Investigate the work of one of the
following scientists: Jeanne Baret (1740—
1807), Marian Diamond (1826—-2017),
Nettie Stevens (1861-1912) or Rosalind
Franklin (1920-1958).

* Describe the work that they did, what
they discovered and who received credit
for their work.

Figure 4 Matilda Joslyn Gage

Aboriginal and Torres Strait Islander

knowledge

Aboriginal and Torres Strait Islander

Peoples of Australia have used their

experiences to identify plants that can be

used for food or medicines. This knowledge

has been shared with other Australians, who

are investigating producing these plants in

commercial (large) quantities for sale.

¢ Propose who should be recognised for
these scientific discoveries.

¢ Justify your decision by explaining how
each group (Aboriginal and Torres Strait
Islander Peoples or European owners of
companies) contributed to the research,
production and sale of a product such as
Kakadu plum foods and beauty products.

¢ Propose how the contributors could be
recognised.

Figure 5 Kakadu plum (Zerminandia ferdinandiana)
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Module

The rock cycle

Overview

The world around us is constantly changing. Some
changes are so slow that they can be difficult to see.
The rock cycle can be very slow and includes the
processes of weathering, erosion and heat. Heat

and forces shape the rocks, and fossils can help
our understanding of when rocks were formed.
Our understanding of rocks and their properties
influences how we can use them effectively.




Lessons in this module:

Lesson 2.1 Rocks have different properties
(page 74)

Lesson 2.2 Challenge: Identifying rocks

(page 77)

Lesson 2.3 Igneous rocks develop from magma
and lava (page 78)

Lesson 2.4 Experiment: What affects crystal size?
(page 81)

Lesson 2.5 Sedimentary rocks are compacted
sediments (page 82)

Lesson 2.6 Experiment: Making sedimentary
rocks (page 85)

Lesson 2.7 Metamorphic rocks require heat and
pressure (page 87)

Lesson 2.8 Experiment: Making a metamorphic
rock (page 90)

Lesson 2.9 The rock cycle causes rocks to be re-
formed (page 91)

Lesson 2.10 Challenge: Modelling the rock cycle
(page 94)

Lesson 2.11 Weathering and erosion can be
prevented (page 96)

Lesson 2.12 Challenge: Preventing soil erosion
(page 98)

Lesson 2.13 The age of a rock can be calculated
(page 100)

Lesson 2.14 Experiment: Making a fossil
(page 103)

Lesson 2.15 Science as a human endeavour:
The locating and extraction of minerals relies on
scientists (page 105)

Lesson 2.16 Experiment: Copper treasure hunt
(page 109)

Lesson 2.17 Experiment: What if a muffin were
mined in different ways? (page 111)

Lesson 2.18 Review: The rock cycle (page 112)
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Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

rock anaturally
occurring solid
substance that s
made up of one or
more minerals

properties in
chemistry, the
characteristics or
things that make a
substance unique

geologist a
scientist who studies
the physical structure
and history of Earth

mineral naturally
occurring elements or
compounds

dichotomous key
a diagram used in
classification; each
“arm” of the key
contains two choices
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Lesson 2.1
Rocks have different properties

Key ideas
— Geologists are scientists who study rocks.

— The characteristics of rock include the colour, presence of layers, hardness, density and
crystal size.

Introduction

Rocks don’t all look and feel the same. Each rock has characteristics that give clues
to its identity, such as its colour or hardness. These characteristics are referred to
as properties. By making careful observations of a rock’s properties, geologists
(scientists who study rocks) can tell where a rock came from and what has
happened to it.

|dentifying and selecting rocks

Rocks are used for particular purposes because of their properties. For example,
granite is selected for kitchen benchtops because it is the hardest building stone, it is
not porous (it does not let liquid through), it is not affected by temperature and it is
resistant to damage from chemicals.

Aboriginal and Torres Strait Islander Peoples use their knowledge of the properties
of rocks to make tools. For example, abrasive rock, such as sandstone, is used to grind
seeds and other plant material.

You can identify rocks first by how they look. Coal is black or dark brown. Pumice
and scoria are covered with holes. Each rock is made up of tiny grains or crystals
called minerals. These minerals have unique properties that can determine the
properties of the rock. Granite is made up of large crystals of the minerals quartz,
mica and feldspar. This can make it very hard. Other rocks can break off in layers of
minerals. Some, like conglomerates, are made up of individual stones
cemented together.

Geologists also use a range of other properties to help identify rocks, such as
layering, weight and the presence of crystals or grains (Figures 1 to 5). The
properties of rocks can be used in a key, such as a dichotomous key, to identify and
classify rocks.

Table 1 lists some different types of rocks and how they can be identified.

Oxford University Press
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Table 1 Rock identification

Rock
Basalt
Coal

Conglomerate
Gneiss

Granite
Limestone
Marble
Obsidian
Pumice
Quartzite
Rhyolite
Sandstone
Schist
Scoria
Shale

Slate

Figure 1 Weight and density are less if rocks contain
large gas holes that were produced when the rock

was formed. In pumice, the holes can be the size of a
match tip or smaller. In scoria the holes are often the

size of a pea.

Figure 3 Colour is a property that depends on the chemicals in the rocks. For example, some red rocks contain a
lot of iron, which has reacted with oxygen in the air (“rusted”) to form red iron oxide. Other red rocks don’t contain
iron, so a rock cannot be identified solely by its colour.

Oxford University Press

Grain size
Fine or mixed
Fine

Mixed

Coarse

Coarse

Fine

Coarse

Fine

Fine

Coarse

Fine

Coarse

Medium to coarse
Fine

Fine

Fine

Hardness
Soft

Hard or soft

Hard

Hard
Soft
Soft
Medium
Soft
Hard
Hard
Hard
Medium

Soft
Soft

Usual colour
Dark
Dark

Alternating light
and dark bands

Light
Light
Light
Dark
Light
Light
Light
Light
Medium
Dark

Dark

Density

2.8-3
1.3

2.3-2.6

2.6-2.7
2.3-2.7
2.4-2.7
2.6

0.6

2.6-2.8
2.4-2.6
2.2-2.8
2.5-29
0.9

2.4-2.8
2.7-2.8

Figure 2 Layers in rocks can look very different.
Some rocks have different-coloured layers that line
up like ribbons. Gneiss usually has alternating layers
of colours, often black and white. Sandstone has
layers of different-sized grains of sand. Wind or water
distributes the sand so that the rock ends up being

different shades of the same colour.
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Figure 4 Crystals are small pieces of organised Figure 5 Grains are small pieces of material. The size
particles that have smooth sides and sharp edges. They of the grain can be used to identify the type of rock.
are usually just one colour and often reflect light off their ~ Large grains (larger than a grain of rice) are said to be
flat surfaces. Crystals in a rock can be different sizes. coarse. Smaller grains that can still be seen with the

eye are medium grained. Fine grains cannot be seen
without a microscope.

Check your learning 2.1

Check your learning 2.1

Retrieve e
1 Recall the branch of science that is the study . . @

of rocks. Basalt Coal Conglomerate

2 Name the properties that are used to identify Fine and mixed  Fine grain, soft, Mixed grain, hard
) grain, dark colour  dark colour or soft, colour varies
different types of rocks.

3 Explain why properties other than colour . . .
Gneiss Granite Limestone

should be used to identify a rock. Coarse grain, Coarse grain, Fine grain, soft,
crystals in layers hard, light colour light colour

Comprehend

Analyse

4 Use Table 1 and Figure 6 to identify the
rocks in the following descriptions.

a I am light in colour with a fine grain. I am . ~ Obsidian _ Pumice
. Coarse grain, Fine grain, medium, Fine grain, soft,
considered soft. soft, light colour dark colour light colour
b I am light in colour with holes in "
the surface. ’:{«\{1
i

¢ I am soft, shiny and dark in colour. I am :
£t d for fl . Quartzite Rhyolite Sandstone
R e R Coarse grain, Fine grain, often Coarge grain,
d I have mixed grains and my colour can vary. hard, light colour laxjger crystals,  hard, light colour
light colour

e -
5 Investigate different uses for three rock

types of your choice. Schist Scoria

. . Medium or coarse Fine grain,

6 Determine whether pumice would be an grain, layers, dark colour

appropriate material for a kitchen bench (by splits easily

describing the properties needed for a kitchen - ’

bench and comparing these properties to the
. . Shale Slate
properties of pumice). Fine grain, soft  Fine grain, soft,

dark colour
Figure 6 Some of the many different types of rocks
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Skills builder: Planning investigations

7 A student was conducting an investigation

about the properties of different rocks. They
collected a piece of coal, pumice, sandstone
and scoria. They then placed them in a large

Lesson 2.2

bucket of water and observed which floated
and which sunk. Suggest a question the
student might be investigating. (THINK:
What property were they trying to observe?
Can you identify the independent and
dependent variables in this investigation?)

Challenge: Identifying rocks

Aim

Table 1 A dichotomous key for common types of rocks

1 Does the rock have layers? Yes — Go to 3;
To use a key to identify different types of rocks (Use a magnifying glass No - Go to 2
to check.)
. 2 Can you see cracks in the rock? = Yes — Go to 4;
What you need: No_ Go to 5
3 Can sand be rubbed off Yes — Sandstone;
* Rock ?mples (unnamed, perhaps labelled the rock? No - Go to 8
A, B D etc.
> ) 4 Is the rock a light colour (i.e. Yes — Marble;
e Hand lens mostly white)? No - Go to 10
* Dichotomous key (Table 1) 5 Does the rock look like glass? Yes — Obsidian;
No-Goto6
5 6 Does the rock have a lot of Yes — Pumice;
What to d O. holes that make it light to hold?  No - Goto 7
1 Examine each rock sample with the hand 7 Istherockgrey to black? Yes - Basalt;
lens and use the key in Table 1 to identify it. No - Limestone
Be aware of the following 8 Can you see crystals in Yes — Gneiss;
: the rock? No - Go to 9
— Crystals in rocks have straight edges and
y . g g 9 Can you see layers of thin, flat = Yes — Slate;
flat, shiny surfaces. pieces of rock? Could the rock | No — Quartz
— Grains are not shiny, they are jagged or be split easily?
10  Does the rock have a lot of Yes — Pumice;

rounded and more like grains of sand.
— Coarse grains are about the size of a

grain of rice. Medium grains are smaller
but still visible to the naked eye and small

grains are only visible with a hand lens
or magnifier.
2 Construct a table to record your results,

identifying the rock sample (e.g. sample A),

its main properties and its name.

holes that make it light to hold?

No — Granite
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Figure 1 Rocks can be identified using a dichotomous key.

>
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<
Questions

1 Describe any difficulties you had when
identifying your rock samples. Make a note
of any samples that you could not identify.

2 Compare your results with those of another
group. Identify any differences between
your results and the other group’s.

©

Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

igneous rock rock
formed by cooling
magma and lava

magma semi-liquid
rock beneath Earth’s
surface

Lesson 2.3

3 Discuss one error or assumption (something

you thought was true but was not) that you
might have made that could have changed
the way you identified the type of rock.

4 Ask your teacher for the names of your rock

samples and highlight the rocks that you
correctly identified (hopefully all of them).

lgneous rocks develop
from magma and lava

Key ideas

— Magma (hot liquid rock) flows deep beneath Earth's surface.

— When the magma moves above Earth's surface it is called lava.

— Igneous rocks form when magma and lava become solid.

Introduction

Rocks are broadly classified
according to how they are
formed. The three main types
of rocks — igneous, sedimentary
and metamorphic — form in
different ways. Igneous rocks
form when the magma and lava
from volcanic eruptions cool
and solidify.

Magma and lava

The term “igneous” comes
from the Latin word ignis,
which means “fire”. The hot,
molten rock inside the Earth is
called magma and its

Extrusive igneous rock

Figure 1 Igneous rocks are formed from volcanic magma.

temperature can be more than 1200°C. The magma chamber under a volcano is the
source of molten rock for the volcano (Figure 1).

78 Oxford Science 8 Victorian Curriculum
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In a volcanic eruption, the red-hot magma rushes out onto the surface of Earth

as lava. lava hot, molten

.. c g . rock that comes to
The cooler conditions at Earth’s surface help to solidify the lava quickly. Igneous the surface of Earth

rocks also form from magma under the ground. These igneous rocks look quite in a volcanic eruption
different from those formed on Earth’s surface because they cool much more slowly.

Intrusive igneous rocks

Intrusive igneous rocks form slowly intrusive igneous
beneath the surface of Earth when rock rock formed
underground by
magma becomes trapped in small slowly cooling magma
pockets. These pockets of magma cool
slowly underground (sometimes for
millions of years) to form igneous rocks.
The longer it takes for lava to cool, the
bigger the rock crystals that grow.
Intrusive igneous rocks have large
crystals locked together. Granite is an
intrusive igneous rock in which the crystals can be seen with the naked eye (Figure 2).
Although formed underground, intrusive igneous rocks reach Earth’s surface when
they are either pushed up by forces in Earth’s crust or uncovered by erosion.

Figure 2 Granite is an intrusive igneous rock.

Extrusive igneous rocks

Lava cools much more quickly on the surface of Earth. This causes it to form

extrusive igneous rock. Because the lava is cooling more quickly than the magma extrusive igneous
underground, the crystals are smaller. Sometimes, the lava cools so quickly that no :?E:rtg?sczjff;rzsiy
crystals are formed. For example, pumice has no crystal structure. Pumice forms quickly cooling lava
when hot, gas-filled lava cools very quickly. The many tiny holes in pumice are

formed by volcanic gases escaping from the cooling lava.

Pumice has so many holes that it is
extremely light and can float on water
(Figure 3). Pumice stones are used to
scour hard skin from feet, and powdered
pumice is found in some abrasive
cleaning products.

Obsidian is a smooth, black rock that
looks like glass (Figure 4C). It is formed M
almost instantly when lava cools and o :
forms no crystals. Obsidian is used to
make blades for surgery scalpels; the
resulting blades are much sharper than
those made from steel.

Figure 3 Pumice contains many holes that make it light
enough to float on water.

The different forms of basalt

Magma can solidify into many different igneous rocks, which can vary in appearance.
This is because of how igneous rocks form and the minerals they contain.

Oxford University Press Module 2 The rock cycle 79
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Basalt is the most common type of rock in Earth’s crust. Most of the crystals in
basalt are microscopic or non-existent because the lava cools so quickly that large

crystals do not form.

We commonly think of basalt as the building product bluestone (Figure 4A).
Aboriginal and Torres Strait Islander Peoples also use the hard basalt with strong
tensile strength in the production of stone axes. Basalt can look different depending
on the type of volcanic eruption that produced it and how quickly it cooled.

Scoria is a type of basalt that is full of bubble holes (Figure 4B). The lava was
filled with gases when it began to cool and the holes in the scoria are where the gas
bubbles once were. Scoria is a light rock that is often used for garden paths and as fill

in drainage trenches.

Figure 4 Basalt comes in different forms: (A) bluestone and (B) scoria. Obsidian (C) has a higher level of silica than basalt.

Check your learning 2.3

Check your learning 2.3

Retrieve
1 Define the term “igneous”.
2 Name the type of rock that is produced by
magma that cools deep below Earth’s crust.
3 Recall an igneous rock that would float
on water.

Comprehend

4 Describe how igneous rocks form.

5 The ancient civilisations that discovered
obsidian had a competitive advantage
over those who didn’t. Explain a possible
advantage of obsidian rock.

Analyse

6 Contrast (the differences between) the
properties of intrusive and extrusive
igneous rocks.

80 Oxford Science 8 Victorian Curriculum

7 Consider the ways humans use these rocks
and how their properties are important for
their uses.

Skills builder: Processing and analysing
information

8 In this topic you have learnt about different
types of igneous rocks, including pumice,
obsidian, scoria and basalt. Construct a
table to clearly organise the information
found in this topic about the properties
of pumice, obsidian, scoria and basalt.
(THINK: What information do you have
and how can you group it?) Remember that a
table should always have a heading and that
columns should have labels.

Oxford University Press
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Lesson 2.4
Experiment: What affects crystal size?

Aim
To grow crystals and determine what affects
their size

Materials

Alum
Tablespoon
Hot water

250 mL beaker
Evaporating dish
2 Petri dishes
Tripod
Bunsen burner
Heatproof mat
Gauze mat
Matches
Safety glasses

Method

1

Prepare a solution of alum by mixing

2% tablespoons of alum with 120 mL of
hot water in the beaker. Stir until the alum
is dissolved.

Pour roughly equal amounts of alum
solution into the evaporating dish and the
two Petri dishes.

Put one of the Petri dishes in the refrigerator.

Put the other Petri dish on a window sill.
Place the tripod and the Bunsen burner
on the heatproof mat. Place the gauze mat
and then the evaporating dish on top of
the tripod.

Safely light the Bunsen burner and move
it under the tripod on the heatproof mat.

Oxford University Press

Close the collar on the Bunsen burner to
produce a yellow (safety) flame.

While wearing safety glasses, gently

heat the evaporating dish containing the
alum solution over the yellow flame. The
yellow flame is cooler and will allow for
gentle boiling.

Continue heating the solution until nearly all
the water has evaporated. Stand back from
the evaporating dish and the solution while
heating as the solution may spit and splatter.
Observe the size of the crystals formed in
the evaporating dish. Turn off the gas when
the water is almost gone and allow to cool.
Store the crystals in a cool, dry place.

10 After 2 days, compare the size of the

crystals formed by heating quickly to the
crystals formed slowly on the window sill.

11 Observe the crystals formed in the

refrigerator again after 4 or 5 days.

Results

Draw a labelled diagram of the crystals
formed in the evaporating dish and in the
two Petri dishes. Your diagram needs to
show the different sizes of the crystals in the
different dishes.

Discussion

1

Identify the independent variable for

this experiment.

Identify the dependent variable.

Name three variables you needed to control.
How were these controlled?

Each of these crystals grew over a different
time span. Describe how allowing the

Module 2 The rock cycle 81
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crystals to form slowly affected the size of

the crystal.

5 Compare the results of your crystals
to those grown by others in your class.
Describe the largest and smallest
crystals formed.

6 Identify any factors that could explain any
variation in the crystals formed.

Conclusion

Describe what you learnt about the factors
affecting crystal size. Figure 1 Different factors can affect the size of a crystal.

©

Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

erosion water,
wind, and other
natural forces causing
rocks and earth to
wear away

Lesson 2.5
Sedimentary rocks are
compacted sediments

Key ideas
— Sedimentary rocks are formed from compacted particles or sediment.

— Stalactites and stalagmites are forms of sedimentary rock.

Sediments

Sediments are rock particles such as mud, sand or pebbles, which are usually washed
into rivers and eventually deposited on the riverbed or in the sea. Sediment can be as
small as a grain of sand or as large as a boulder. The particles can be moved by water,
wind or moving ice (glaciers). This process is called erosion and is important in
moving nutrients from one area to another.

Sedimentary rocks

Over thousands or even millions of years, sediments form thick layers on the riverbed
or sea floor. Pressure from the overlying sediments and water forces out air and any
gaps in the bottom layer. Over time, the pressed-together (compacted) sediments
become sedimentary rocks (Figure 1).

82 Oxford Science 8 Victorian Curriculum Oxford University Press
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called beds.

The grains of sediment in lower layers together (Figure 4).
begin to squash together.

Chemicals that are dissolved in the water
can soak into the sediments.

The names of some sedimentary rocks are
clues to the sediments that formed them —
sandstone, mudstone, siltstone and conglomerate
are all types of sedimentary rock (Figure 2).
Sediments are deposited in layers Sandstone is made up of sand deposited in
environments such as deserts and beaches
(Figure 3). The word “conglomerate” means
“gathered into a ball”. Conglomerate is a mixture
of all sizes of rocks that have become cemented

m
7
*
-
-
)
=]
o
(7]
©
]
(o]
(]

Figure 3 Sandstone is a popular building

The chemicals hel t th . Figure 2 Shale (or mudstone) is the most material because it is strong and durable but
¢ cnenucals he'p cement the grains common sedimentary rock. Shale is a fine- also soft enough to easily carve. This ancient
together once the water has evaporated. . . . .
grained sedimentary rock made up of clay temple of Abu Simbel in Egypt was carved
Figure 1 The formation of sedimentary rocks. minerals or mud. directly into the sandstone rock.

Biological rocks

Sedimentary rocks are not always
formed from the sediments of minerals
or other rocks. The remains of living
things also break down and are
deposited as sediments. Shells and
hard parts of sea organisms break
down and are deposited in layers on the
ocean floor. Eventually, they become
cemented together under pressure to
form limestone.

The compaction of dead plant material
can also help to form sedimentary rocks.
For example, coal is formed from dead
plants that were buried before they
had completely decayed (Figure 5).
Compression forces from the layers above
can change the plant material into coal
or oil.

Chemical rocks

Chemical sedimentary rocks form when
water evaporates, leaving behind a solid

Oxford University Press

Figure 4 Conglomerate rocks have grains of
different sizes.

Figure 5 When dead plant matter is buried before
decomposing, it forms coals over millions of years.
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substance. When seabeds or salt lakes, such as LLake Eyre in South Australia, dry
up, they leave a solid layer of salt behind. If the layer of salt is compressed under the
pressure of other sediments, it may eventually form rock salt.

Cave formations

When groundwater passes over limestone, it can dissolve calcium carbonate from
the limestone. When the water evaporates, it leaves behind the calcium carbonate.
Various rock formations in caves are formed by this method.

The amazing long strands of rock
found on cave floors and ceilings are
composed of calcium carbonate from
the limestone ceiling of the cave. A
stalagmite grows from the floor towards
the ceiling (they “might” reach the
ceiling one day) and a stalactite grows
down from the ceiling (they hold on
“tight”) (Figure 6). If these formations
meet in the middle, they form a column.

Stalagmites and stalactites form when Eigu re 6 Stalagmites and stalactites form in

. . . . limestone caves.
limestone rocks are dissolved by acids in
water. The acid and dissolved limestone form a solution that drips through the ceiling
of the cave and is deposited on the stalagmites and stalactites, gradually increasing
their width and length.

It is important that visitors to limestone caves do not touch the stalactites and
stalagmites because they are generally still forming. Oil from skin can interfere with
stalagmite and stalactite formation.

Ochre

Ochre is one of the sedimentary rocks most valued by Aboriginal and Torres
Strait Islander Peoples in Australia. It is valued for its high shine that generates

a shimmering effect in the light of a fire. It is used in body paint, rock paint and
on artwork. There are six colours of ochre, from yellow to deep orange or brown.
Aboriginal and Torres Strait Islander
Peoples have mined and traded
sedimentary ochre for thousands of
years. Wilgie Mia in Western Australia

is 20 metres underground and is the
world’s oldest continuous mining
operation (Figure 7). This 27,000

to 40,000-year-old mine used pole
scaffolding to prevent the mine from
collapsing on the miners while thousands
of rocks were removed to reach

the ochre.

Figure 7 Wilgie Mia ochre mine.
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Check your learning 2.5

Check your learning 2.5

Retrieve
1 Recall how sedimentary rocks form.
2 Name three different sedimentary rocks.

3 Recall how stalactites and stalagmites form.

Comprehend

4 Explain the link between plants and coal.

Analyse

5 Compare (the similarities and differences
between) the formation of biological and
chemical sedimentary rocks.

6 Infer why sandstone is often used for
carving statues.

Apply
7 A student claims that sandstone is made up

of sand. Evaluate their claim (by explaining

Lesson 2.6

how sandstone is formed and using this to
decide whether the claim is correct).

Skills builder: Communication

8 Imagine that you needed to explain

how conglomerate rocks were formed to
somebody who had never heard about rocks
before. Construct a diagram to explain how
conglomerate rocks are formed and include
labels to describe the process. (THINK:
What do they need to know about rocks to
understand? How can you use the diagram
to help?)

Experiment: Making sedimentary rocks

Aim
To make small samples of sedimentary rocks
and compare them against real samples

Materials

¢ Dry clay

e Mortar and pestle

e Teaspoon

e Samples of sedimentary rocks
e White tile

Oxford University Press

e Drysand

e DPlaster of Paris

¢ Small, smooth pebbles
* Water

* 4 empty matchboxes

Method

1 Grind a lump of dry clay with a mortar and
pestle until it is fine and powdery.

2 Using the teaspoon, mix the dry ingredients

for each rock sample on the white tile

Module 2 The rock cycle 85

This work must not be reproduced, stored, transmitted or circulated in any other form.

m
Q
q
-
=
Q
=
o
wn
S
Q
(o]
o




Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

<

according to the recipes in Table 1, but
don’t add the water just yet. You will

need to prepare two shale samples to use

in Lesson 2.8 Experiment: Making a
metamorphic rock (page 90).

Pile up your ingredients into a little hill and
make a small dip in the centre for the water.
Slowly add the water and stir until the
ingredients are uniformly mixed. Be careful
not to make the mixture too wet.

Press your mixture into an empty matchbox,
label it with the rock type and your name
and leave it to dry for 2 days.

When your “rock” is dry, peel off the
matchbox and examine your sample. Take
photos of your samples and photos of the
“real” rocks for comparison. Keep your two
shale samples for L.esson 2.8 Experiment:
Making a metamorphic rock (page 90).

Table 1 Sedimentary rock experiment

Rock
Dry Clay Sand
Sandstone Ya 4
Shale 5 YVa
Conglomerate Ya 1

* ‘(ﬁ)-v’
4 &Y 2 mt

P
i" jcﬁ'nr

Figure 1 Sedimentary rock cliffs
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Results

Include photos of your rocks in your results.
Describe what your rocks look like using the
terms in Table 1 in Lesson 2.1 Rocks have
different properties (page 75).

Discussion

1 Describe how sedimentary rocks
are formed.
Explain how fossils are formed in
sedimentary rocks.

3 Compare (the similarities and differences
between) your rocks and other sedimentary
rocks you have seen.

Conclusion

Describe the characteristics that are unique to
sedimentary rocks.

Number of teaspoons

Plaster of Paris Pebbles Water
Ya 0 2
0 0 2
Y2 4 2

Oxford University Press
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Lesson 2.7
Metamorphic rocks require heat -
and pressure o s
=
e e ST
— Rocks deep underground experience high pressure. 8

— High pressure generates high temperatures.

Check the next

— High pressures and temperatures cause the rearrangement of minerals to form lesson for a linked
practical activity

metamorphic rock. .
or experiment.

Introduction

Metamorphic rocks are formed when other types of rock are changed by incredible = metamorphic
heat and pressure inside Earth (Figure 1). When igneous, sedimentary or even ::;TT:‘OEES: igi?gge
metamorphic rocks are heated to extreme temperatures by magma, or when they are to intense heat and
placed under extreme pressure from the layers of rocks above them, they can change pressure

into different types of rock. For example, limestone changes to marble (Figure 2).

Metamorphic Rock

‘Héat

Figure 2 The Taj Mahal in India is made of marble,
the metamorphosed form of limestone. With its

Figure 1 Metamorphic rocks are formed when other types of rock are exposed to dense composition and beautiful patterns, marble is a
popular material for sculptures and kitchen benchtops.

extreme heat and pressure.

Change in appearance

The combination of high temperatures and pressures causes differences in the
appearance of metamorphic rocks. (Metamorphism means “change in form”.) As you
go deep underground, the temperature gradually increases. Miners in South Africa’s
West Wits minefield, who work up to 3.9 km below ground, report temperatures up to
60°C. Temperatures can get much higher anywhere magma intrudes.
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foliation layering
in arock that occurs
when the rock is
subjected to uneven
pressure

index mineral a
mineral that only
forms at a particular
temperature and
pressure; used to
determine the history
of the rock that
contains the mineral
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The pressure of the earth above the
rock also contributes to the different
appearance of metamorphic rocks. Bands
can occasionally be seen in metamorphic
rocks formed under high pressure. If the
pressure is uneven, the rock crystals can
twist. This is called foliation (Figure 3).

Change in minerals

Metamorphic rocks also change
chemically. Some metamorphic minerals
(sillimanite, kyanite and garnet) only
form at high temperatures and pressures.
They are called index minerals
because they can tell us the history of
what happened to the minerals in the
rock — the temperature and pressure they
were exposed to.

Other minerals, such as quartz,
can withstand high temperatures
and pressures and can sometimes be
found in metamorphic rocks. The
heat and temperature can cause some
crystals to change their size and shape.
Recrystallisation occurs when the
crystals are squeezed together so tightly that they partially melt and form fewer,
but larger, crystals. For example, when granite is squeezed under high pressure,
the crystals change and the rock gneiss is formed (Figure 4). This can affect how
metamorphic rocks are used.

Figure 3 Foliation occurs when rock is subjected to
uneven pressure.

Metamorphic rocks are stronger than the original material because the particles
have been fused together under great pressure or heat. This strength made rocks such
as quartzite useful to Aboriginal and Torres Strait Islander Peoples for producing
grindstones and millstones (Figure 5). The rough surfaces of the stones made it easier
to produce flour from different seeds. The Bama people of northern Queensland,
however, cut ridges in smooth slate so that the rough surface could be used to grind
toxic cycad kernels. Grinding the kernels with water releases the toxins and makes the
kernels safer to eat.

Figure 4 (A) When granite, an igneous rock, is subjected to high heat or pressure, it can change into the
metamorphic rock known as gneiss. (B) The bands on gneiss show that the crystals have been squeezed
together under immense pressure.
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Figure 5 A quartzite grindstone used by Aboriginal and Torres Strait Islander Peoples

The Bama people knew that slate, which absorbs little water, would not absorb the
toxins from the ground kernels, making the tools safe to use again.

The Wurundjeri Woi Wurrung people also mined metamorphic rocks. They were
responsible for a greenstone quarry in the Mount William area in the Grampians in
the 1800s. Many other Aboriginal and Torres Strait Islander Peoples travelled to the
area to barter for the prized greenstone that was used for stone hatchets.

Check your learning 2.7

Check your learning 2.7

Retrieve 6 Identify which type of rock is stronger:

1 State where metamorphic rocks are formed. sandstone or marble. Justify your answer (by
explaining how each rock is formed, linking

RN this to its properties and deciding which
2 Describe how metamorphic rocks is stronger).
are formed.

3 Describe a foliated rock. Skills builder: Problem solving

7 A builder was asked to choose between slate

4 Explain why quartzite is useful for ) o )
or pumice as a building material for the floor

a grindstone.

of a house.
Apply a Identify the advantages and disadvantages
5 A student claimed that a rock had to be of using pumice and slate. (THINK:
igneous because it had quartz crystals. What are the properties of both materials?
Evaluate their claim (by explaining how How would these properties impact on
quartz crystals are formed and using this to their function as a flooring material?)
decide whether the claim is correct). b Identify which option you think is best.

Module 2 The rock cycle 89
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Experiment: Making a metamorphic rock

Aim

To make a sample of a metamorphic rock

Materials

e 2 shale rock samples from Lesson 2.6
Experiment: Making sedimentary rocks

(page 85)

* Tripod * Evaporating dish

e Bunsen burner * Heatproof gloves

* Heatproof mat » Tongs

* Gauze mat * 2 x 250 mL beakers
* Pipe clay triangle » Water

*  Matches

Method

1 Allow your shale samples from Lesson 2.6
Experiment: Making sedimentary rocks
(page 85) to dry for approximately
1 week.

2 Place the tripod and the Bunsen burner
on the heatproof mat. Place the gauze mat
and then the pipe clay triangle on top of the
tripod. Place one of the shale samples on the
pipe clay triangle. The second shale sample
will not be heated.

3 Safely light the Bunsen burner and move
it under the tripod on the heatproof mat.
Open the collar on the Bunsen burner to
produce a blue flame.

4 Strongly heat the shale sample for about half
an hour. You could place an evaporating
dish upside down over the shale to retain
more heat.

90 Oxford Science 8 Victorian Curriculum

After about 30 minutes of heating, turn off
the Bunsen burner and allow the sample to
cool for 10 minutes.

Put on the heatproof gloves and use the
tongs to carefully pick up the shale sample
and drop it into a beaker of water.

Drop the second, unheated shale sample
into another beaker of water and observe
what happens to the two rock samples.

Results

Construct a table to record your observations.

Discussion

1

Contrast (the differences between) the two
rock samples when they are dropped into
the water.

Explain how strong heat can change the
properties of rocks over time.

Compare (the similarities and differences
between) your new metamorphic rock
sample with the original shale sample.

Conclusion

Describe what you know about the formation
of metamorphic rocks.

Figure 1 Metamorphic rock
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Lesson 2.9
The rock cycle causes rocks to

be re-formed

Key ideas

— Weathering is the breaking down of rocks and minerals through the movement of
water and animals, and extremes of temperature.

— Erosion is the movement of the sediment to another area.

— The rock cycle describes the formation of sediment and sedimentary rock, compression
to metamorphic rock, melting and solidification to form metamorphic rock.

What is the rock cycle?

The rock cycle is an ongoing process that describes the formation and destruction of
the different rock types (Figure 1). Each part of the rock cycle can take up to
20 million years.

Weathering
and Erosjon
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Y
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’
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Slow Uplift to Transport
the Surface and Deposition

Sedimentatjop

1

Crystallization Compaction
of Magma and Cementatiop

SEDIMENTARY ROCK

Buria], High temperatyres
and Pressures

METAMORPHIC ROCK
Magma form, from molten

Crust and Mantle

Melting

Figure 1 The rock cycle
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Check the next
lesson for a linked
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rock cycle the
process of formation
and destruction of
different rock types
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abrasion the
process of wearing
away a surface
caused by friction
between particles;
a type of physical
weathering of rock

onion-skin
weathering
weathering of rock
where the outside of
the rock peels off

tor alarge, round
rock produced

by onion-skin
weathering

frost shattering a
process of weathering
in which repeated
freezing and melting
of water expands
cracks in rocks, so
that eventually part
of the rock splits off
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Physical weathering

Mechanical, or physical, weathering
occurs when a physical force is applied to
a rock. It includes the breakdown of rocks
by non-living things.

In a flowing river, the water is
constantly moving over the rocks and
stones on the river bed. Sometimes small
particles of sand move with the water,
rubbing against any rough surfaces on the
rocks. This process of water and small
particles wearing away rock is called
abrasion. It can be similar to sandpaper
on wood, rubbing away the rough edges
of the rocks, making them smooth
(Figure 2A).

In desert areas, the days are very hot
and the nights are freezing cold. This
daily heating and cooling affects only the
outside of the rock. This is because rocks
do not conduct heat very well. Sometimes
the outside of the rock can peel off, just
like an onion skin. This process is called
onion-skin weathering and the round
rocks produced in this way are called tors
(Figure 2B).

When water freezes at night, it
expands and takes up more space. When
water freezes in the crack of a rock, it
expands and pushes hard against the rock
around it. This can make the crack larger. When the ice melts during the warmer day,
water fills the crack again. The next night, ice forms again and makes the crack even
larger. This process is repeated many times until part of the rock is split off. This
process is called frost shattering (Figure 2C).

Figure 2 Physical weathering can include (A) wearing
away by water (abrasion), (B) onion-skin weathering
and (C) frost shattering.

Chemical weathering

Chemical weathering changes the
minerals in rocks. Carbon dioxide in

the air mixes with the water to form

a weak acid rain (a much weaker acid

than vinegar). When this acid rain falls

on rocks such as limestone, a chemical
reaction changes the minerals in the

rock and the minerals are washed away
(eroded). You can see evidence of this type
of weathering in old statues (Figure 3).

Figure 3 Chemical weathering can be caused by
acid rain.
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Biological weathering

Biological weathering can start with a
seed falling into a crack in the rock. Soil
and water in the rock encourage the seed
to grow. As the roots grow, they push on
the cracks in the rock, eventually causing
the rock to break (Figure 4).
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Deposition

Over time and during the process of
weathering, large rocks are broken down
into smaller rocks, which are broken
down into sediment. The sediment is
eroded and carried by wind and water to
an area where it accumulates in layers.
Over time, many different layers of
sediment from the different forms of
weathering are built on top of each other.
This process is called deposition.
Gradually, the sediment becomes buried

deposition the
process whereby

. Figure 4 Biological weathering can be caused by sediment from
under many layers, re-forming as plant roots. different forms
sedimentary rock. of weathering

accumulates in layers

Heat and pressure

As more layers form on top of the sedimentary
rock, it is put under pressure from the heavy
top layers. Over time, the layers sink deeper,
putting even more pressure on the deep layers.
This can cause the rocks to heat up. Increased
temperature and pressure cause physical and
chemical changes in the rock, transforming

it into metamorphic rock. If the temperature
continues to rise, the rock will melt, turning it
into its liquid form, magma.

Magma is also put under great pressure,
causing it to seek any available space.
Gradually it makes its way to the surface where
it can cool as igneous rock. Over time, the rock
is uplifted and exposed to wind and water. The Figure 5 The rock cycle can lead to rocks
cycle continues. being smoothed by wind and water.
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Check your learning 2.9

Check your learning 2.9

Comprehend
1 Describe how tors are formed.
2 Describe the process of frost shattering.

3 Describe the different stages in the rock
cycle. Use the rock cycle diagram in Figure 1
to assist you.

Analyse

4 Use a table to compare (the similarities and
differences between) physical, biological and
chemical weathering.

5 Contrast (the differences between)
weathering and erosion.

Apply

6 Create a story about the “life of a rock”.
Rocks change with time, as do humans.
However, unlike humans, rocks are never
truly “born”, nor do they “die” — they can

Lesson 2.10

move through the rock cycle, covering the
same stage many times in many different
ways. Describe the life that your rock
experiences. Remember to include the length
of time that each step of the process takes.

Skills builder: Planning investigations

7 A student was asked to write a report

during a double period about the effect

of weathering on landforms in New

South Wales.

a Propose the type of information the
student should collect to complete the
report on time. (THINK: Should the
student design their own experiment to
collect first-hand data? Or should they
collect data using secondary sources
online and in the library?)

b Justify your choice.

Challenge: Modelling the rock cycle

Aim

To model the rock cycle

What you need:

e Crayons (3 different colours)
e Pencil sharpener
* 2 wooden blocks

94 Oxford Science 8 Victorian Curriculum

2 sheets of aluminium foil
Large clamp

Beaker

Tripod

Bunsen burner or microwave
Heatproof mat

Gauze mat

Matches

Stirring rod

Oxford University Press
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What to do:

1 Remove the paper from the crayons.

2 Shave the crayons into small piles using
a pencil sharpener. Keep each colour in a
separate pile.

3 Cover one wooden block with
aluminium foil.

4 Sprinkle a layer of crayon shavings over the
aluminium foil to form the first layer.

5 Repeat step 4 for each colour, sprinkling one
colour at a time to create distinct layers.

6 Cover the layers of crayon shavings with
another sheet of aluminium foil.

7 Place the second wooden block on top of the
foil and press down with as much pressure
as possible.

8 Remove the top wooden block and the
aluminium foil. Examine the compacted
crayon shavings, observing the form
and texture.

9 Place the crayon shavings between the
aluminium foil and wooden blocks again.

10 Use a large clamp to hold the wooden
blocks together. Tighten the clamp as much
as possible.

11 Remove the clamp, top wooden block and
aluminium foil. Examine the compacted
crayon shavings, observing the form
and texture.

12 Place the compacted crayon shavings into
the beaker. If you are using a microwave to
heat the compacted crayon shavings, move
ahead to step 15.

13 Place the tripod and the Bunsen burner on
the heatproof mat. Place the gauze mat and
then the beaker on top of the tripod.

14 Safely light the Bunsen burner and move
it under the tripod on the heatproof mat.
Close the collar on the Bunsen burner to
produce a yellow (safety) flame.

15 Heat the compacted crayon shavings,
stirring occasionally until all lumps are
removed, and the mixture is smooth.

Oxford University Press

16 Allow the melted crayon mixture to cool in
the beaker.

17 Examine the cooled crayon sample,

observing its form and texture.

Glass rod

Beaker

Shaved crayons

Gauze mat

Tripod

Bunsen burner

J [ 1

u
Figure 1 Experiment set-up

Questions

1 Describe the type of weathering
(mechanical or chemical) that took place
at step 2.
2 Identify the term used to describe the
movement of the sediment pile of crayon
shavings onto the aluminium foil at step 4.
Identify the type of rock formed in step 8.
Identify the type of rock formed in step 11.
Identify the type of rock formed in step 17.

AN »n bW

Compare (the similarities and differences
between) the three forms of rock you created.
7 Describe one way this rock model did not
represent what occurs in the real world. This
is referred to as the limitation of the model.

Figure 2 Colourful crayons
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Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.
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Lesson 2.11
Weathering and erosion can

be prevented

Key ideas
— Humans can affect weathering and erosion.
— Understanding how weathering and erosion occurs allows us to prevent it.

— Engineers design solutions to prevent or reduce the impact of erosion.

Introduction

Humans are very good at changing
their environment to suit their needs.
However, this has changed the rate

of rock weathering and erosion. This
has resulted in flooding and poor food
production. Soil erosion engineers are

helping to solve this problem. ‘
ping p Figure 1 Footpaths, roads and roofs affect how water
moves around the land.

Preventing erosion

The population of Australia has been steadily increasing for many years and as a result
we have needed to build more houses and grow more food (Figure 2). Building houses
means building roads and footpaths around the houses. Instead of trees and grasses
lining a riverbank, footpaths and roads can be built right up to the edge of the water flow.
The roots of plants interlace with other roots and the soil, helping the soil resist the
movement of wind and rain. If plants are removed, then the topsoil will erode.

Population in Australia (millions)
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Figure 2 Australia’s population has increased dramatically since the beginning of the twentieth century.
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