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Introducing Oxford Science Stage 4 NSW
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Congratulations on choosing Oxford Science Stage 4 NSW Curriculum as part of

your studies this year!

Oxford Science Stage 4 NSW Curriculum has been purpose-written to meet the requirements
of the Science 7-10 Syllabus (2023). 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!
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Find out more

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

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Oxford Science Stage 4 NSW Curriculum” in the "About this course” menu.
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® Key features of @«osisfelellefir=IRs

Oxford Digital has been
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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.

Lesson 5.1 e L

Living organisms have
Common characteristics

Introduction

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.

x Oxford Science Stage 4 NSW 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 02/09/2025 under licence.

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
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 5.3 Classification
keys are visual tools

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

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Oxford Science Stage 4 NSW Curriculum” in the “About this course” menu.

Oxford University Press Key features of Oxford Digital  xi

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



Melinda
Mestre
Author

Melinda is currently the Head

of Science in the independent
school's sector. She has a Master

of Educational Leadership (with
Excellence) and holds degrees in
science, chemistry and education.
Melinda is also employed by various
educational organisations and
universities in a variety of roles
including a unit convenor and
sessional academic, teaching units
relating to secondary education and
science. Melinda sits on the Science
Professional Learning Advisory
Committee with the AlS, presenting
at various science workshops
throughout the last several years.
Melinda is a passionate educator
who is driven by supporting teachers
in their understanding of how to
teach science to promote student
academic growth.

(

Meet the authors & reviewers

Lily
Okati
Author

Lily Okati has over a decade of
experience teaching science, physics,
and chemistry across Stages 4-6.
She holds a Bachelor of Science, a
Master of Physical Chemistry and

a Master of Education. In addition
to her classroom teaching, she has
contributed to the development of
physics trial examination papers
for the Catholic Secondary Schools
Association. Her professional
interests lie in curriculum
development and fostering deep
scientific understanding among
secondary students.

.'.\\

I

y ‘l:;_ 'S
& :

Timothy
Sloane
Author

Timothy Sloane is the Head Teacher
of Science at Concord High School,
with over 20 years of experience
teaching HSC biology in NSW schools.
Before teaching, he was a published
research scientist in cardiovascular
disease. He holds a Master of
Education, focusing on ICT in

science education to boost student
engagement.

His profile within the science
teaching community and expert
knowledge of assessment, curriculum
content and best practice delivery
of that content has led to multiple
high-profile leadership and resource
development opportunities within
the profession. He has presented
at numerous conferences and
workshops, including HSC Meet
the Markers, the BEEST conference
and the Centre for Professional
Learning, where he has shared his
expertise in syllabus programming,
and the development of Stage 4
and 5 student research projects,
and Stage 6 depth studies and
associated marking criteria. Timothy
has a keen interest in improving
students’ scientific literacy, focused
on the use of A.L.ARM (A Learning
and Responding Matrix) to enhance
students’ writing.

Additionally, he has conducted
HSC student study workshops at
UNSW, USYD and local community
libraries, demonstrating his
commitment to enhancing
student learning and professional
development in education.



Mora
Soliman
Author

Mora completed a Bachelor of
Technology in Biotechnology as her
undergraduate degree and was a
microbiologist before completing

a Graduate Diploma in Education
and starting her teaching career

in 2003. She completed a Master

of Education Leadership in School
Education in 2013 and has been
working in independent and Catholic
schools in NSW over the last 20
years. She is currently Head of
Science at St Vincents College in
Ashfield and has taught, chemistry,
biology and physics for both the old
syllabus and current syllabus. She

is currently teaching chemistry and
Science Extension. She has been a
committee member and presenter
for Association of Independent
Schools and Science Teachers
Association NSW. She has also been
on exam committees for chemistry
and Science Extension and has
been a senior HSC marker for both
chemistry and Science Extension.
She worked with Oxford University
Press on the Skills and Activity Book
for the previous edition and is an
author of the Data Science modules
in this new edition.

Helen
Silvester
Author

Helen Silvester is a neuroscientist

by training and an experienced
science educator with a passion for
fostering scientific understanding.
With over 20 years of experience in
education, she has taught science

to students ranging in age from 3

to 18 years. Helen is dedicated to
science communication in all its
forms, including teaching, presenting,
curriculum design and textbook
writing. She draws on her extensive
experience and current research

to develop innovative curriculum
resources for both students and
educators. Helen currently serves as
the Learning Area Manager (Science)
at the Australian Academy of Science,
where she leads the development of
the Primary Connections and Science
Connections resources

Jarrah Cain

First Nations
reviewer

Jarrah is a proud Aboriginal woman
who descends from the Gomeroi
and Darkinyung nations. She is
passionate about science and
believes that through a culturally
inclusive environment, we can learn
best practices in environmental
sustainability and management.
Jarrah is a teacher inspired by her
culture and connection to Country.
She strongly believes that through
sharing, advocating and leading
Aboriginal education, we can make
a difference and pave a path to a
reconciled Australia. Jarrah is the
recipient of the Deadly Science STEM
Teacher Award for 2024 and is a role
model for other Aboriginal women
and girls who want to embrace a
career in education and science.




Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

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 hypotheses and
conduct investigations to test their ideas. Scientists gather
information and organise it into charts or graphs to look

for patterns and check for mistakes. They use evidence to o !
support their conclusions and to explain their findingsina ~ # \\ S
way that is easy for others to understand. This process is 5

known as the scientific method.
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Learning intentions
and success criteria

observation the
process of using our
senses to gather
information about
the world around us

quantitative
numerical
information that
can be measured

qualitative
descriptive and
non-numerical
information

Lesson 1.1

Observing

Key ideas

— Good scientists need to be observant and notice things around them.
— Quantitative observations usually contain numbers with units.
— Qualitative observations contain words and descriptions.

— Scientists use observations to infer (explain) what is happening.

Making observations

In science, observation is the process of using our senses to gather information
about the world around us. The skill of observation usually requires us to notice small
differences. Figure 1 shows two scenes. There are 10 differences between the two.

Can you find them all?

Quantitative and qualitative observations

Observations are critical in the scientific method as they help formulate hypotheses,
develop experiments and draw conclusions. Accurate and detailed observations lead
to a better understanding of scientific concepts and phenomena, enabling scientists
to build knowledge and make informed decisions based on evidence. Observations
can be classified into two main types: quantitative

Figure 1 Use your observation skills to identify the differences

between the two pictures.

4 Oxford Science Stage 4 NSW Curriculum

and qualitative.

Quantitative observations involve numbers, such
as measurements, representing data that can be
quantified. They are typically written using numbers
accompanied by units that describe the size of
what is being measured. Examples of quantitative
observations include measurements of length
(e.g. 10 m), volume (e.g. 10 L), mass (e.g. 100 g),

temperature (e.g. 10°C) and time (30 s).

Qualitative observations involve descriptive
data that cannot be measured and use words to
characterise attributes. They rely on the five main
sense organs of the human body: sight, hearing,
smell, taste and touch. For example, noting the colour,
texture, smell or behaviour of an object or organism
qualifies as a qualitative observation. Terms like
rough, sour and yellow are qualitative observations.
An example would be describing a solution as clear

and colourless.

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

The secret to being observant is to use your
senses. The activities in this lesson will
make you more aware of your senses. In
some activities you will need a blindfold. It
is best to use safety glasses that have been
painted black or covered with dark paper.
You will not use your senses of taste or smell
as it is unsafe to eat or inhale substances in
a laboratory setting. If smelling is necessary,
the special technique of wafting must be
used, which involves gently waving your
hand to bring the scent towards your nose. Figure 2 A qualitative observation would be that this substance is dark yellow.

) /,' »»_;.,

\

A
-
\ —— '

Figure 3 Test your sense of smell. Your Figure 4 Test your sense of touch. Wearing Figure 5 Test your sense of hearing. Sit
teacher will provide you with some test tubes your blindfold, feel some common objects. at your desk and put on your blindfold. As
(wrapped in paper) lined up in a test-tube They may be fruit, fabric, sandpaper, plastic your partner taps on the desk or clicks their
rack. Gently smell each one by wafting the or something else. Describe each of them and  fingers, point to where you think the noise is
smell towards your nose with your hand. See try to recognise each substance by touch. coming from. How good are you at finding
if you can name the smell. the direction of a sound?

Based on your responses to Figure 3, Figure 4 and Figure 5, answer the
following questions.

*  Which is your strongest sense, and which is your weakest?

e Did you discover anything surprising while responding to these figures? If so,
what was it?

* What is one thing that you have learnt about your sense of smell, touch, sight and
hearing? Write this in your workbook.

Caution

Never smell things in a test tube unless your teacher specifically instructs you that it
is safe.

Oxford University Press Module 1 Working scientifically 5
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inference a likely
explanation of an
observation

Inferences

Scientists need to be skilled at inference as well as observation. An inference is
a likely explanation of an observation. It is how you explain your observation. An
inference does not necessarily guarantee that something is true, but it is likely to
be true.

Table 1 contains examples of observations, paired with possible inferences.

Table 1 Some sample observations and inferences

Observation Inference
Your house smells like cooked onions when you You are probably having cooked onions with
get home from school. dinner.
A fabric feels like satin. The fabric is either satin or something that feels

very much like satin.

You see a person running down the street. The person is either running away from
something or running towards something.

You hear a house alarm ringing. Someone has entered the house.

Lemon juice tastes sour. Lemons contain an acid.

Using scientific equipment to make
gquantitative observations

Old ways of measuring

For thousands of years, distances were measured by comparing them to parts of
the human body (Table 2). The height of a horse, for instance, is still measured
in hands.

Using human body parts for basic measurements caused confusion and arguments
because everyone’s body size is different. There were so many different systems being
used to measure things that people were often cheated, such as when buying goods
by weight.

Table 2 Measurements used in ancient civilisations

Old unit Civilisation Estimated equivalent today

(cm)

Royal foot Ancient Egypt 25.4

Royal cubit Ancient Egypt 52.4

Finger Ancient Mesopotamia 1.9

Palm Ancient Mesopotamia 7.5

Fathom Ancient Mesopotamia 180.0

Knuckle Ancient Greece 3.9

Lick Ancient Greece 15.4

6 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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Measurement and units

In 1790, the then king of France, Louis XVI, decided that in his country, at least, a

uniform system should be established. This was ultimately called the metric system.
The idea of having standard units for measurement soon spread, so all types of
measurement were included. The metric system is now used by scientists worldwide.
A measurement of 2.45 m must be the same in Sydney, Australia, as it is in New York,
USA. A temperature of 37°C is just as hot in Kolkata, India, as it is in Penrith, NSW.

metric system a
decimal system of
measurement; uses
metres, kilograms,
litres and so on

units standard
measurements

Scientists often check each other’s work by repeating experiments to see if they
get the same results. To do this, they need to use measurements that are consistent
with the original experiment. By using a standard system of measurement,
scientists everywhere can understand and build on each other’s work. Five kinds
of measurement are important when you are exploring science: volume, mass,

temperature, time and length.

Figure 6 Length Measurements of length
can be shown using a unit called metres,
with the symbol “m”. For long distances,
kilometres (km) are used. For short
distances, centimetres (cm) or millimetres
(mm) can be used. In school science, the
devices we use to measure length and
distance are the trundle wheel (pictured),
metre rule and tape measure.

Figure 9 Temperature This is usually
measured using a thermometer. Some
thermometers have a digital scale.
Measurements of temperature have the unit
called degrees Celsius. Its symbol is “°C”.

Oxford University Press

Figure 7 Mass This measures the amount
of matter or substance in an object. Mass

is measured in units called grams (g),
kilograms (kg) and tonnes (t). Smaller
masses are measured in milligrams (mg).
Mass-measuring devices are called scales or
balances. You will use an electronic balance
to measure mass.

-

Figure 8 Time A watch or clock set to the
correct time tells you the time of day. A
stopwatch measures how much time has
passed. In your experiments, measurements
of time will often have the unit called seconds

OX

Figure 10 Volume This measures how much space something takes up. Measurements of
liquid volumes can be shown with units called litres (L) or millilitres (mL). In science, beakers
and measuring cylinders are used to measure the volume of liquids. Some beakers have a
measuring scale on them, but measuring cylinders are more accurate than beakers. Scientists
usually prefer to use measuring cylinders to measure volume. Liquids cling to the sides of
containers, forming a slightly curved surface. This is called a meniscus. The diagram shows
how to read a meniscus. Measurements of the volume of solid objects have units such as cubic

centimetres (cm?).

This work must not be reproduced, stored, transmitted or circulated in any other form.
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Check your learning 1.1

Check your learning 1.1

Retrieve

1

Distinguish between an observation and an
inference. Use an example to support your
answer.

Contrast quantitative observations and
qualitative observations.

List some of the things you have measured
today. Think carefully — you have probably
measured more things than you realise. Try
to list at least five things.

Identify which tools you would use to
measure the following things.

Distance around a cricket ground
Time it takes a sprinter to run 100 m
Mass of a carrot

Volume of water in a fish tank
Volume of a square block

I I = PR e B i

Temperature of a swimming pool
g 'Thickness of your favourite book

Comprehend

5 Explain why using body parts as a measuring

tool might cause problems for scientists.

6 Examine Figure 11.

a Draw up a table with two columns: one
for “Observation” and the other for
“Inference”.

b Write six observations of the crime scene
in the “Observation” column.

¢ Write down three inferences you can make
from your observations in the “Inference”
column.

d Use your inferences to describe what
could have happened before you started
observing the scene.

Analyse

7 Classify which of the following are

observations and which are inferences.

a You smell a strong odour from a garbage
bin.

b Coffee stays hotter if you add the milk
before the hot water.

¢ I measured the temperature today at 37°C.

d It is so hot that the temperature must be
37°C.

e 'There is a person in a Santa suit. [t must
be Christmas.

f 'This soup is so hot that it hurts my teeth.

Figure 11 Drawing of a crime scene

8 Oxford Science Stage 4 NSW 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 02/09/2025 under licence.

Lesson 1.2
Measuring quantities

Key ideas
— Scientists use equipment to measure their results.
— Scientists need to compare their measurements with one another.

— The standard metric system is used by scientists around the world to measure distance
(metres), volume (litres) and mass (grams).

Introduction

Measuring quantities correctly is an important science skill, as it enables us to
quantify observations, analyse relationships, and ensure accuracy and consistency
in experiments. Whether determining the mass of a substance, the volume or
temperature of a liquid, or the length of an object, precise measurements are essential
for comparing results, verifying hypotheses and drawing reliable conclusions.

Recording measurements

All measurements have two parts: a number and a unit, represented as a symbol
('Table 1). For example, 5 metres is written as “5 m”. Notice that the symbol “m”
does not have an “s” after it, even though it stands for “metres”. This is so that it does
not become confused with milliseconds.

Measurements are usually recorded in a table or graph so that they can be easily
read, compared or used for further calculations.

Table 1 Some metric units of measurement

Measurement Unit Symbol Instrument used

distance or length kilometre km trundle wheel

metre m metre ruler

centimetre cm tape measure or ruler

millimetre mm tape measure or ruler
volume litre L beaker

millilitre mL measuring cylinder
mass tonne t weighbridge

kilogram kg beam balance

gram g spring balance

milligram mg electronic scales
time hour h clock

minute min stopwatch

second s stopwatch
temperature degrees Celsius °C thermometer

Oxford University Press
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Learning intentions
and success criteria

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

Figure 1
Stopwatches
are used to

measure
minutes and
seconds.
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Converting units of length
To compare two measurements, their units must be the same. It is difficult to
compare 10,000 m with 13 km — which is longer? Comparing 10 km with 13 km is
easier. The metric system works in powers of 10, so we can convert using a formula
(Table 1). Worked example 1.2A and Worked example 1.2B show how to convert
between units.
1 kilometre = 1,000 metres
1 metre = 100 centimetres
1 centimetre = 10 millimetres
e To change a larger unit (such as kilometres) into a smaller unit (such as metres),
you need to multiply.
e To change a smaller unit (such as millimetres) into a larger unit (such as
centimetres), you need to divide.

Table 2 Converting units

Change from Change to Conversion
km m x 1,000
m cm X 100
cm mm x 10
m km + 1,000
cm m + 100
mm cm + 10

Worked example 1.2A Comparing measurements that use different units

Two scientists measured the height of two trees. The first tree was 150 m tall,
while the second tree was 12,000 cm tall. Identify which tree is the tallest.

Solution

I T S I T

Convert one of the measurements of the The first tree is given in metres and will
trees so they both have the same units. need to be converted into centimetres.

1 m = 100 cm (multiply by 100)
150 m = 150 x 100 = 15,000 cm

b. Compare the two measurements. The first tree is 15,000 cm while the
second tree is 12,000 cm. 15,000 cm is
longer than 12,000 cm.

C. Answer the question. Therefore, the 150 m tree is taller than
the 12,000 cm tree.

10 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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Worked example 1.2B Converting between units

A scientist wanted to send a 295-cm-long metal pipe to a laboratory in England.
Should they choose a 2.5 m or a 3.0 m postage cylinder for their pipe?

Solution
m What to do Working out
Convert the measurement of the metal 100 cm = 1.0 m (divide by 100)
pipe so it has the same units as the 205cm=2.95m
postage cylinders.
b. Compare the size of the metal pipe The pipe is 2.95 m, which is longer than
against the postage cylinders. 2.5 m and shorter than 3.0 m.
C. Answer the question. Therefore, the 3.0 m postage cylinder

should be used as it will fit the pipe; the
2.5 m cylinder is too short.

Measuring accurately

Accurate measurement in science is important so that your results are a true record of
your experiment. Comparing measurements with other scientists is useful only if your
results are accurate.

You can do several things to improve your accuracy in the science laboratory.
Always take your time when measuring and make sure you write down the result
straight away. When reading a scale, line up your eye directly in front of the object
and the scale. Looking from above or from the side can produce different readings.

This is called parallax error (Figure 2). parallax error an
error, or inaccurate

reading, that occurs
as a result of reading
ascale froman angle

) ¢ With parallax error
% No parallax error

- > With parallax error

Figure 2 Parallax error occurs when you read a scale
from an angle.
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Check your learning 1.2

Check your learning 1.2

Retrieve

1

Identify the equipment and standard unit
used for measuring each of the following in
scientific experiments.

¢ Temperature

d Length

a Mass
b Volume

Comprehend

2

Explain why scientists convert measurements
into the same units for comparison.

Explain the importance of recording

both the measurement and the unit

during experiments.

Provide an example to explain that errors in
measurement are sometimes unavoidable.

Lesson 1.3
Skills lab: Measuring length, mass,
temperature and volume

Aim
To make a series of observations and

measurements of length, mass, temperature
and volume to determine which drinks contain

the most sugar

Materials

A variety of soft drinks
Flavoured milk

12 Oxford Science Stage 4 NSW Curriculum

Analyse

5 Compare the fat content per 100 g for
each snack and determine which has the
highest fat content per 100 g. Show your
calculations. Three snacks, Snack X,
Snack Y and Snack Z, have the following
nutritional information:
— Snack X: 10 g of fat per 250 g serving
— Snack Y: 8 g of fat per 150 g serving
— Snack Z: 15 g of fat per 300 g serving.

Apply

6 Convert one kilometre into metres,
centimetres and millimetres. Show
your working.

7 Convert two tonnes into kilograms and
grams. Show your working.

8 Explain why you may prefer to walk
14,900 cm instead of 3 km.

e Fruit juices
* Bottled water
* Sugar
* Scales
Measuring cylinder
* Beakers
e Thermometer
e Small spoon
e Ruler or tape measure

Oxford University Press
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Measure dimensions of container

5 Use a ruler or tape measure to measure the

Method

1 On the side of each drink container, you will

find a nutrition panel showing the volume
of one standard serve and the amount of

sugar in each serve. An example is shown in

dimensions of each drink container. Record
the length measurements.

Record data

Figure 1.
6 Create a table to record the name of each
jon drink, the sugar content per serve, the
| qawe volume of each serve, the temperature of
each drink, the dimensions of each container
sy and the number of serves of drink that were
o e in each container (Table 1).
.,a‘“o“‘é‘
g W
ot ks .
mmw Questions
{-\b‘e X . .
1 Identify the drink that had the most sugar in
(,“\oe\“* gt a single serve.
‘.W\.w ¢m\n..,?ﬂ‘ 2 Identify the drink container that had the
largest volume.
Figure 1 A nutrition panel
3 Identify the drink that had the most serves

Measure mass of sugar in a single container.

2 Place a beaker on the scales and press the 4 Identify the drink that had the most sugar in
“TARE” button that returns the numbers a whole container.
to zero. Add sugar to each beaker until it 5 Suggest a situation where knowing the
reaches the mass of sugar in one serve of temperature of a liquid would be important.
drink (as shown by the nutrition panel). 6 Identify a type of drink that had an

unexpected amount of sugar content and

Measure volume of |IqUId explain why you were surprised.

3 Add water to another beaker to carefully 7 Compare the sugar content per 100 mL of
measure the volume of a single serve of each drink. Which drink has a higher sugar
the drink. concentration? Show your calculations.

Two drinks, Drink A and Drink B, have the

Measure temperature of liquid following nutritional information:

4 Use a thermometer to measure the — Drink A: 10 g of sugar per
temperature of each drink and record 250 mL serving
the reading. — Drink B: 15 g of sugar per

300 mL serving.
Table 1 Example table
Drink name Sugar content Volume Temperature Dimensions of Number of
(g/serve) (mL/serve) (°Q) container serves per
h x dx w (cm) container

Oxford University Press
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Lesson 1.4
Questioning and predicting

@ Key ideas

Learning intentions — Two things are correlated when they both change in a related way.

and success criteria .
— Correlation of data does not mean one event causes another event.
— Causation occurs when the independent variable is responsible for the change in the
dependent variable.

Scientists ask questions

Many scientific discoveries start with one person who is curious about something.
Our world would be a very different place without people wondering, “How

does this work?” or “Why is this so?” All scientists share this curiosity about the
world they live in. They use all their senses to observe small changes and try to
explain why these changes occur by asking what caused them. Scientists develop
specific, testable questions that can be investigated through observation or valid

experiment an scientific experiments.
investigation used to
solve a problem or

find an answer to a e it is specific
question

A scientific question is considered testable if:

e it can be measured

e itis not based on opinion

e you can design an experiment to test the question and determine an answer.
Consider the following questions and discuss as a class which, if any, could be

considered a testable scientific question.

¢ What is the meaning of life?

¢ What is the best brand of toothpaste?

¢ Do toothpastes with more hydrogen peroxide whiten teeth more than those with
less hydrogen peroxide?

Correlation of data

If an experiment is not valid, it may yield misleading results. For example, a scientist
might observe that there are a larger number of shark attacks in summer than in winter.
They may also notice that the number of ice creams sold by a kiosk on the beach is
higher in summer as well. During winter, both shark attacks and ice-cream sales go
down. If this is graphed (Figure 1), it could look like the ice-cream sales caused the
shark attacks because they both go up at the same time. This is not correct as there is
another causative factor: hot weather. In hot weather, more people go swimming, so
shark attacks are more likely to occur than when the weather is cold, when few people
go into the ocean. People are also more likely to buy ice creams in summer than winter.
The hot weather is the cause of the increased shark attacks and ice-cream sales.

14 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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A scientist would describe the relationship between these variables as a
correlation, indicating that they are related but not necessarily causal (meaning
caused by something). Correlation shows that there is a relationship between the two
variables; it does not necessarily mean that one variable causes the other to change
(that is, causation). Can you think of other correlations that are not causative?

Number of ice creams sold and number of shark attacks
from November to January

18
16 -5
S
14 G j\(\ 45
@3@
&

) / / )
10 /

8 /

6 /

4 /

2

T T
November December January

Figure 1 There is a positive correlation between the
number of ice creams sold and the number of shark
attacks in summer.

When two sets of data are strongly linked (that is, as one changes, the other
changes by a similar amount), the data has a strong correlation. A positive

relationship the way
in which two or more
variables interact
where changing one
variable causes a
change in the others

correlation a
relationship between
two or more things

variable something
that can affect the
outcome or results of
an experiment

causation when the
independent variable
is responsible for
the change in the
dependent variable

correlation occurs when both values increase together, while a negative correlation
occurs when one value increases as the other decreases. This can be shown on a

graph (Figure 2).

Strong positive High positive Low positive No correlation
correlation correlation correlation
S °
® ° e ® o
° ° o ® °
o ® s ° e . o4 ©
o ° °
L o * e ® o °
] ° °
[ ] ° ° o9 o [ ]
° ° ° ° °
° °
Low negative High negative Strong negative
correlation correlation correlation
° ° o
oo %
e ® o %
° ) ° [ ] .. ()
° LA e
e 0. S .'o
o ® ® 0 S

Figure 2 Correlation of data
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reproducible an
experiment that

can be replicated by
other scientists, using
the same materials
and methods, and
produce consistent
outcomes

independent
variable avariable
(factor) that is
changed in an
experiment

dependent variable
avariablein an
experiment that may
change as a result

of changes to the
independent variable

controlled
variable avariable
that is kept constant
and unchanged
throughout an
experiment

valid

experiment where
an experiment
investigates what it
sets out to investigate

reliable consistency
of information across
difference sources or
measurement

hypothesis a
proposed explanation
for a prediction that
can be tested

prediction the
expected result of an
experiment

16 Oxford Science Stage 4 NSW Curriculum

Reproducible

To identify whether a relationship is causal or a correlation, scientists must design a
reproducible experiment. This means the experiment can be replicated by other
scientists, using the same materials and methods, and produce consistent outcomes.

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.

¢ What if the surface was smoother? Would it affect the speed a ball rolls across it?

e What if the amount of sunlight was increased? Would it affect the growth of a plant?
¢ What if the animal receives a different diet? Would it increase their response time?
e What if the level of pollution was reduced? Would more fish return to the water?

¢ What if the structure was taller? Would it be more likely to blow over?

Each of these questions explores the effect of changing an independent variable.
In a reproducible experiment, only one variable — the independent variable — should
be changed at a time to determine its effect on the dependent variable, which is the
variable being measured.

For example, in an experiment to determine if the temperature of water affects the
rate at which sugar dissolves, the temperature of the water would be the independent
variable and the time taken for the sugar to dissolve would be the dependent variable.
All other variables, such as the amount of sugar, the type of sugar and the volume
of water, must be kept constant; these are called controlled variables. These
controlled variables ensure a valid experiment has been conducted, meaning that
any observed changes in the dependent variable are due solely to changes in the
independent variable.

Each experiment should also be repeated at least three times. Conducting an
experiment only once risks random errors affecting the result. Obtaining the same
result twice may be a coincidence. If an experiment is repeated three times or more
and the same or similar results are obtained, then the results are reliable.

Developing a hypothesis and making predictions

A hypothesis and a prediction are closely related concepts. The distinction is that
the hypothesis provides the expected relationship between the independent variable
and the dependent variable and the scientific reasoning behind it, while a prediction
gives an expected, specific, testable result.

For example, for the experiment investigating the effect of temperature on the
rate of dissolving sugar, the hypothesis could be: “If the temperature (independent
variable) of the water is increased, then the sugar will dissolve more quickly
(dependent variable) because the water molecules move faster, increasing their
interaction with the sugar molecules (scientific reasoning).” The process for
converting a “what if” question into a hypothesis is shown in Figure 3.

A related prediction could be, If the temperature is increased to 80°C, then it will
take six minutes for two teaspoons of sugar to dissolve in 200 mL of water, compared
to 40°C, which would take 12 minutes.

Oxford University Press
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What if the temperature of the water was increased?

Independent variable: the variable that is Dependent variable: the variable that is
deliberately changed tested or measured at the end

IF the temperature of the water is increased, THEN the sugar will dissolve more quickly

BECAUSE the water molecules mover faster, increasing their interaction with the sugar molecules.

Proposed reasoning: the scientific reasoning for the expected outcome

Figure 3 A “what if” question can be changed into a hypothesis by removing the “what” at the start, adding
a “then” at the end of the question and a “because” to explain the related science concept.

Check your learning 1.4

Check your learning 1.4

Retrieve Apply

1 Identify the three types of variables in an 7 Discuss why it is important for experimental
experiment. methods to be checked by other scientists.

2 Outline what is meant by a valid experiment. 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.

Comprehend

3 Describe the relationship between the sets of

data shown in Figure 4. . .
& 9 A student wanted to convert their science

Relationship between age and average weight question into a hyp othesis (a p ossible

8 explanation that can be tested in a
£ 80 ¢ R reproducible test). Complete the following
Z :Z @ steps to help the student.
g ° Science question: What if a different
% 63 ° cleaning agent was used on a stained fabric?
;E 22 O Sc'ience prec‘iiction: Ifa mor.e expens‘ive
© cleaning agent is used on a stained fabric,
P60 70 80 90 100 then ...
Age (years) Science hypothesis: If a more expensive
Figure 4 A scatterplot showing the relationship between cleaning agent is used on a stained fabric,
age and average weight. then ... because ...

10 Evaluate the following scientific questions.

4 Explain why it is important for an experiment .
= oy - = Explain what makes them good or bad.

to be reproducible.
a Is crunchy peanut butter better than

5 Describe how to change a “what if” question
smooth peanut butter?

into a hypothesis. ] ]
b Isit colder on Jupiter or Saturn?

Analyse ¢ How do plants grow?
6 Identify one variable that would be difficult 11 Propose better scientific questions to replace
to control in the temperature/sugar those in question 10.

experiment example given in this lesson.
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Skills lab: Balloon rocket race

Part A

Aim
To conduct a reproducible experiment using a
balloon rocket

Materials

*  One balloon

*  One long piece of string

o Sticky tape

e One plastic straw

*  One tape measure

e Two chairs (or alternative objects to tie
off string)

Method

1 Tie one end of the string to a chair.

2 Place the other end of the string through
the straw.

3 Tie the loose end of the string to a second
support (another chair) so that the string is
pulled tight.

4 Blow up the balloon and hold the end
closed. While holding the end closed, stick
the balloon to the straw with the sticky tape,
as shown in Figure 1. (Do not tie the end of
the balloon.)

5 Ask a classmate to measure the
circumference of the balloon with the
measuring tape.

6 Release the end of the balloon so that the
straw slides along the string.

7 Measure how far the balloon rocket moves
along the string.

8 Repeat this experiment twice more with the
same balloon blown up the same amount.
You now have a reproducible test for your
balloon rocket.

Questions

1 Explain what you did to ensure your
experiment was valid.

2 Discuss the reliability of your results.

3 Describe what you could do to further
improve the reliability of the results.

Part B

Aim
To design an experiment that increases the

distance the balloon rocket travels compared to
Part A

Figure 1 A balloon rocket

18 Oxford Science Stage 4 NSW Curriculum
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Method

1

Using the balloon rocket you made in Part
A, choose one of the following questions
to investigate.

What if the balloon was blown up more?
What if the string had less friction?
What if the string had more friction?
What if the straw was shorter?

Write a hypothesis and prediction for

your inquiry.

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

Identify the dependent variable that you
will measure and observe at the end of

the experiment.

Identify three variables that you will need
to control to ensure a valid experiment.
Describe how you will control them.

Write your method as a step-by-step process.
Check your method with your teacher before
completing your experiment.

Lesson 1.6
A Bunsen burner is an essential
piece of laboratory equipment

Key ideas

8 Draw a table in which you can record
your results.

9 Repeat your test at least three times to make
sure your results are reliable.

Results

Record your results in the table. Include the
units for all measurements.

Questions
1 Compare (similarities and differences
between) the results of the method in Part A
with the results of your method.
2 Use evidence from your results to support or
refute (disagree with) your prediction by:
— describing how you changed the
independent variable
— describing how the results (dependent
variable) changed

— describing how the results support or
refute your prediction.

©

— A Bunsen burner is used to heat things in the laboratory. Learning intentions

and success criteria

— The yellow flame is called the safety flame because it is easier to see.

— The blue flame produces more heat than the yellow flame (over 1,500°C).

Using a Bunsen burner

A mixture of liquid petroleum gas (LPG) or methane and air is used to produce
a good flame for heating. The Bunsen burner has a collar that can be turned to Bunsen burner a

open or close the air hole. The position of the collar controls how much air enters the

piece of equipment
used as a heat source

burner and, therefore, how hot the flame is. If the hole is closed, less air can mix with in the laboratory

Oxford University Press
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the gas. This results in a yellow safety flame. If the collar hole is open, air mixes with
the gas, allowing a hotter blue flame to burn (Figure 2).

Match held to one “

side of top of burner
Hand below

Air hole
open

Air hole
closed

Air hole closed

Heating flame Safety flame

Figure 1 The right way to light a Bunsen burner Figure 2 Blue (heating) and yellow (safety) flames
on the Bunsen burner

When alight but not being used for heating, the Bunsen burner should be left on
the yellow (safety) flame, which is not as hot and is easy to see. The safety flame is
always used when lighting the burner.

What to do if there is a fire in the laboratory

1 Let the teacher know immediately (they will turn off the main gas tap if gas
is involved).

2 The class fire officer should take a message to the school administration as quickly
as possible.

3 If the fire is small, the teacher will use the fire extinguisher.
4 Evacuate the area in an orderly manner.
5 Check that everyone is safe.

Treating scalds and burns

1 Immediately run cold tap water on the scald or burn for at least 15 minutes. Do
not use ice or very cold water.
2 Ask another student to tell your teacher about the scald or burn.

3 Remove nearby clothing (unless it is stuck to the burnt area) and jewellery (such as
watches, rings and bracelets) because burnt areas can swell quickly.

4 Try not to touch the area if possible. Do not use any creams.
5 Seek medical attention if necessary.

Figure 3 A scalded hand Figure 4 A burnt hand
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Check your learning 1.6

Check your learning 1.6

Comprehend

1 Describe the colour of the Bunsen burner’s
safety flame.

2 Describe the colour of the Bunsen burner’s
heating flame.

3 Explain how (what you do) to get a heating
flame with your Bunsen burner.

4 Explain how you should treat a scald.

5 If you were heating a substance to check for
colour change, describe the flame that you
would use to make it easier to observe.

Lesson 1.7

6 Explain why hair should be tied back when
using a Bunsen burner.

Apply

7 A student claimed that the top part of the
Bunsen burner flame was hotter than the
bottom of the flame. Design an experiment
that will allow you to test the student’s claim.

Skills lab: Lighting and using a

Bunsen burner

Caution

¢ Remember to keep your hand below
the flame.

¢ Keep your notebook and other materials
well away from the Bunsen burner.

¢ Never sit at eye level in front of a Bunsen
burner. Stand while you are conducting
the experiment.

e 'The porcelain you heat will remain very
hot for a long time. Do not pick it up with
your fingers — use tongs. Wear safety
goggles and a lab coat.

Aim
To become familiar with using a Bunsen
burner

Oxford University Press

Materials

¢ Bunsen burner

e Heatproof mat

e Matches

e Notebook

e Coloured pencils

e Grey pencil

¢ Metal tongs

¢ Two pieces of white ceramic or porcelain
e Safety goggles

e Lab coat
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Method
1 Place the Bunsen burner on a heatproof mat. 4 Light a match and place it above the barrel,
with your hand below the flame.
E R
Figure 1 A Bunsen burner on a heatproof mat —
Figure 4 Lighting the Bunsen burner
2 Connect the rubber hosing firmly to the
gas tap. 5 Open the gas tap fully.
Figure 2 Connecting the rubber hosing to the gas tap Figure 5 Fully opening the gas tap
3 Close the air hole by turning the collar. 6 After you have fol'lowed these steps, the
Bunsen burner will have a yellow (safety)
flame.
Figure 3 Closing the Bunsen burner’s air hole
Figure 6 The yellow (safety) flame of a Bunsen burner
22 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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what happens to this piece of porcelain and

hole on the collar. draw it.
8 Write down and draw what happens to the
flame when the hole is closed, half open and QueStiOnS
fully open.
9 Close the collar so that a yellow flame 1 Describe two reasons why the yellow flame
is produced. is called the safety flame.
10 Using tongs, hold a piece of porcelain in the 2 Identify which flame is noisier: blue or
top of the yellow flame for a minute. Place yellow? Explain why this is useful to know.
the hot porcelain on the heatproof mat when 3 Identify which flame leaves a sooty, black
you have finished. Describe what happens to carbon deposit on whatever object it heats.
the porcelain and draw it. 4 Identify which flame is the “clean” flame
11 Hold the other piece of porcelain with the for heating.
tongs. Change the flame to blue and heat 5 Describe two reasons why you might use a

the porcelain for one minute by holding

blue flame for heating in an experiment.

it in the top part of the flame. Describe

Lesson 1.8
Planning investigations

©

Learning intentions
and success criteria

Key ideas

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

— Scientific experiments must be carefully planned so that they are safe.

Purpose of an investigation

Once you have formulated a scientific question or identified a problem that you wish
to investigate, the next step is to plan and design an experiment that will help you
determine the answer to your initial inquiry.

|dentify the variables

One of the most important stages of planning an investigation is having a clear
understanding of the variables and how they apply to your specific experiment.
Remember that the independent variable is the one you change in order to determine the
effect it has on the dependent variable — the one that you will be measuring. Controlled
variables must be kept constant so they do not affect the outcome of the experiment. This
ensures that the experiment is valid. Throughout your experiment, you will continually
refer back to the relationship between the independent and dependent variables.

Module 1 Working scientifically 23
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equipment

items used in the
laboratory to conduct
experiments

results the
measurements and
observations made in
an experiment; they
are often presented
in a table

laboratory a
specially designed
space for conducting
research and
experiments

apparatus
equipment placed
together for an
experiment

24 Oxford Science Stage 4 NSW Curriculum

|dentify the type of data to be collected

Once your variables have been identified, the next step is to determine the type of
data that will be collected to measure the effect the independent variable has had on
the dependent variable. This will be determined by the aim of the investigation. It is
important to plan which data to collect before starting the investigation.

Recall that qualitative data includes descriptive information, such as observations
of behaviour. For example, if you are investigating how different amounts of sunlight
affect plant growth, you might record qualitative data by noting how the leaves look,
their colour and any changes in the plant's overall health.

Quantitative data involves numbers and measurements, such as temperature or
mass. For instance, if you are measuring the effect of different fertilisers on plant
height, you would collect quantitative data by measuring the height of the plants in
centimetres each week.

|dentify the equipment needed

Prior to the methods section, a concise list of all the equipment and resources which
are needed to perform the investigation should be provided. Equipment is the name
given to the beakers, Bunsen burners, flasks, stands and other items used by scientists
to conduct experiments. Using the correct equipment ensures reliable results and the
safety of scientists. Commonly used equipment is shown in Figure 1. Some 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 school laboratory may look slightly
different because each laboratory has its own types of equipment. Some items of
equipment can be used together in an experiment. Equipment placed together for an
experiment is called an apparatus.

Filter funnel

x wew

Bunsen burner

Measuring cylinder

Conical flask

Tripod stand Stirring rod

Watch glass Thermometer

Gauze mat

ht|

Test-tube holder

Evaporating dish

Retort stand with
boss head
and clamp

Test-tube rack Metal tongs

Figure 1 Types of equipment used in the laboratory

Oxford University Press
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Outline the method

A well-written method should be clear and detailed enough that it can be repeated by
another person, yielding consistent results regardless of the time or location. It should

include a labelled drawing of any apparatus used and explicit mention of:
» the independent variable and how it will be changed

* the dependent variable and how it will be measured

* the controlled variables and how they will be kept constant

e any steps or processes that are to be repeated.

To draw the apparatus, scientists have a quick and simple way to show scientific
equipment. They use drawings called scientific diagrams (Figure 2). Using
scientific diagrams means you do not have to be an artist to be a good scientist and
you have more time to do the experiments.

The procedure for drawing scientific diagrams is as follows:

Draw clearly and neatly.

Use a sharp grey-lead pencil.

Draw the equipment from the side view.

Do not show any detail —just a simple outline with no shading.

Draw lines using a ruler.

Write labels neatly and connect them to the diagram with a line or arrow.
Spell labels correctly. Incorrect spelling makes good science look bad!

R 9 N Lt bW =

Diagrams should be between 6 cm and 10 cm high.

scientific diagram

a clear, labelled, side-
view line drawing,
usually made using a
sharp pencil

S

e L LE

Beaker Retort stand Measuring Bunsen Test-tube Stirring rods Gauze mat Evaporating
with boss head cylinder burner holder dish
and clamp
Filter Conical Tripod Test tube  Metal Spatula  Thermometer Watch glass Test-tube
funnel flask stand tongs rack

Figure 2 Scientific drawings of laboratory equipment
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risk assessment a
process to identify
potential hazards and
associated risks in
order to take safety
precautions

hazard something
that can cause harm,
like sharp tools or
chemicals

risk the chance that
a hazard will cause
harm

precaution safety
measures taken to
prevent harm, such
as wearing personal
protective equipment
(PPE)

|dentifying and
managing risks in the
science laboratory

Outline steps to manage safety risks

before, during and after an investigation.

Even when following the standard
laboratory rules (LLesson 1.7 Skills lab:
Lighting and using a Bunsen burner on
page 21), every investigation involves
some level of risk, making it essential
to identify these risks beforehand. A
risk assessment should be conducted
for each experiment, during which
hazards are identified, the associated
risks are recorded and precautions
to mitigate these risks are noted. Risks
could include physical hazards, like
using sharp tools, or environmental
factors, like weather conditions. Once
identified, you can develop strategies to
manage these risks, such as using safety
equipment (Figure 3).

Following safety guidelines is
crucial for protecting yourself and
others, and regularly reviewing and
updating risk assessments helps ensure a
safe investigation.

Check your learning 1.8

Check your learning 1.8

Retrieve

1 Describe the steps involved in creating a
scientific diagram.

Comprehend

2 Explain why it is important to identify the
purpose of an investigation before starting it.
3 Explain why planning the type of data
to collect is necessary before starting
an investigation.
4 Explain the importance of providing a

Figure 3 (A) Vulcanologists (scientists who study
volcanoes) wear heat-resistant silver suits to protect
themselves against heat, ash and molten rock. (B)
Microbiologists researching infectious diseases wear
protective clothing to ensure they do not get sick.

5 Explain how identifying risks in an

Apply

experiment can help prevent accidents.

6 Identify the independent, dependent and

clear and detailed method section for

an investigation.
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two controlled variables in an experiment,

testing the effect of time of day on a student’s

response time.

7 A student drew an image of their experiment

apparatus in their notebook (Figure 4).

a Identify three incorrect aspects of their
scientific diagram.

b Redraw the image using the correct
procedure for drawing scientific diagrams.
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Separating mixtures — evaporation

Water vapour
the gaseous form
of water ¢

e

Gauze mat
supports container and
evenly distributes heat

Tripod
platform which
supports and
holds glasswear

Figure 4 Student drawing of experiment apparatus. Spot the errors.

8 A student wanted to determine whether
different types of music affected their
pet dog’s behaviour. Identify whether the
data collected in this experiment would be
qualitative or quantitative.

9 Plan an experiment that you could perform
at home that requires qualitative data to
be collected.

a Outline a method for your experiment.

b Discuss your method with a classmate and

have them critique it based on whether
they can identify all variables and whether
they can follow the instructions without
further assistance.

10 American scientist Associate Professor
Elizabeth Tibbets had difficulty putting
marks on the wasps she was studying. When
looking closely at the wasps, however, she
realised that they all had different natural
markings to each other (Figure 5). This
encouraged her to test if the wasps could tell
one another apart.

a Propose a hypothesis that the Associate
Professor could test based on this idea.

b Design an experiment the Associate
Professor could perform to test the
hypothesis.

Oxford University Press

Evaporating dish/beaker
¥« glasswear used for evaporation
of liquids

Mixture
solution of solids and liquid

Bunsen burner
gas burner used to
heat and sterlise

Figure 5 Associate Professor Elizabeth Tibbetts noticed that the
wasps she was studying had individual markings which led her to
wonder if the wasps could tell one another apart.
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Lesson 1.9
Conducting investigations

@ Key ideas

Learning intentions — Following safety practices minimises danger by identifying risks and applying necessary
and success criteria precautions.

— Using the correct equipment and following a planned procedure improves the
reliability of investigations.

— Recording data accurately improves the quality of scientific work.

Introduction

After posing the initial research question and planning a valid investigation, the next
stage in the process is to conduct the experiment. Conducting scientific investigations
is a key skill for understanding and exploring the natural world. Successful
experiments require careful planning, adherence to safety protocols and the correct
use of equipment. Scientists follow strict safety guidelines to minimise risks, assemble
appropriate apparatus to ensure reliable results, and record observations and
measurements accurately to maintain credibility.

Work health and safety (WHS) practices

As a science student, just like every scientist, it is your responsibility to be familiar
with your laboratory and to know where the safety equipment is located, what the
warning signs mean and what to do in an emergency. Most safety is common sense —
common sense can prevent many dangerous situations.

It is also important to have an understanding of Work Health and Safety (WHS)
practices. This includes identifying potential hazards, conducting risk assessments,
using appropriate personal protective equipment (PPE), and knowing emergency
procedures to ensure a safe laboratory environment for you and your classmates.

Safety symbols

Safety symbols are used in many different settings. You may have seen the symbols in
Figure 1 on building sites, at entrances to buildings, at school or on roads.

\ A\ A A\ £
A LA A A A L A

Figure 1 What does each of these symbols mean?
28 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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Your laboratory may already have some of these symbols displayed.

Symbols are often simple drawings, although sometimes words are also used. If a
picture can show a message clearly, words may not be needed.

Laboratory safety rules

A class laboratory is not like a normal classroom. Along with risk assessments and
safety precautions for each experiment, there are additional laboratory rules that must
always be followed.

In the laboratory, do:

e wear a lab coat for practical work

* keep your workbooks and paper away from heating equipment, chemicals
and flames

* tie long hair back whenever you do an experiment

» wear safety glasses while mixing or heating substances

» tell your teacher immediately if you cut or burn yourself, break any glassware or
spill chemicals

* wash your hands after an experiment

* listen to and follow the teacher’s instructions

* wear closed-toe shoes

» wear gloves when your teacher instructs you to.

In the laboratory, don't:

e run or push others, or behave roughly

* eat anything or drink from glassware or laboratory taps

* look down into a container or point it at a neighbour when heating or
mixing chemicals

* smell gases or mixtures of chemicals directly; instead, waft them near your nose
and only when instructed

* mix chemicals at random

e put matches, paper or other substances down the sink

* carry large bottles by the neck

e enter a preparation room without your teacher’s permission.

Assembling and using appropriate equipment

After you have written up your equipment list and method, it is time to perform the
experiment. It’s best practice to collect all the appropriate equipment and resources
and take them to your workbench before commencing the experiment. Assemble the
apparatus before starting the experiment.

By having everything organised and within reach, you can minimise unnecessary
movement around the classroom which can lead to accidents or disruptions. This
will also allow you to focus on the investigation, ensuring that the experiment is
conducted effectively and that the results collected are accurate.
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accurate how close
information is to the
true value

Figure 2 Collect all necessary equipment and resources, and set up apparatus before beginning your experiment.

Follow the planned procedure

Following the planned procedure during an experiment is crucial to obtaining
reliable and accurate results. When you follow the steps exactly as written, it
ensures consistency and reduces the chance of mistakes, and helps maintain focus
on the relevant variables. By using the correct equipment and ensuring careful
measurements, you can observe the effect of the independent variable on the
dependent variable while keeping the controlled variables constant.

This approach not only minimises errors but also ensures that other students
conducting the same experiment can achieve similar results, making the investigation
repeatable and scientifically valid. This will likely produce results that can be
confidently analysed to draw meaningful conclusions.

Recording results

Accurate recording of observations and measurements is essential in any experiment,
and this is best accomplished using a table that follows certain guidelines (this will be
covered in Lesson 1.11 Processing data and information: Part B — Representing data
and information (page 37)). Setting up your results table prior to performing the
experiment will allow for better organisation of data, streamline the recording process
and enhance accuracy in measurements. Using the correct units, like centimetres for
length or grams for mass, ensures that your results are easy to understand, and your
analysis and can be easily compared between different laboratories.
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Using reliable secondary sources

An important skill in conducting an investigation is utilising a wide range of reliable
secondary sources to inform the direction of your research and provide context for
the results obtained.
Several key features characterise a reliable secondary source.
e The source is authored by an expert in the relevant field.
e The source is current, with up-to-date information that reflects the latest research
in the field.
e The source is peer-reviewed and published by a reputable publisher or
academic institution.
e The source includes citations and references to primary sources. citation a brief
e With online sources, look for websites with domains like .edu (educational ;2§: 2? 2 :;g;i:]g;i
institutions), .gov (government), or .org (non-profit organisations), as these are that indicates

generally more reliable. the source of
information, ideas, or

It is important to acknowledge the secondary sources you use correctly. This quotes
provides credit to the authors for their work and enhances the credibility of your reference a
work. While there are many different referencing styles, one of the most used in complete entryin

. . . . o areference list or
science is the APA (American Psychological Association) style. bibliography that
provides full details
about a source cited

Textbook reference format

in the text

Author(s). (Year). Title of the book: Subtitle if applicable (Edition if applicable).
Publisher.

Example

Mestre, M., Okati, L., Sloane, T., & Silvester, H. (2021). Oxford Insight Science for NSW Stage 4

Student Book (2nd ed.). Oxford University Press.
Journal article reference format
Author(s). (Year). Title of the article. Title of the journal, Volume(Issue), Page range.
https://doi.org/xxxx

Example

Geyle, H., Hoskin, C., Bower, D., Catullo, R, Clulow, S., Driessen, M., & Gillespie. (2021). Red hot

frogs: Identifying the Australian frogs most at risk of extinction. Pacific Conservation Biology, 28(3),

211-223.
Online source reference format
Author(s). (Year, Month Day). Title of the webpage. Website name URL

Example

Australian Government. (2024, October 17). Climate Change: Driving climate action, science and

innovation so we are ready for the future. https://www.dcceew.gov.au/climate-change
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Check your learning 1.9

Check your learning 1.9

Retrieve Apply
1 Identify the three safety symbols shown 8 Evaluate the effectiveness of the protective
in Figure 3. Describe the meaning of each equipment being worn by the students
symbol. in Figure 4 (by identifying the ways the
students are using the equipment safely and
A A the ways they are being unsafe). Write a list

of suggestions you could offer the students to
improve their safety.

Figure 3 Three safety symbols
2 Think about what scientists wear in
a laboratory.

a Name three items of protective clothing
you might wear in the laboratory.

b Describe what might happen if you do not
wear one of these items of clothing.
3 Identify five things you should do to remain
safe in the laboratory.

4 Identify five things you should not do in
the laboratory.

Comprehend

5 Explain why it is dangerous to drink from
laboratory glassware.

6 Explain why it is important to follow the
planned procedure in an experiment.

7 Explain how using the correct equipment
contributes to obtaining accurate results. Figure 4 Protective equipment worn by students

Lesson 1.10
Processing data and information:
Part A - Extracting data and

information

@ Key ideas

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

and success criteria . . . .
— Information can be extracted from tables, graphs and other representations to identify

trends, patterns and relationships that may exist in their results.
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Extracting information from different sources

Extracting information from different sources is a crucial skill in scientific research,
as it allows researchers to gather data and insights from a wide range of formats.

Texts such as peer-reviewed scientific articles (Figure 1A) and textbooks like
this one (Figure 1B) provide detailed written explanations and context that help the
reader to understand complex concepts, and the theories and laws that underpin
the science.

Figure 1 Scientific texts such as (A) scientific publications and (B) textbooks provide detailed written explanations.

The text will often be accompanied by visual representations such as diagrams,
flowcharts, graphs and tables, each offering different ways to present and clarify
information. These visual tools also assist with the extraction of information, making
complex data and concepts more accessible and easier to understand.

Diagrams simplify complex information and support the retention of key concepts.

For example, in Module 4 Cells (page 166), you will find diagrams of cells that
illustrate the different organelles and their function, helping to clarify how each
structure contributes to the overall operation of the cell.

Flowcharts are used to illustrate the sequence of actions or relationships in a
particular scientific context. For example, in Module 9 Ecosystems (page 388),
flowcharts are used to illustrate how energy is transferred through a food chain, from
producers to consumers to decomposers, highlighting the interconnectedness of
organisms within the ecosystem.

Ribosomes
Nucleus
Nucleolus
Rough endoplasmic
reticulum Chloroplast
Nuclear pore Golgi apparatus
Mitochondrion Vacuole
Smooth endoplasmic Cell wall

reticulum

Cell membrane

Figure 2 Scientific diagrams provide a visual representation and simplify difficult concepts.
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diagrams visual
representations
thatillustrate
concepts, processes
or relationships,
simplifying complex
information for better
understanding

flowchart adiagram
that uses shapes and
arrows to represent
the steps in a process
or the flow of
information

graph avisual
representation
showing the
relationship between
variables, using axes
to plot data points for
easy comparison and
analysis of trends and
patterns

table organised
arrangements of
datain rows and
columns, facilitating
easy access and
comparison of
specific information
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Producer

multimedia
resource a
combination of
various media
types - such as
text, images, audio
and video - used to
enhance learning
and engagement
by making complex
concepts more
accessible

database structured
collections of
electronically stored
data that allow for
efficient storage,
retrieval and analysis
of large amounts of
information

trend the general
tendency of a set of
datatomoveina
certain direction

first-hand
investigation the
direct collection

of data through
experiments or
observations
conducted by
scientists themselves

secondary

source information
collected and
interpreted by others,
such as textbooks,
articles and
documentaries

pattern when a set
of data repeatsina
predictable way

mean the average of
a set of numbers

range the difference
between the highest
and lowest numbers
inaset
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First-order consumer Second-order consumer

Grass Grasshopper Butcher bird

Figure 3 Flowcharts illustrate a sequence of events.

Multimedia resources such as interactive simulations and animations provide
engaging ways to illustrate scientific concepts and experiments. For example, an
interactive simulation of the water cycle might allow you to manipulate variables
such as temperature to see how these changes affect evaporation, condensation and
precipitation in real time. Databases are important for storing and managing large
amounts of data, which can help scientists to find the specific information they
need for their studies quickly. For example, researchers studying climate change
can use databases that include temperature records, rainfall amounts and carbon
dioxide levels, collected over many years. By searching and filtering data, scientists
can identify patterns and trends that might not be immediately obvious in smaller
data sets.

Extracting information from tables and graphs

Scientists process data from first-hand investigations and secondary sources
and can present it with tables or graphs. Tables are used to provide easy access

to specific data points, while graphs are used to illustrate and identify trends,
patterns and relationships within the data.

The table in Figure 4A can be used to quickly identify that for Sydney, the
average maximum daily temperature in January is 26°C, the average minimum daily
temperature in July is 8.1°C and the average total rainfall is 100.9 mm per month or
1,211 mm per year.

The table can also be used to determine the mean and range of the data set.

The mean, or average, is determined by adding up all the numbers in a data set and
then dividing the sum by the total number of data points. For example, the average
monthly maximum temperature is 261.1 =+ 12 = 21.8°C. The range is determined

by subtracting the lowest from the highest numbers in the data set. The maximum
monthly temperature range in Sydney is therefore 26.0 — 16.4 = 9.6°C. Can you work
out the mean and range of the monthly rainfall?

From the graph in Figure 4B we can identify a trend showing that monthly
temperatures drop between January and July and then increase between July and
January. Can you identify any trends with the rainfall data?

Given that the graph shows mean (average) data taken over many years, it reveals a
repeating pattern of average monthly rainfall. The volume increases between January
and March, then plateaus between March and June. Levels drop between June
and September before slowly increasing through to the following January. Can you
identify a pattern with the temperature data?
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Finally, the graph helps to identify a potential relationship where changes in
temperature influence rainfall distribution throughout the year.

“ Sydney long term average temperatures and rainfall.
Month Mean max Mean min Mean rainfall
®) ) (mm)
Jan 26.0 18.8 101.2
Feb 25.8 18.9 119.3
Mar 24.8 17.6 131.6
Apr 22.5 14.8 126.5
May 19.5 11.6 117.4
Jun 17.0 9.3 133.3
Jul 16.4 8.1 96.3
Aug 17.9 9.0 80.2
Sep 20.1 11.2 67.8
Oct 22.2 13.7 76.8
Nov 23.7 15.7 83.7
Dec 25.2 17.6 77.1
Annual 21.8 13.9 100.9

Sydney (Observatory Hill)

50 - 140
45 —

- 120
40 -

35 - — 100
30 - L g0
0 5 | :
20 - 60
15 - 40

10

= 20
5 —
0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—— Mean daily minimum temp. = Mean daily maximum temp. [l Mean monthly rainfall

Figure 4 (A) A table and (B) a graph showing the average monthly temperatures and rainfall in Sydney.

Check your learning 1.10

Check your learning 1.10

Retrieve Comprehend
1 Identify the advantage of using a diagram 3 Describe the steps involved in calculating the
rather than written text alone. mean and range of a data set.
2 Outline when a flowchart should be used. 4 Explain the advantage of using databases for
managing and retrieving large amounts of
data in research. >
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4 Apply Table 1 Heights of 10 students
5 The data in Table 1 shows the height of 10 students.

. Student Height (cm)

a Calculate the mean height.

. 1 148

b Calculate the range of heights.

2 155
6 The graph in Figure 5 shows the number of 3 160
bubbles produced per minute by plant X in
. 4 178
various depths of water.

a Identify the number of bubbles that were 5 158
produced by the plant per minute at a 6 162
depth of 25 metres. 7 168

b Calculate the range of bubbles produced 8 170
by the plant over the different depths. 0 150

10 161
Number of bubbles produced per minute by plant X in various
depths of water

50

45 /‘\

40 \
g 357
Ea] L AN
@ (4
B 25
e}
& 20 \\

15 \

10 -—

5
0 I I I I I I I I
5 10 15 20 25 30 35 40
Depth (m)
Figure 5 Number of bubbles produced per minute by a plant in various depths of water.
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Lesson 1.11

Processing data and information:
Part B - Representing data and
information

Key ideas @

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

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

Representing data in tables and graphs

Data tables

When recording the results of your experiments, the data you collect should be data information

neatly presented in a table. The guidelines for drawing up a table are as follows: Ltzgfigggzﬁgd’

1 Use a ruler to draw up a table with the correct number of columns. analysed for various
purposes; data can

2 Write a descriptive table heading that links the independent and be in the form of

dependent variables. measurements,
. . . . . bers, text,
3 Give each column a heading with units (what the number means). The variable ?n:;ng ezrs &
being changed (independent variable) goes in the first column, and the variable
being measured (dependent variable) goes in the columns to the right.
4 Add your data in the correct columns.
For example, in an experiment in which a student wants to investigate the time it
took for water to cool down after boiling, they performed three trials over a 25-minute
period. The table for this experiment should be set up as shown in Figure 1.
Ordering of data Table 1 The change in water temperature over time - ilkietif;(l); st}?(k))}j q
The data for the independent o .
. . Temperature (°C) <¢—————— | contain both the
variable should be organised » Time (min) independent
fr'om the lowest value to the Triall Trial2  Trial 3 Average variable and the
highest. 5 100 95 9% 9% dependent variable.
Ordering of variables W 85 77 84 82
The independent variable — 15 65 69 64 66
should be in the first column. .
Column headings
The dependent variables 20 58 59 54 57 The variable sh 0%11 dbe
shou}d be in th§ columns to 25 41 45 43 43 identified and the unit of
the right of the independent measurement included.
variable column.

Figure 1 A sample table showing the table heading, column headings with units of measurement, and data in each column.
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discrete data where
the numbers can

be separated into
different groups

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

pie chart acircular
graph used to display
data as proportional
segments of a

whole; each segment
represents a
category, and its size
corresponds to the
relative frequency or
percentage of that
category within the
total; the entire chart
represents 100% of
the data

continuous

data datathatare
measured and can be
any value

line graph a graph
used to display
continuous data that
are connected by a
line; typically used to
demonstrate trends
in data

scatter graph a
graph used to
represent continuous
data; it consists of
discrete data points

38 Oxford Science Stage 4 NSW Curriculum

Types of data: discrete and continuous data

There are two main types of quantitative data: discrete and continuous. Discrete
data is counted, not measured, and there are no values between data points, such as
the number of people in a class (you can’t have half a person). Discrete data is usually
represented in a column graph or in a pie chart, which is used to represent data as
proportions or percentages of a whole.

Continuous data can take any value within a range. It is measured rather than
counted. For example, the tallest person in the world is 251 centimetres tall; the
fastest time in the world for a 100-metre race is 9.58 seconds. Continuous data should
always be represented in a line graph or scatter graph.

Figure 2 Sultan Kosen (A) is 251 centimetres tall. Usain Bolt (B) ran 100 metres in 9.58 seconds.
Height and time are examples of continuous data.

Common features in graphs
There are several features that nearly all graphs have in common:
e a descriptive title linking the independent and dependent variables
e a grid that is used to plot the points or data
¢ the independent variable on the horizontal axis
¢ the dependent variable on the vertical axis
e units included in brackets for both the independent and dependent variables
(if appropriate).
If the data in a graph comes from a secondary source, details about the source should
be included directly underneath the graph, using an appropriate reference format.

Drawing column graphs

In a column graph, the height of each column shows the numbers that you measured.
This type of graph is good for displaying discrete data.

For example, if graphing the number of insects caught at different locations,
a scientist changes the location and counts the number of insects at each point.
Therefore, location is the independent variable and is found on the horizontal axis.
The number of insects is the dependent variable and is found on the vertical axis.
The steps for drawing a column graph are listed below.
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Step 1: Use a pencil and a ruler to draw a Step 4: Add units (what the numbers mean)
large set of axes (the horizontal and vertical lines to the axis. These units are usually metres (m),
of a graph). seconds (s) or minutes (min), but they can also be

the number (#) of things.

i 70

| 60—

= 50
'Eﬁ 40
7 5
& 30—
. 3
g 20—
10
T T T T T T T T
. . 0 T T T I E— I E—
Figure 3 Drawing a set of axes A B C D E F G H
Location
Step 2: Label each axis. The horizontal Figure 6 Adding units to the axes

(flat) axis should show the independent variable,
and the vertical (up) axis should show the
dependent variable.

Step 5: Plot your data on the graph. Rule the
lines carefully, making sure there is a gap between
the columns.

70+

I W N
(=) o o
| | |

Insects caught
w
(e}
1

Insects caught (n)

[N~}
o
|

—_
(==}
|

Location 0 T T T T T T T

. . . A B C D E F G H
Figure 4 Labelling each axis i
Location

. Figure 7 Plotting data on the column graph
Step 3: Add numbers at regular intervals

to the lines on the vertical axis, making sure you Step 6: Complete all columns and add a
can fit the largest number. If the numbers are descriptive title to show the number of insects
small, spread them out to use the whole graph. caught at different locations.
Number of insects caught at
70 different locations
60 70
o 50 60
—50 —~
2 40 & 50
- =
£ 30 % 40+
9 ]
] Q
= 20 2 30
g
10 £ 20

—_
(=)
|

0 T T T T T T T T
A B C D E F G H

Location

A B C€C D E F G H

Location

Figure 5 Adding numbers to the axes at

regular intervals Figure 8 Finishing the column graph
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Drawing line graphs

In a line graph, the relationship between two sets of data is compared.

For example, if comparing how long it took for distilled water and honey to increase in
temperature when heated, the scientist measures the dependent variable (temperature) at different
values of the independent variable (time). Therefore, time is found on the horizontal axis and
temperature is found on the vertical axis. The steps for drawing a line graph are listed below.

Step 1: Use a pencil and a ruler to draw a
large set of axes (the horizontal and vertical lines
of a graph).

Temperature

Time

Figure 9 Drawing a set of axes

Step 2: Use an appropriate scale on each axes.

Add numbers at regular intervals to the lines on
the axes, making sure you can fit the largest
number. If the numbers are small, spread them
out to use the whole graph. Add units (what the
numbers mean) to the axes.

T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
Time (min)

Figure 10 Adding numbers to axes at
regular intervals

Step 3: Plot your data on the graph. Use
small crosses rather than dots. It is easier to find
the centre of a cross than the centre of a dot.

o)
(=)
|

70 x

D

(=)
|
x

50 x
40—
30 x
20% X
10

Temperature (°C)

I I I I I I I I I I
1 2 3 4 5 6 7 8 9 10
Time (min)

Figure 11 Plotting data on the graph using

small crosses
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Step 4: Join each data point with a line to com-
plete the line graph.

T T T T T T T TT
1 2 3 4 5 6 7 8 910

Time (min)

Figure 12 Complete the line graph

Step 5: If you are plotting more than one set of
data on the one graph, then use a small circle in-
stead of a cross. Add a legend to help identify which
set of data is which.

T T T T T T T T 1T
1 2 3 4 5 6 7 8 9 10
Time (min)

—x%— Distilled water -e - Honey

Figure 13 Using small crosses and circles
when plotting more than one set of data

Step 6: Write a descriptive title at the top
of the graph.

The change in temperature of honey
and distilled water over time

T T T T T T T T 1T
1 2 3 4 5 6 7 8 9 10
Time (min)

—x%— Distilled water -e - Honey

Figure 14 Writing a descriptive title for the line graph
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Other ways of representing data

Graphs and tables are not the only ways scientists present their results. Depending on
the context, data and information can be communicated via keys, models, diagrams
and spreadsheets.

Diagrams and keys that use different colours and symbols can be combined
to provide visual representations that assist in interpreting data. For example, the
diagram in Figure 15 shows a weather forecast diagram of Australia, including an
accompanying key that explains the different colours and symbols used. In this
diagram, red lines with semicircles represent warm fronts, while blue lines with
triangles indicate cold fronts. Dotted black lines show troughs where high-pressure
and low-pressure weather systems meet, often resulting in widespread rainfall. The
map itself is also colour-coded with different shades of yellow and green, which
represent varying vegetation patterns typically associated with rainfall levels.

Key
H High-pressure centre
L Low-pressure centre
980 Isobar (air pressure in hPa)

VVV VY Cold front

Figure 15 Forecast weather map 2 o 0 o o Warm front
of Australia with a key that shows
what different colours and symbols
———————— Trough
represent.
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model asimplified Models are simplified representations of complex scientific phenomena that help
representation of . . .. . . .

complex phenomena in understanc'hng, p.redlctlng. and cqmmumcatmg how things work. Tl.ley car.l take
that are usually too many forms, including drawings, diagrams, 3D models, or computer simulations.

S;ge srbt;’fhz:zllléz :;e For example, models can provide a better understanding of a single cell or the solar
system, allowing learners to visualise and grasp intricate concepts more effectively
(Figure 16).

Figure 16 (A) A student model of the solar system showing the relative position of the different planets to the Sun. (B) A student using
secondary sources to create models of cells using modelling clay and plastic.

Finally, spreadsheets are digital tools used for organising, calculating and
analysing data in table form. They are particularly beneficial in the early stages of
processing and analysing information as they allow the user to easily enter, sort, filter
and manipulate data to create a wide range of different charts and graphs that can be
used to represent results (Figure 17).

A B c D E F G H 1 ] K L M N
Avomic number o™ Symbol A“’(f;‘;z[‘};““ Group Period St:l‘;:;t";‘: Peré;‘r‘:“:ieé’r’;‘:f%‘ in
1
2 1 Hydrogen H 1.008 1 1 Gas 0.14
3 2 Helium He 4.0026 18 1 Gas
4 3 Lithium Li 6.94 1 2 Solid
5 4 Berylium  Be 9.0122 2 2 Solid
6 5 Boron B 1081 13 2 Solid Atomic mass of first 20 elements
7 6 Carbon C 12011 14 2 Solid 0.08 4s
8 7 Nitrogen N 14.007 15 2 Gas 40
9 8 Oxygen o 15.999 16 2 Gas 16.6 g:;
10 9 Fluorine  F 18.998 17 2 Gas 0.09 e
11 10 Neon Ne 20.18 18 2| Gas i ;;
12 11 Sodium Na 22.99 1 3 Solid 2.8 § is
13 12 Magnesium Mg 24.305 2 3 Solid 21 EI 1
14 13 Aluminium Al 26.982 13 3 Solid 8.1 s Rl
15 14 Silicon Si 28.085 14 3 Solid 27.7 o - LLLN
16 15 Phosphorus K 30.974 is 3 Solid 012 HHe LiBe B C N O F NeNaMg Al S P S C Ar K Ca
17 16 Sulphur s 32.06 16 3 Solid 0.03 First 20 clements by atomic number
18 17 Chlorine Cl 35.45 17 3 Gas
19 18 Argon Ar 39.948 18 3 Gas
20 19 Potassium K 39.098 1 4 Solid 26
21 20 Calcium Ca 40.078 2 4 Solid 3.6
22
23 Percentage by weight in Earth’s crust (%)

WA b

Figure 17 Spreadsheets are useful for organising large amounts of data that can be quickly manipulated to produce different charts
and tables to represent results.
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Check your learning 1.11

Check your learning 1.11

Retrieve i The number of accidents in the science
1 Identify the two types of quantitative data laboratory during the first six months
that scientists collect. of the year
2 Recall which variable should be located on
the horizontal axis of a graph. Time Number of accidents
3 Identify the type of graph that would be used Jan 0
to show the following data: Feb 10
a the number of birds found in a particular Mar 6
area each month April 3
b a person’s height measured on their May )
birthday every year
June 1

¢ student responses to a survey to determine
their favourite subject.

Comprehend ii The number of cigarettes smoked per

) day by a pregnant woman affects the
4 Figure 18 shows a graph drawn by a student.

birth weight of her baby
Identify all the things that should be
corrected on the graph. Number of Birth weight of baby
cigarettes smoked (kg)
per day

20 0 3.5

175 -

i 10 3.1
30+ 20 2.6
20

0 30 2.2

1I0 ZIS 3IO 4IO 4I5 SIO 6IO 7IO 8I5 160
Figure 18 Graph drawn by a student iii A survey of 100 students at your school
to find out which fruit they preferred
Apply
5 For each set of data that follows:
a construct the most appropriate graph to

Type of fruit Preference
(number of students)

Apple 20

show the data
. . Banana 30

b provide an inference that can be made
from the results. Kiwi fruit 10
Mango 25
Orange 15
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Lesson 1.12

Skills lab: Heating water

Caution

* Always wear safety glasses, a lab coat and
closed-toe shoes, and tie long
hair back when using a Bunsen burner.

e Allow all hot equipment to cool
before handling.

Aim
To identify how adding sugar or salt to water
affects its boiling point

Materials

e Beaker (250 mL)
o Water

e Thermometer

* Retort stand

e Boss head
* Clamp
e Tripod

*  Gauze mat

* Heatproof mat

e Stopwatch

e Bunsen burner

e Matches

e @lass stirring rod
e Salt (optional)

e Sugar (optional)
e Teaspoon

44 Oxford Science Stage 4 NSW Curriculum

e

Thermometer Stir gently with

stirring rod

held in clamp

Figure 1 Equipment set-up

Method

1

Set up the equipment as shown in Figure 1.
Add 150 mL of water to the 250 mL beaker.
Draw a labelled scientific diagram of the
equipment in your notebook.

Draw a results table with two columns:
one for time (in minutes) and the other for
temperature (in degrees Celsius) as shown
in Table 1.

Measure the starting temperature of the
water and write it in the table. This is the
temperature at 0 minutes.

Safely light the Bunsen burner and then
open the collar to get a blue flame.

Heat the water over the Bunsen burner.
Record the temperature of the water every
minute for a total of 12 minutes.

Table 1 Results table

Time (min) Temperature (°C)

Oxford University Press
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Inquiry: What if another
substance was added to
the water?

Choose one of the inquiry questions.

e What if sugar was added to the water?

e What if salt was added to the water?
Answer the following questions about your

Test your hypothesis by repeating the
method with the independent variable
you chose.

Collect the data in a results table.

Draw an appropriate graph for your data.

Questions

Identify the type of data you have collected.

i i tion. .
nquiry qhiestion 2 Identify the type of graph you have drawn to

1 Write a hypothesis for your inquiry. display this type of data

2 Identify the independent variable that you 3

Explain how your graph supports or does
will change from the first method. P your grapii supp

not support your hypothesis.
3 Identify the dependent variable that you will 4

Describe how your experiment was a valid
measure and/or observe.

test by providing a definition of a valid test

4 List the variables you will need to control to and matching this to your method.

ensure a reasonable test. Describe how you
will control each variable.

Lesson 1.13
Analysing data and information

Key ideas @

— Science experiments are planned and analysed carefully to minimise errors. Learning intentions

A . . and success criteria
— Before claiming that a hypothesis is supported or refuted, experimental data must be

checked to identify whether it contains any errors or unexpected results.

Interpreting graphs

Line graphs are the most common graphs that are drawn in scientific reports. These
graphs are used to show the relationship between the independent variable and the
dependent variable. The shape of the graph gives a hint of how the two variables

are related.
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When the line slopes upwards, this means the dependent variable increases as the
independent variable increases (Figure 1). This is called a directly proportional
relationship. For example, if you rode a bike at a constant speed, your distance
travelled would increase at a fixed proportion to the time you spent riding.

When the line is horizontal (flat), it means the dependent variable is not affected
by the independent variable (Figure 2). For example, most adults — regardless of their
age — will sleep the same number of hours each night.

If the line is sloped down, the dependent variable decreases as the independent
variable increases (Figure 3). This is called an inversely proportional
relationship. For example, if you had to travel a fixed distance of 100 km, the time
taken to travel this distance would be inversely proportional to the speed at which
you travelled.

Occasionally, a graph is curved. These types of graphs should be divided into
sections. Section A (between 1 and 4 of Figure 4) shows a directly proportional
relationship. Section B (between 4 and 7) shows an inversely proportional
relationship. Consider the relationship between the amount of water a plant receives
(independent variable) and the plant’s growth rate (dependent variable). Initially, as
the amount of water increases, the plant's growth rate also increases because the plant
benefits from more water. After a certain point, however, too much water can become
harmful to the plant, causing its growth rate to decrease.

Figure 1 A directly Figure 2 The dependent
proportional relationship variable is not affected by
the independent variable.

0123456 738

Figure 3 An inversely Figure 4 A curved graph is divided
proportional relationship into sections to help scientists
analyse it.
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Evaluating the methods and data of an experiment

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

Sometimes when plotting data on a graph, there may be a single dot or number
that is unexpected or that does not fit with the rest of the graph (Figure 5). This
is called an anomaly or “outlier” in the data. If the anomaly is caused by an
identifiable error, removing it will ensure the data is more accurate and reliable. If the
anomaly represents natural variation, it should not be removed.

If there are significant anomalies or errors discovered within the data that cannot
be explained, an important consideration would be to revisit the methods and
carefully review them for possible bias, inconsistencies in how the experiment was
performed, or equipment malfunction. This review should ensure all conditions were

error aninaccuracy
or inconsistency in
measurement

anomaly aresult
that does not fitin
with the pattern of
data

bias leaning towards
or against an idea by
being prejudiced or

controlled correctly and the data collection process occurred as planned. If mistakes unfair
were made, the method section should be amended and the experiment repeated if
possible before proceeding.

In addition to identifying any anomalies or errors, it is important -
to compare experimental results with observations and information § 10,000 -
from other sources, including published scientific writing. This ;g 5 000 anomaly o
ensures that any conclusions made are not just based on isolated data g ’ h."-'
but are supported by a more comprehensive analysis of the science in g 0000 ‘,.,,-.J-“
the chosen field. By integrating findings from other studies, scientists % 000 ‘.,.,.‘,',-"‘
strengthen the validity of their conclusions and gain greater credibility é& 2,000 .s_.-‘\.'x‘.@.‘; " | |

for their work.

20

T
40 60 80 100

Independent variable (units)

Analysing the results

It is important to note that an error is different from a mistake.
Errors can occur for various reasons, even if you are very careful.
For example, errors can happen if the object you are measuring falls
between two markings on a scale, requiring you to estimate the exact measurement.
In such cases, it is important to use a more accurate scale or a digital device.

other data.

Another type of error can occur if scales are calibrated (set up) incorrectly. This
means that no matter what you measure, you will get a slightly inaccurate result
(Figure 6). To minimise the effect of this kind of error, it is advisable to always use
the same measuring device.

5 | .

Figure 5 A data anomaly can be identified
by a graphed data point that is away from the

)y I mminch @
S MMM | ( ENEREPELE] T
REEEELELEAELEL] A EEEPEEEREAEEER R ER LR Rmpe——"
a 110 120, 130, 140, 150 i HARDENED e -
 _
Figure 6 Callipers should always be calibrated to avoid an error.
Oxford University Press Module 1 Working scientifically 47

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



m Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Analysing the method

If errors in the results are discovered, this should lead to a review of the method to

determine if improvements can be made to enhance the quality of the data collected.
Consider the following method that a group of students used to investigate how

different types of fertilisers (organic versus synthetic) affect the growth of plants.

They were concerned that their results were influenced by factors other than the type

of fertiliser.

1 Label 10 pots as “Organic” and 10 pots as “Synthetic”.

2 Fill all pots with the same brand of potting soil.

3 DPlant one seed in each pot at varying depths (1 cm in some pots, 3 cm in others).

4 Apply the recommended amount of organic fertiliser to the “Organic” pots.

5 Apply the recommended amount of synthetic fertiliser to half the “Synthetic” pots
and double the amount to the other pots.

6 Place all pots in the same sunny location.

7 Water half of the pots in both groups with 50 mL of water every day and the other
half with 100 mL of water every two days.

8 Repeat the experiment for both groups three times.

9 Estimate the height of each plant in both groups every day for four weeks.

10 Calculate the average height of plants in both groups.
Before proceeding, discuss the following questions in groups or as a class.

1 Explain how the students addressed reliability in the experiment.

2 Identify three controlled variables used in the method.

3 Identify at least three errors in the method that would compromise the validity of
the experiment.

4 Discuss any changes you would recommend to improve the validity of
the experiment.

5 Discuss the accuracy of the measurements made. How could it be improved?

Using data to support or refute a testable hypothesis

Assuming the appropriate changes were made to the method to ensure the
experiment was valid and the results were measured accurately, consider the following
data a group of students collected. Their hypothesis stated that “Plants treated with
organic fertilisers will grow taller than plants treated with synthetic fertilisers”.

They again grew 10 plants in each group under controlled conditions and
measured the height of the plants in both groups after four weeks. The average height
of the plants is recorded in Table 1.

Table 1 Average height of plants grown with organic or synthetic fertiliser

Type of fertiliser Average height (cm)
Organic 30
Synthetic 22
48 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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Based on these results, the average height of plants treated with organic fertiliser
(30 cm) is greater than that of those treated with synthetic fertiliser (22 cm). This
data supports the testable hypothesis that organic fertilisers promote better plant
growth compared to synthetic fertilisers.

It should be noted, however, that if the hypothesis is shown to be wrong, it does
not mean the experiment has failed. 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...””

Making conclusions based on observed results and
secondary sources

Recall from Lesson 1.4 Questioning and predicting (page 14) that an inference

is an educated guess or conclusion based on observations, but it does not necessarily
imply causation. In the fertiliser experiment, a reasonable inference is that organic
fertilisers may enhance plant growth more effectively than synthetic fertilisers. This
could be due to a higher nutrient content or the presence of beneficial microorganisms
in organic fertilisers, which may improve soil health and plant development.

To strengthen these conclusions, it is essential to engage with reliable secondary
sources, such as peer-reviewed journals and reputable scientific publications. These
sources can provide additional context, support for the findings, and insights from
previous research that may help clarify the relationship between fertiliser type and
plant growth. Further investigations, including a review of existing literature and
controlled experiments, are required to determine causation and ensure the controlled
validity of the conclusions drawn. experiment an
experiment where
all the variables are
kept the same except

for the independent
variable

Figure 7 Testing the effect of different fertilisers on plant growth

Oxford University Press Module 1 Working scientifically 49

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



m Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Check your learning 1.13

Check your learning 1.13

Retrieve

1 Define the term “anomaly”.

2 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 A scientist tested how the amount of light in
a glasshouse affected the growth of wheat
plants. When they analysed their results, they
explained that these results could not be used
for all plants growing outside the glasshouse.
Discuss why the scientist put a limit on how
the results could be used.

6 A student decided to conduct an experiment
to find out whether their pet cats preferred
full-cream or low-fat milk. They gave one cat
a saucer of full-cream milk and the other cat
a saucer of low-fat milk and then left them
alone. When they returned an hour later, the
low-fat milk was gone and there was a small
amount of full-cream milk left. The student
concluded that both cats preferred low-
fat milk.

Table 2 Results of the student’s experiment

a Explain why you agree or disagree with
the student’s conclusion.

b Explain whether the student conducted a
valid test (by describing if they controlled
all other variables, if they would have
the same results if they repeated the
experiment, and if the test was fair).

¢ Identify two variables that need to be
controlled. Explain how these variables
could have affected the results.

d Describe two ways you could improve
the experiment so that the results were
more reliable.

A student is testing the effect of light

exposure on plant growth. They expose

three seedlings of the same species to three
different conditions of light: no light, four
hours of light exposure per day and seven
hours of light exposure per day for the
course of two weeks. They control for all
other conditions including pot size, soil
composition, pH, temperature and watering.

The seedling heights in centimetres were

recorded on Day 1, Day 7 and Day 14. They

hypothesised that the seedling with the
highest exposure to light would have the most
growth in cm after two weeks. The results of

their experiment are given in Table 2.

a Explain whether the results support the
student's hypothesis.

b Research a reliable secondary source to
explain why the student's hypothesis was
supported or not.

Seedling Light Day 1 seedling Day 7 seedling Day 14 seedling
number condition height (cm) height (cm) height (cm)
1 Seven hours light exposure 5.5 9.6
each day
2 Four hours light exposure 2.6 4.8
each day
3 No exposure to light 0.7 2.6
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Lesson 1.14
Problem solving

Key ideas @

— Recognising and defining a specific problem is the first step in developing a solution. Learning intentions
and success criteria

— Group work and creative thinking are often required to solve identified problems.
— Establishing clear criteria for evaluating potential solutions is necessary to compare
and contrast different strategies.

— Models are used to demonstrate and explain the relationships between causes and
their effects in various phenomena.

ldentifying problems, devising strategies and
suggesting solutions

In scientific research, it is common for problems to arise. This encourages researchers
to think critically and creatively to find solutions. Identifying these problems involves
discovering the gaps in knowledge or challenges that occur before or during an
investigation. Once these issues are recognised, researchers work to create strategies
to solve the problem and keep their research on track.

Consider an experiment investigating how different times of the day affect the
number of birds observed in your backyard. During your observations, you might
notice that on some days the number of birds is unusually low or high regardless of
the time of day. This raises a problem: what factors other than time of day might be
influencing the number of birds observed?

To address this issue, you would consider other variables such as weather
conditions, presence of predators, availability of food, or human activity in the area.
You could then design an experiment in which you systematically observe and count
the number of birds at different times — morning, afternoon and evening — over
a period of two weeks, while also recording additional factors like weather, food
availability and disturbances. By analysing the data, you would determine not only
the effect of the time of day, but also how these other factors might be influencing
bird activity.

An observed problem might also actually inspire an investigation. For example,

a group of students observed that a significant amount of food waste and plastic

wrapping was being generated from purchases made at the canteen, and this was

negatively contributing to landfill. The students proposed the following strategies to

solve the problem:

* Conduct a survey to better understand students' food preferences.

e Adjust food portion sizes to minimise food wastage.

e Introduce compostable food wrapping and establish a composting program for
organic waste, turning leftovers into nutrient-rich soil for school gardens.
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¢ Conduct an educational campaign to teach students about the environmental
impact of food waste and plastic wrapping.
To evaluate the effectiveness of the strategies, the students performed a waste audit
for one week prior and one week after implementation of the study.

Use given evaluation criteria to select optimal solutions
to problems

Some problems can have multiple solutions, making it essential to use specific criteria
to evaluate the different options. The evaluation process helps determine which
solutions will be both viable and effective.

Criteria would typically include:

» effectiveness: How well does the proposed solution solve the problem?

» feasibility: Is the solution practical?

¢ time: [s the timeframe reasonable for the implementation and collection of results?
e cost: Are there expenses involved that would prevent implementation?

¢ ethics: Does the solution align with ethical standards and values?

Consider the following problem and the proposed solutions. The urban heat
island (UHI) effect refers to the phenomenon of urban areas experiencing higher
temperatures than equivalent rural areas. This causes discomfort and leads to
increased energy consumption to remedy the heat.

Urban areas typically have more concrete, asphalt and buildings which absorb
and retain heat, unlike rural areas that largely consist of vegetation and natural
landscapes. Urbanisation often leads to the removal of trees and green spaces, which
play a critical role in cooling the environment through shade and evapotranspiration
(the process whereby water from the Earth’s surface enters the atmosphere through
evaporation and transpiration).

The Student Representative Council (SRC) observed that their school was a UHI
(Figure 1) and proposed the following solutions that first needed to be evaluated.

Figure 1 Schools are often urban heat islands.
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e Plant more trees both in the school grounds and surrounding community. This
would provide shade, improve air quality and reduce air temperatures.

e Install green roofs on school buildings. This involves adding vegetation and soil to
the roofs of school buildings to improve insulation and reduce heat absorption.

*  Promote cool-roof technology. This involves adding reflective materials to rooftops
to minimise heat absorption and lower building temperatures.

e Replace traditional asphalt with permeable pavement that absorbs water. This
reduces heat build-up and helps manage stormwater runoff.
The evaluation criteria used was based on the criteria listed above: effectiveness,

feasibility, time, cost and ethics.
After extensive research and community consultation, they summarised their

results as shown in Table 1.

Table 1 Evaluation table

Proposed solution  Effectiveness Feasibility Time Cost Ethics Overall
decision

Plant more trees + + + + + Proceed

Install green roofs + - + - + Do not proceed

Install cool-roof + + + + + Proceed

technology

Install permeable + + + - + Proceed with

pavements caution

Key:

+ = Positive evaluation (solution is viable)
- = Negative evaluation (solution may not be viable)

Based on their evaluation criteria, the following decisions were made:

1 The school would proceed with planting more trees on school grounds and in the
surrounding area, and they would install cool-roof technology.

2 They would proceed with increasing the use of permeable pavements; however,
given cost concerns, they do so with caution.

3 They would not proceed with installing green roofs on school buildings as the
costs were prohibitive and the disruption to school made the solution not feasible.
While proceeding with all options would provide a better outcome to the UHI

effect observed in the school, this approach is not viable given the evaluation criteria.

Therefore, it is more practical to proceed with some options rather than none as this

would still provide some benefit.

Modelling cause-and-effect relationships

When performing an experiment or study, models can be an important tool for
visualising and understanding complex relationships and processes that are usually
too big or too small to be seen by the naked eye. The best choice of model will depend
on the topic being covered and the concept being modelled.

For example, a physical model could be used to explain that a plant cell has a rigid
structure due to the presence of a cell wall, and the green colour of most plants is due
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chlorophyll a
green pigmentin
chloroplasts that
absorbs solar
energy, which is
used by plantsin
photosynthesis

chloroplast the
organelle in plant
cells and some
algae that perform
photosynthesis

to the presence of a green substance called chlorophyll inside tiny cellular structures
called chloroplasts.

A digital simulation of the solar system could be used to illustrate the orbits of
planets around the Sun and to explain how gravitational forces maintain the elliptical
orbit of the planets and cause tides on Earth.

In chemistry, a three-dimensional molecular model made of ball-and-stick
components could be used to demonstrate the arrangement of atoms in a molecule,
showing how different elements bond together to form compounds.

As you work your way through different units of work in science, you will be
required to study and even develop various models to demonstrate cause-and-effect
relationships, each specifically suited to its field, making abstract concepts easier to
understand (Figure 2).

Figure 2 Demonstrating cause-and-effect relationships using modelling

Check your learning 1.14

Check your learning 1.14

Apply

1 In small groups, discuss and identify a

» the lack of healthy food offered at
the canteen

problem that exists within your school » the lack of shaded areas in
community. the playground
a Propose at least three different solutions to » insufficient recycling facilities

b

the problem.

Discuss and decide on at least five criteria
that will be used to evaluate the different
solutions.

Research and evaluate each possible
solution.

Present your findings to the class.

If you’re stuck, you could consider
topics such as:

» litter in the schoolyard

54 Oxford Science Stage 4 NSW Curriculum

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

»

»

limited access to technology
no air conditioners in the classroom.

2 Research one of the following topics:
structure of an atom, differences between
animal and plant cells, flow of electricity, the
solar system or DNA.

a Identify common misconceptions about
the topic.

b Design and construct a model that will
help clarify the misconceptions.
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Lesson 1.15
Science in context: Solving the cane
toad problem in Australia

Introduction

In 1935, 101 cane toads were brought to Australia from Hawaii to eat an annoying
pest — the cane beetle — which was destroying sugar cane crops and costing Australian
sugarcane farmers a lot of money. The cane toads quickly multiplied and ate
everything in sight: rubbish, plants and Australian native animals including lizards,
fish, frogs and birds. The cane toads ate just about everything except the cane beetle.
Cane toads have been successful in Australia for several reasons. They can live in a
wide range of environments and can breed in water, no matter how small the amount
of water is. They produce very large numbers of eggs several times a season, and the
adults live for a long time. Also, many of the diseases and parasites that keep cane
toad populations under control in their native countries are not found in Australia.

Figure 1 Cane toads are found in much of northern and eastern Australia and are a threat to native Australian

animals.

Cane toads are a threat to native Australian animals. They eat a very wide range
of native animals including small vertebrates (such as birds) and invertebrates (such
as skinks). Cane toads will also eat processed food such as pet food. Because they are
toxic to most animals that try to eat them, cane toads have very few predators.
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We can learn much from the introduction of cane toads into Australia. Foxes,
rabbits and carp (a type of fish) are three other types of animals that have been
introduced into Australia and have since created problems.

When they arrived, cane toads ate everything in sight except for the cane beetle
that they were brought here to eat. Cane beetles lived halfway up the cane plant where

Figure 2 A cane beetle

the toads couldn’t reach, or in thick fields
where the toads had no reason to go.

Also, within five years, an insecticide
— a chemical that Kkills insects — became
available and the sugarcane farmers no
longer needed to rely on the cane toad to
destroy the cane beetle.

Australia is now home to more
than 200 million cane toads. A group
of people called the Kimberley Toad
Busters have joined together to get rid
of cane toads and to stop them entering
Western Australia. They have organised
outings to capture and then humanely
(kindly and without pain) kill the toads.
When cane toads feel threatened, they
release a poison from poison sacs behind
their eyes. This poison can kill almost all
animals including the saltwater crocodile
and humans.

Figure 3 In north-west Western Australia, a group called the Kimberley Toad Busters has formed to keep cane
toads out of the area.
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Test your skills and capabilities

Test your skills and capabilities 1.15

Communicating solutions to problems

Scientists will often provide advice to governments. They do this by asking questions and
working with other scientists to find answers, before writing a report with recommendations
of how governments could make data-driven policies and laws.

1

Look back in time. What are some simple questions that a scientist might have asked about
cane toads before they were brought to Australia? Try to think of at least one question that

starts with each of these words: “why”, “what”, “where” and “when”. Here is one to get
you started: “How quickly do cane toads breed?”

2 Many of your questions may be answered using your library or a trustworthy site on
the internet, such as universities or zoos. Any website that ends in .edu is an educational
institution, while a zoo or wildlife fund will end in .org. If the website address ends in
.com, then it is usually owned by a company whose primary focus is to make money.
Identify two websites that can be used to answer your questions. Write the answers to your
questions. Include the title of the website and the address at the end of your answers.
3 'The Kimberley Toad Busters want to contribute to your
report by completing some fieldwork. Special safety rules
need to be developed for fieldwork. Write a list of general Té 07 * Light off
safety rules for fieldwork. You may wish to interview or g 607 B octon
video call a field environmental biologist to ask them % 307 I
about some of these general safety rules for fieldwork. s 407 x
4 1In 2014, researchers tested a variety of cane-toad traps %’ . *
to determine which would be the best for their study of g 7 I
cane toads. They tested traps that had a light turned on § 127 1
inside the trap against a trap that had the light turned Male Female Juvenile
off. Their results are shown in Figure 4. Describe what Type
type of trap you would recommend. Use the data from Figure 4 The percentage of male, female and juvenile
the graph to support your recommendation. (young) cane toads trapped with and without lights.
5 In arecent toad-busting mission, the largest toad caught
was 14.5cm long and the smallest was 7 cm long. If the toads are such a pest, why do the
toad busters measure them?
6 Design an experiment that scientists could have conducted before cane toads were brought
to Australia. (Remember how quickly the cane toad breeds in the wild — your experiment
must be controlled.)
a Describe the aim of your experiment.
b Write a list of equipment that you would need.
¢ Write a list of questions you would ask yourself during the experiment.
d Imagine that you have conducted the experiment. Using the information on this page,
write the results of your experiment.
e Write the conclusion. Remember to look back at the aim when you write this.
7 Use the conclusion of your experiment to write a report to the Environment Minister
in 1934 (the year before cane toads were introduced), requesting that cane toads not be
introduced. Make sure you back up your argument with at least three scientific facts.
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©

Learning intentions
and success criteria

field the topic
or subject being
discussed

tenor the people
involved in the
communication and
their relationship

mode the way
information is shared;
for example, through
speaking or writing

58 Oxford Science Stage 4 NSW Curriculum

Lesson 1.16
Communicating

Key ideas
— A scientific report is where results and findings are recorded.

— 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 one another
and expand on one another’s work.

Communicating scientific findings

Effective communication is a vital skill in science. Scientists regularly share their
findings, ideas and investigations with others, and how they present this information
can greatly impact its understanding and importance.

In science communication, and most subjects for that matter, the field, tenor
and mode are essential components that shape how concepts are conveyed to an
audience. The field refers to the subject matter being discussed, which includes
topics such as ecosystems, forces and energy. The depth required depends on the
nature of the task and the audience. The tenor encompasses this relationship between
the communicator and the audience. For example, are they classmates, teachers or
parents? This is an important consideration as it will influence the formality of the
language used.

Finally, the mode relates to the way the message is delivered, including formats
such as scientific reports, oral presentations and research posters. While there are
various ways for scientists to communicate their findings, these three main modes
follow similar conventions for scientific text structure and typically include sections
such as an introduction, materials, methods, results and discussion.

Research posters and oral presentations

Oral presentations involve verbally sharing scientific findings with an audience. This
will often be accompanied by visual aids, such as a research poster or slideshow that
incorporates diagrams, models and graphical representations to visually support the
research findings and enhance audience engagement. These visual elements help to
illustrate complex concepts and make the information more accessible.

Both oral presentations and research posters usually follow a consistent format
throughout. This includes a clear structure with an introduction, materials required,
methodology, results, discussion and conclusion. Care should also be taken to ensure
font type, font size and overall theme are consistent throughout. By adhering to a
consistent format and effectively using visual aids, you will be able to communicate
your scientific findings more effectively and create a lasting impact on your audience.
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Figure 1 Modes of communicating scientifically: (A) written science report (B) oral presentation to class (C)
research poster

Scientific report

A scientific report should be written in a formal tone and avoid colloquial language.
It should also be written in the third person, where you do not refer to yourself or the
reader in your writing and avoid the use of personal pronouns (e.g. I, me, our, we,
you). For example, “the results of the experiment supported the hypothesis” rather
than “my results supported my hypothesis” or “you can see the results supported
the hypothesis”. If an experiment has been controlled to make it a valid test, then

it should not matter whether a professional scientist or your five-year-old sibling

conducted the experiment — the results will speak for themselves. When you use

personal pronouns, it is tempting to put in a lot of information that is not relevant.
A scientific report usually has the following eight sections:

1 Title, date and partners (if you are working in a group) — do not forget to write
your own name

2 Aim or question — this is what you were trying to find out or why you were doing
the experiment

3 Hypothesis — this is your initial prediction about the outcome of the experiment
and a possible explanation based on your research that will be supported or refuted
(not supported) by the experiment

4 Equipment or materials — this is a detailed list of the equipment used

5 Method - this is the steps or procedure that you use to carry out the experiment,
including diagrams of the equipment. There are two reasons 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 type of method is for a formal report. Past tense should be used
for this method.

6 Results — these are measurements and observations taken in an experiment,
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 or graphs.

7 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.

8 Conclusion - this is the answer to the aim or question. It should be clear and
reasoned and should relate very closely to the starting aim or question.

Present findings and ideas in a range of communication forms, including using
relevant scientific terms, diagrams and graphical representations that are appropriate
to the audience and purpose.
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aim the purpose of
an experiment

method a series of
steps explaining how
to do an experiment

discussion a
summary of findings,
and an 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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Check your learning 1.16

Check your learning 1.16

Retrieve

1 Define the term “hypothesis”.

2 List the eight steps used when writing a
scientific report.

Comprehend

3 Explain why a conclusion is written at the
end of an experiment.

Lesson 1.17

4 Explain why personal pronouns are not used

in scientific reports.

5 Explain why it is important that scientists

complete scientific reports.

6 Explain why using a common format for all

scientific reports might make it easier for
scientists to communicate with one another.

Skills lab: Writing a scientific report

Introduction

Now it is your turn to do an experiment and
produce your first scientific report. Read
through the following instructions before you
begin. You will be working in pairs.

* Create an outline of the scientific report,
including a table for your results, before
you begin.

e Conduct the experiment and fill in the table
of results.

* Answer the discussion questions, practising
using the third person, for example,

“the results of the experiment supported
the hypothesis” rather than “my results
supported my hypothesis”.

e Check back to the aim to remind you of
what your conclusion is answering.

*  Write a conclusion by following the
instructions in the example titled The
number of rubber bands required for a
bungy-jumping egg.

* Evaluate the design of this experiment.

60 Oxford Science Stage 4 NSW Curriculum

Experiment: The number of
rubber bands required for a

bungy-jumping egg

[The title heading sets out what you are trying
to discover. It is the “question” you are asking
and will be different for each experiment.]

Aim
To drop an egg close to the ground safely

Materials

[This is a list of what you need.]
¢ Rubber bands

e Mesh or plastic bag

¢ Raw egg or small bag of water
e Wire or paper clip

e Retort stand

¢ Boss head

e Clamp

e Metre ruler
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Method

[This gives step-by-step instructions and often

a diagram of equipment.]

1 Place the egg in the plastic or mesh bag
and seal the bag with the wire or paper
clip. Be careful to tie it tightly to prevent
the egg from slipping through and spilling
on the floor. Make a loop at the top of the
wire — this is where the rubber bands will
be attached.

2 Connect the rubber band around the wire
loop and hook it over the retort stand clamp
(as shown in Figure 1). One person will
need to hold down the retort stand to ensure
that it does not tip.

Boss head and clamp

Rubber band

Wire

(paper clip
works well) \.

Retort stand

Hold here

Mesh bag

Raw egg

Figure 1 Connecting the rubber band around the wire loop and then
hooking it over the retort stand clamp

3 Carefully hold the egg so that it is level with
the clamp and let it drop. One member of
the group may need to catch the egg on
its return up to ensure that it does not hit
the clamp.

4 Measure the distance the egg travelled from
the clamp. Be careful to avoid parallax error
for this measurement.

5 Repeat Steps 2 to 4 using additional rubber
bands connected in a chain.

Oxford University Press

Results

[Possible results: Create a table showing the
distance the egg fell for each rubber band
added, or draw a graph of the distance the egg
fell against the number of rubber bands.]

Questions

[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.]

1 Describe the difficulties you had when
measuring the distance that the egg fell.

2 Describe how your results would have
been affected if the rubber bands were
different sizes.

3 Identify one other variable that could have
affected the results. Describe how you tried
to control this variable.

4 Extend your graph so that it shows how
many rubber bands would be needed for a
two-metre drop. From this extrapolation/
extension, calculate how many rubber bands
you would need to safely drop the egg as
close to the floor as possible.

5 Explain how your results may have changed
if extra weight was added to the egg before
dropping it.

6 Explain how your results could help people
who want to bungy jump off a bridge.

7 Describe two safety recommendations
that should be made to anyone trying
this experiment.

Conclusion

[This is the answer to the question you set
out to investigate. [.ook 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.]
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Lesson 1.18

Depth studies

@ Key ideas

Learning intentions
and success criteria each.

— ldentify the five types of depth studies, and describe the key features and purposes of

— Choose a suitable type of depth study for a given scientific topic and explain why it fits
the investigation goals.

What is a depth study?

A depth study is a special science project that lets you explore a topic while learning
more about science. Different ways of completing a depth study include the creation
of a portfolio of work, either independently or in groups, to show what you have
learned and how you have used scientific skills like researching, experimenting and

analysing data.

Figure 1 When
completing a depth . . . .
sudy youmustalso  Practical investigation

select the correct
equipment to collect A practical investigation involves conducting experiments and recording what

data.

You must complete at least one depth study each year in
science during Years 7 to 10. You will have around five hours of
class time for these projects. During a depth study, you’ll use at
least two key “working scientifically” skills — for example, asking
good questions, making hypotheses and drawing conclusions.
You’ll also need to do at least one hands-on experiment over the
two years to practise real science skills.

Types of depth studies

When conducting a depth study, you have several options

to choose from. Each type allows you to explore science in
different ways, depending on what you enjoy and what fits your
project best.

happens (Figure 2). For example, you might test how different materials react to heat,

measure how fast something dissolves, or investigate how plants grow under different
conditions. You’ll design an experiment, collect data and analyse your results to see if

they match your predictions.

Practical investigations help you practise real scientific skills like making accurate

measurements, following safety rules and keeping detailed records.

In Lessons 1.8-1.13 (page 23-50), more information is provided about how to
plan, conduct and analyse data for practical investigations. Steps that you should

follow are:
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Step 1: Identify the research question

Frame a clear, testable scientific question and write a hypothesis.

Step 2: Complete background research

Gather sources such as books and websites and summarise the research.

Step 3: Plan the investigation

Identify the independent, dependent and any controlled variables.

List the materials and create the procedure.

Prepare a risk assessment and have it signed off by your teacher.

Step 4: Conduct the investigation

Follow your procedure and record all quantitative
and qualitative data (this also includes taking
photographs and recordings).

Note any changes you make during

the investigation.

Step 5: Analyse the data

Create any relevant graphs or diagrams to identify
trends or patterns in the data.

Explain what the results mean and if any errors or
limitations affected the results.

Discuss the reliability and accuracy of the results.
Discuss the validity of the method.
Suggest improvements for future investigations.

Step 6: Draw conclusions

Describe the general trend in the results.

Figure 2 Conducting an investigation is one way to collect data to
test a hypothesis.

Did the investigation support or refute the hypothesis?

Step 7: Communicate your findings

Present the findings from your investigation as a report, including any references.

Secondary-source investigation

Sometimes, doing an experiment isn’t possible — for example, if you want to
study black holes or ancient fossils. In this case, you can do a secondary-source
investigation. This means gathering information from books, scientific articles,
trusted websites and documentaries. You’ll read, watch or listen to what scientists
have already discovered and then put that information together into a report.

This type of study builds your research and critical thinking skills, helping you
identify what information is reliable and how to explain complex ideas clearly.

These are the steps you can follow when completing a secondary-source investigation.

Oxford University Press
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Step 1: Identify the research question

¢ Frame a clear and focused research question that can be addressed using
secondary sources.

e State the aim.

Step 2: Conduct initial research

¢ Use credible websites, books, scientific journals such as the CSIRO Publishing
website or other media sources to collect background information for your research
question, making a list of key terms or concepts you may need and any questions
that arise.

Step 3: Evaluate your sources

* Sources you use must be reliable and credible. Refer to Figure 1 in Lesson 15.1
Data science is an interdisciplinary field (page 600) for more information on how
to evaluate your sources.

Step 4: Organise your information

¢ Take detailed notes and highlight information that connects to your research
question. This includes any patterns or trends you observe.

Step 5: Analyse the data and information
¢ Identify any relationships and compare and contrast findings from
different sources.
¢ Determine and discuss the reliability and validity of the data and information.

Step 6: Draw conclusions

¢ Summarise the information and how it addresses the research question and
supports your conclusion.

¢ Suggest improvements for future investigations or any limitations of
the investigation.

Step 7: Communicate your findings

¢ Present your findings as a report, slideshow or multimedia presentation (as
directed by your teacher), including any references.

Research assignment

A research assignment is like writing a detailed report on a science topic that interests
you. You might explain how a technology like solar panels works, describe the causes
of climate change or explore the science behind new medicines. You’ll organise your
findings into sections, include diagrams or images and explain key points in your
own words.

These are the steps you can follow when completing a research assignment. You'll
notice that some are very similar to a secondary-source investigation.
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Step 1: Identify the research topic and question
e Frame a clear and focused research question that can be addressed.
o State the aim.

Step 2: Conduct initial research

e Use credible websites, books, scientific journals or other media sources to collect
background information for your research question, making a list of key terms,
concepts or ideas that you may need.

* Sources you use must be reliable and credible. Refer to Figure 1 in Lesson 15.1
Data science is an interdisciplinary field (page 600) for more information on how
to evaluate your sources.

Step 3: Investigate and gather data and information

* Locate and analyse specific evidence such as studies, experiments, graphs, debates
and technologies.

» Take detailed notes and record direct quotations, making sure to keep track of
all references.

Step 4: Analyse the data and information
e Identify any patterns, trends or connections between sources and evaluate the
reliability and validity of the data and information.

* Combine the data and information to present a clear analysis that addresses the
research question.

Step 5: Draw conclusions

e Summarise the information and how it addresses the research question and
supports your conclusion.

* Suggest improvements for future investigations, any limitations and future
directions for investigation.

Step 6: Communicate your findings

* Present your findings as a report, slideshow or multimedia presentation (as
directed by your teacher), including any references.

Fieldwork

Fieldwork involves going outside to study the natural world. You might collect
soil samples, observe birds, track weather patterns or measure water quality in a
nearby stream.

You’ll gather data in the field, take notes and create a report on what you found.
Fieldwork helps you understand how science applies to the real world and gives you
experience with environmental research.

These are the steps you can follow when completing fieldwork as part of
an investigation.
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Step 1: Identify the research question

¢ Frame a clear research question that can be investigated from qualitative and
quantitative data collection in the field.

e State the aim and hypothesis.

Step 2: Conduct background research

¢ Research the topic to understand the scientific concepts and context, including
factors you may encounter in the field (e.g. weather and species of plants
and animals).

¢ Record any information you may already have, based on experiences or pre-
existing knowledge.

Step 3: Plan your fieldwork investigation

e Identify the independent, dependent and any controlled variables.
e List the materials and create the procedure.

e Prepare a risk assessment and have it signed off by your teacher.

e Check if any protocols must be followed prior to visiting a site (e.g. visiting a
cultural site).

Step 4: Conduct the fieldwork

¢ Follow your procedure to collect and record qualitative and quantitative data.
¢ Record any changes to the procedure and challenges experienced, and record
photographs and sketches made.

Step 5: Analyse the data and information

¢ Create any relevant tables, graphs or diagrams to identify trends or patterns in
the data.

¢ Did the investigation support or refute the hypothesis?

¢ Discuss any factors and errors that may have impacted your data.

Step 6: Draw conclusions

e Summarise the key findings and explore how they address the research question
and how your research contributes to the understanding of the topic.
e Suggest improvements for future fieldwork and any limitations.

Step 7: Communicate your findings

¢ Present your findings as a report or presentation (as directed by your teacher),
including any references.

¢ Include diagrams, annotated photographs and maps to support and enhance
your investigation.
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Figure 3 When conducting fieldwork, you can annotate maps (which means adding notes and details) to
communicate your findings.

Presentations

After doing research or an experiment, you’ll share your findings through a speech,
slideshow or even a video.

You’ll need to explain what you learned in a way that’s interesting and easy to
understand. Presentations help build your communication and confidence skills while
letting you show what you’ve discovered in a creative way.

Make sure to include graphs, charts, table or diagrams to visually enhance your
presentation and make it more engaging.

Step 1: Understand your depth study

Research thoroughly

e Gather information from a variety of reliable sources (books, academic journals,
credible websites).

* Take notes on important concepts, facts and figures.

Identify key points

e Highlight the main findings or arguments you want to present.
e Create a list of three to five key points that summarise your research.

Contextualise your finding

* Consider the implications of your findings. How do they fit into the larger picture
of the subject area?

e Think about how your research can contribute to ongoing discussions or debates
in the field.
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Step 2: Plan your presentation structure

Create an outline

¢ Organise your key points into a structured outline with headings for each section
(Introduction, Body, Conclusion).
¢ Determine how much time you will allocate to each section.

Detail each section:

Introduction

e Introduce the topic and provide a brief overview of what you will cover.

Body

¢ Divide your topic into sections based on themes or key points. Each section should
have a clear focus.
¢ Use subheadings to clarify transitions between points.

Conclusion

¢ Summarise the key findings succinctly.
e Suggest implications for future research or practical applications.

References

e Use appropriate referencing style. For example, APA (American Psychological Association).
Step 3: Design engaging visuals

Use visual aids

e Create graphs, charts and diagrams to illustrate data or concepts. Ensure they are
clear and relevant.

¢ Use software like PowerPoint, GGoogle Slides, Canva or Prezi to design your visuals.

Keep slides simple
¢ Limit the amount of text on each slide — aim for no more than six to eight lines of text.

e Use dot points to highlight key information, avoiding long paragraphs.

Consistent design

e Choose a professional colour scheme and font style that is easy to read.
¢ Ensure that all visuals maintain a consistent style for a cohesive look.
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Step 4: Write and edit your script

Draft your presentation in a script format, including what you will say for each

slide or section.

Use a conversational tone to make your delivery more engaging.

Review your script for clarity and conciseness. Remove jargon or overly

complex language.

Make sure each point logically leads to the next and transitions are smooth.

Step 5: Practise your presentation and prepare for audience
questions

Rehearse

Practise your presentation several times, focusing on your
delivery and timing.
Record yourself to evaluate your body language and clarity.

Seek feedback

Use the allocated marking criteria to ensure all content is
being covered to the necessary depth.

Present your presentation to a peer or family member and
ask for their feedback on your content and delivery.

Make adjustments as necessary.

Prepare for questions

Create a list of potential questions your audience might ask
and prepare answers.

Stay informed about your topic so you can

respond confidently.

Step 6: Deliver your presentation

Engage with your audience

Minimise your use of palm cards.
Start with a strong opening statement to capture attention.

Figure 5 A presentation can make anyone nervous,
but preparation and practice is the key!

Use eye contact, gestures and movement to connect with your audience.

Engage with your slides. For example, point to and discuss images and graphs.

Stay calm and confident

Take deep breaths before starting, to calm your nerves.

Speak clearly and at a steady pace, and don’t rush through your presentation.

Invite questions

At the end of your presentation, encourage questions and be open to feedback.

Listen actively to questions and respond thoughtfully, drawing on your research.
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Lesson 1.19
Review: Working scientifically

summary
Lesson 1.1 Observing Lesson 1.9 Conducting investigations
* Good scientists need to be observant and notice ¢ Following safety practices minimises

things around them.
e Quantitative observations usually contain
numbers with units.

e Qualitative observations contain words
and descriptions.

» Scientists use observations to infer (explain)
what is happening.

Lesson 1.2 Measuring quantities

e Scientists use equipment to measure their results.

e Scientists need to compare their measurements
with one another.

e The standard metric system is used by
scientists around the world to measure distance
(metres), volume (litres) and mass (grams).

Lesson 1.4 Questioning and predicting

* Two things are correlated when they both
change in a related way.

e Correlation of data does not mean one event
causes another event.

* Causation occurs when the independent
variable is responsible for the change in the
dependent variable.

Lesson 1.6 A Bunsen burner is an essential piece of
laboratory equipment

* A Bunsen burner is used to heat things in
the laboratory.

e The yellow flame is called the safety flame
because it is easier to see.

e The blue flame produces more heat than the
yellow flame (over 1,500°C).

Lesson 1.8 Planning investigations

e Scientists use specialised equipment to conduct
experiments in the laboratory and in the field.

e Scientific experiments must be carefully
planned so that they are safe.
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danger by identifying risks and applying
necessary precautions.

Using the correct equipment and following

a planned procedure improves the reliability

of investigations.

Recording data accurately improves the quality
of scientific work.

Lesson 1.10 Processing data and information: Part
A - Extracting data and information

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

Information can be extracted from tables,
graphs and other representations to identify
trends, patterns and relationships that may
exist in their results.

Lesson 1.11 Processing data and information: Part
B - Representing data and information

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.

Lesson 1.13 Analysing data and information

Science experiments are planned and analysed
carefully to minimise errors.

Before claiming that a hypothesis is supported
or refuted, experimental data must be checked
to identify whether it contains any errors or
unexpected results.

Lesson 1.14 Problem solving

Recognising and defining a specific problem is
the first step in developing a solution.

Group work and creative thinking are often
required to solve identified problems.
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» Establishing clear criteria for evaluating e Scientists use a similar style and language in
potential solutions is necessary to compare and their reports so that they can be understood by
contrast different strategies. scientists worldwide.

e Models are used to demonstrate and explain ¢ Scientists communicate with other scientists
the relationships between causes and their so that they can learn from one another and
effects in various phenomena. expand on one another’s work.

Lesson 1.16 Communicating Lesson 1.18 Depth studies

» A scientific report is where results and findings e Identify the five types of depth studies, and

are recorded. describe the key features and purposes of each.

¢ Choose a suitable type of depth study for a
given scientific topic and explain why it fits the
investigation goals.

Review questions 1.19

Review questions Module 1

Retrieve a The bus is red.

1 Identify which of the following is most accurate b ‘The swimming pool smells of chlorine.

when measuring 10 mL of liquid. ¢ Iam older than 12 years old.
A Conical flask d The line to the tuckshop is 4 m long.
B Beaker 7 Name the section of a scientific report that

C Measuring cylinder would contain the measurements collected.

D Test tube Comprehend
2 Identify which of the following could be used to

measure the temperature of the air.

A Balance

B Electronic scales

C Stopwatch

D Thermometer

3 Identify the step that should be completed first
when lighting a Bunsen burner.

8 Illustrate a diagram of a:
a conical flask
b tripod stand
c test tube.

9 Consider the image of the
Bunsen burner with a blue
flame (Figure 1). Identify
whether the air hole on

Figure 1 A Bunsen

A Open the air hole. the burner would be open burner with a blue flame
B Light the match. or closed. Explain how
C 'Turn on the gas. the position of the air hole
D Place the lit match over the Bunsen burner. produces a blue flame.
4 Identify the metric units used for the 10 Explain what this safety sign
following measurements. means (Figure 2). Figure 2 Identifying
a Volume 11 Describe a valid test. safety signs
b Temperature 12 Explain why it is important to control variables
¢ Time in an experiment.
d Mass 13 Explain why a measurement is not very useful

5 Define the term “mass”. if you do not include the correct units.

14 Answer the following questions about a
Bunsen burner.

6 Identify the following as either quantitative or
qualitative observations.
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a Provide an example of when the Bunsen
burner safety flame is important.

b Explain what steps you would need to
use to achieve a safety flame with your
Bunsen burner.

¢ Describe two reasons why the safety flame
is not good for heating.

d Identify which part of the blue flame is best
for heating.

15 A student is conducting an
experiment and measuring the

\HH\HH‘HH\HH‘
\Yf
>

amount of water they need to use
77777777777777 B in a measuring cylinder. They
look at their measuring cylinder
3 »C  from three angles: A, B and C

(Figure 3).

a Identify which angle would
provide them with the most
accurate reading.

Figure 3 Which angle
provides the most

accurate reading? b Explain your answer to part a.

Analyse

16 Write three observations and three
inferences about:
a this textbook

17 Consider what would happen if the units used
by scientists were not the same everywhere
in Australia.

18 Identify the correct
graph to use to represent

b your own hand.

Table 1 Number of road deaths
each year due to car accidents

the set of data in Table Year N:m?;"gf rotad
eaths due to
1 on the number of road car accidents
deaths each year due to
) 2004 1583
car accidents.
2005 1627
19 Measure the length of 2006 1602
the palm of your hand. 2007 1603
Check the length of 2008 1437
your own palm against 2009 1488
the suggested value 2010 1352
(Table 1 in Lesson 1.1 2011 1201
Observing (page 4)) 2012 1310
in centimetres. 2013 1193
a Calculate the length 2014 1155
of 50 standard 2015 1212

“palms”.

b Calculate the length of 50 values of the
measurement of your palm.
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c Calculate the difference in the
two measurements.

Apply

20 There are many unusual measurements.
Determine how you might find the answers to
these measurement problems.

a What is the temperature inside a furnace?

b What is the thickness of a sheet of paper?

¢ How fast do your fingernails grow? How
could you measure this?

21 The number of koalas has been steadily
decreasing across many of the eastern states in
Australia since 2012. The size of the decrease
in each state is shown in Figure 4.

a Evaluate why a column graph would be the
most appropriate graph to use for this data.
Use the data to draw a column graph.

¢ Discuss why you could not use this data
to determine which state has the largest
koala population.

The decline of koala populations in Australia

-3%
South Australia

-26%
New South

Wales

f Victoria
3

.

Note: Overall population decline —24%
Source: Adams-Hoskin et al. (2016)

Figure 4 The decline of koala populations in Australia
(overall population decline — 24%)

Social and ethical thinking

22 Many forms of scientific research are
dependent on government funding. Scientists
need to apply for the funding, which can result
in their projects competing against one another
for the limited funds. A selection panel will
often need to decide which research project will
receive funding and which will not. Read the
following Ig Nobel proposals and decide which
research proposal should receive funding.
Discuss how you made your choice.
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— How can we identify a narcissist (self-
absorbed) person by the shape of
their eyebrows?

— What happens to the shape of an earthworm
when it is vibrated?

— What does a crocodile sound like, after it
has breathed helium, when they bellow?

Critical and creative thinking

23 Design one of the following experiments.
Write an aim, prediction and method for the
experiment. Identify the variables and make sure
you control all but the independent variable.
Make note of any safety issues. Set it out like one
of the experiments in this book.
— An experiment to test if three types of
material are waterproof.
— An experiment to see how high a
rubber “bouncy-ball” can bounce on
different surfaces.
24 Describe how you would determine if you could
trust the information you read on a website.
Identify which of the following factors you would
consider: who wrote the information, when was
the information written, how old is the author
of the website and why did the author make the
website. Develop one more question that you

would ask when you read the website information.

Famous Australian scientists
Scientists become famous when they are
experts in their area of research. They may
have spent many years working on one
particular area or they may have made an
important discovery. Some may have even won
awards for their work.

e Select one of the scientists from this list:
Frank Macfarlane Burnet, Helen Caldicott,
Douglas Mawson, Nancy Millis, Gustav
Nossal, Suzanne Cory, Mark Oliphant,
William McBride and Struan Sutherland.

e Describe the area in which they
do research.

¢ Explain any significant discoveries that
they may have made.

e Create a list of questions that you would ask
them if you had the chance.
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Research

25 Choose one of the following topics for a
research project. Your job is to plan the
project, rather than actually do the research.
Planning is a very important tool. Place the
topic in the centre of a mind map and fill
the surrounding bubbles with big questions.
Make sure your questions are big enough to
give you an insight into the topic as well as
broader issues.

Depending on variables

Scientific discoveries rely on carefully

controlled experiments. This means that

the methods must be repeatable and all the

variables must be controlled.

* Explain the difference between controlled
variables and the independent variable.

e Describe what would happen if the
variables in an experiment were
not controlled.

* Describe two experiments: one that is
controlled and one that is not controlled.

* Explain how the reputation of a scientist
may be affected if they made a claim based
on an uncontrolled experiment.

Intellectual property

When you develop a new product or idea,

it is said to be your intellectual property.

This means you have time to use your idea or

product to produce something to sell and cover

the cost of your research. If you were shown

by Aboriginal or Torres Strait Islander Peoples

how a native plant could cure an infected

finger, would you need to ask their permission

before you researched the plant to make a new

antibacterial medicine?

e Identify what is meant by the term
“biopiracy”.

* Describe the things you would need to
consider before you started your research.
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Module

Observing the
Universe

Overview

From over 65,000 years ago, when Aboriginal and Torres
Strait Islander Peoples first observed and interpreted
the night skies, to the present day, humankind has
always been fascinated by what lies beyond our planet.
As scientists work together year after year to increase
our understanding of space, our knowledge of the solar

system and the Universe expands. With the launch of the
James Webb Space Telescope, we can now look further
into space than ever before and learn more about the
early Universe. Imagine what we might discover and learn
over the next 100 years!




Lessons in this module

Lesson 2.1 Science is the study of the natural and
physical world (page 76)

Lesson 2.2 Scientists use observation and inference to
answer questions (page 79)

Lesson 2.3 Investigation: Making a series of observations
over time (page 81)

Lesson 2.4 Our understanding of the solar system is
continuously growing (page 84)

Lesson 2.5 The Earth, Sun and Moon interact with one
another (page 87)

Lesson 2.6 The Moon reflects the Sun’s light (page 91)
Lesson 2.7 Challenge: Modelling the phases of the moon
(page 95)

Lesson 2.8 Challenge: Modelling solar and lunar eclipses
(page 96)

Lesson 2.9 The Moon's gravity causes tidal movements
(page 97)

Lesson 2.10 Seasons are caused by the tilt of the Earth

(page 99)

Lesson 2.11 Increasing our knowledge of the Universe
(page 104)

Lesson 2.12 Review: Observing the Universe (page 108)
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©

Learning intentions
and success criteria

scientist a person
who studies the
natural and physical
world

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

science the study
of the natural and
physical world

theory an
explanation of a
small part of the
natural world that is
supported by a large
body of evidence

Lesson 2.1

Science is the study of the natural

and physical world

Key ideas

— Science measures what we observe (see, hear, smell, taste 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; all scientists work in teams.

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

Curiosity through history

Scientific discoveries often begin with a single curious individual. The world would be
a very different place without people asking questions. These questions lead to research
and development as well as inventions to improve our world and our way of life.

Sometimes curiosity comes from necessity. To survive, the first humans had
to discover through trial and error which foods were edible and which were
poisonous. This was curiosity with life-and-death results! The information was

then passed from person to person to
benefit many more people.

Curiosity can also come from the
desire to know more. In ancient Greece,
there was much curiosity about the
stars, the Sun, the Moon 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 the Earth in
the Universe, and to show that the Earth is
round and not flat.

Finding answers to problems that affect
people and society is another result of
curiosity (Figure 2). Many of the great
advances in medicine, such as vaccinations
and the discovery of penicillin, are the
result of years of research. They have
changed our lives, mostly for the better.
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Figure 1 Early scientists were called natural
philosophers.
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Curiosity today

Science is in the news every day. Some issues

that scientists are curious about right now include
alternative and “green” energy sources, clean
drinking water and food for a growing world
population, and new cures for diseases such as Ebola
or COVID-19. Scientists ask questions about the
survival of the human race and space travel, and
whether the human brain could be replaced by a
computer. Science is an ongoing process that is never
“finished” — it is always changing.

Scientists in the world

There are four main branches of science: biology,
physics, chemistry and geology. Within each of these
branches there are many different specific science
professions that can overlap with one another.
Usually, a scientist has dedicated years of study to
specialise in one particular area. Figure 3—8 show
six different types of scientists as well as a question
they may spend time researching. Science is an ever-
expanding search for knowledge, and as you will
read, there is still a lot of research to be done.

Science as a collaborative effort

Science is all about discovering how the natural and
physical world works. Scientists rarely work alone
because solving big problems often requires many
different skills and ideas. By working together,
scientists can share their findings, learn from each
other’s mistakes and build on past discoveries. For
example, space exploration involves engineers,
astronomers and computer scientists all working
together as a team. Collaboration helps science
progress faster and ensures that experiments are
tested by many people to make sure the results

are correct.

How scientific theories are formed

Scientific theories aren't just random guesses — they
are explanations based on years of careful research.
When scientists notice patterns in their experiments,
they create a theory to explain what’s happening.

Oxford University Press
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Figure 2 Curiosity leads scientists to new discoveries.

Figure 3 A pharmacologist studies medicines and drugs and
their effects on the human body. Is an experimental vaccine for
Ebola or COVID-19 safe for human trials?

Figure 4 A palacontologist studies ancient life, including
dinosaur fossils. What can the mass extinction of dinosaurs
teach us about modern life on Earth?

Figure 5 An environmental scientist studies the environment.
How is climate change affecting the Earth?
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Figure 6 A meteorologist
studies the atmosphere and
weather patterns. How can we
accurately predict cyclones?

Figure 7 A marine biologist
studies life in the oceans and
seas. How will rising sea waters
affect the Great Barrier Reef?

Figure 8 A nanotechnologist
studies substances at the
atomic (very small) scale.
Can we design drugs to target
individual cells?

Figure 9 Scientists work together
to achieve a common outcome.

For example, the theory of gravity explains why objects fall toward the Earth. A
theory stays valid as long as experiments keep showing the same results. If new
evidence is found that doesn’t fit, scientists may adjust the theory or develop a new
one. This process makes science reliable and trustworthy.

Scientific laws and predictions

Some scientific ideas become scientific laws, which describe what will happen in
specific situations based on repeated experiments and observations. Unlike theories,
laws don’t explain why something happens — they just describe the pattern. For
example, Newton’s Laws of Motion explain how objects move when forces are
applied. These laws help scientists predict what will happen in new experiments or
real-life situations, making science useful for designing technology, building bridges

and even predicting weather!

Check your learning 2.1

Check your learning 2.1

Retrieve

1 Identify the name that was given to the early
scientists.

2 Identify the four main branches of science
described in this section.

Comprehend

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

4 Describe one idea or invention that has
changed in your lifetime due to science.
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5 The meteorologist in Figure 6 is studying
how to predict cyclones. Describe one
advantage of this research.

Analyse

6 'The environmental scientist in Figure 5 is
investigating climate change. Identify two
other scientists in this section who may work
with an environmental scientist.
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Apply

7 It is often said that science is never
“finished”. Evaluate the truth of this
statement (by providing examples of science
that is never finished and deciding if this
statement is true).

8 Look carefully at Figure 10. Propose a
possible question about gorillas that the
scientist may be investigating. Describe the
risk the close contact may have to:

a the scientist

b the gorillas.

Figure 10 A scientist observes gorillas.

Lesson 2.2
Scientists use observation and
inference to answer questions

Key ideas @

— Key concepts in scientific inquiry focus on how data is gathered and interpreted. Learning intentions

. . . . and success criteria
— Observation involves using your senses to collect information.

— lItis important to understand inference and make conclusions or explanations based
on observations.

— Scientists draw conclusions based on observations and inferences.

— We can understand how data is collected and analysed in experiments.

Introduction

When scientists study the natural world, they often start by observing things around
them. As discussed in Module 1 Working scientifically (page 2), observations

are what we notice using our senses, like seeing how plants grow toward sunlight

or feeling how the temperature drops when the sun sets. These observations can
help scientists make inferences, which are educated guesses about why something

is happening. For example, if you see birds flying south every winter, you might
infer that they do this to find warmer weather. These inferences can lead to testable
predictions, like predicting that birds will return north in the spring when it

gets warmer.

Oxford University Press Module 2 Observing the Universe 79

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



FE Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

systematic
observations
recording
observations over
time in a structured
and consistent way

analog atool that
changes smoothly
and continuously

digital atool that
changes in steps or
separate values

Figure 1 An example of an analog scientific
thermometer and a digital laboratory thermometer sensitive (Flgure 1).

Testing predictions

To test their predictions, scientists use different methods.

Systematic observations

One common approach is making systematic observations. This means carefully
watching and recording what happens over time. For example, if you’re studying how
plants grow, you might measure their height every day and note how much sunlight or
water they get. Systematic observations are helpful when it’s not possible to control all
factors, like when studying animals in the wild.

Controlled experiments

Another approach is conducting controlled experiments. In these experiments,
scientists change one thing at a time (the variable) while keeping everything else the
same. For example, if you wanted to know if plants grow better with more water,
you could set up two groups of plants: one group that gets a lot of water and one that
gets only a little. By comparing the results, you can figure out if the amount of water
makes a difference. Controlled experiments are great for finding clear cause-and-
effect relationships.

More information on making observations can be found in Lesson 1.1
Observing (page 4).

Accuracy and reliability

Scientists aim for their results to be both accurate and reliable. Accuracy is how close
a measurement is to its true value (the value of something if it was measured perfectly
without any error). The closer a measurement is to its true value the more accurate

it is. Some strategies to improve the accuracy of measurements include ensuring

that equipment is calibrated and selecting tools that measure to a higher degree of
precision. Reliability is extent to which the method of measuring or testing produces
consistent results. For example, an experiment that is repeated and produces the same
findings each time is more reliable than an experiment that when repeated produces
different findings. Reliability can be improved by taking repeated measurements and
averaging them as well as using calibrated tools.

Tools of measurement

We use different tools to measure things like length,
temperature, time or even the brightness of light. These tools
can be analog, like rulers, stopwatches or thermometers,

or digital, like electronic scales, data loggers and infrared
thermometers. Each type of tool has its own strengths and
weaknesses when it comes to measuring accurately and
precisely. For example, a traditional thermometer might

give you a general idea of the temperature, but a digital
thermometer can often measure more quickly and provide
readings with more decimal places, which makes it more
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By comparing different measuring devices, scientists can decide which is best for
a specific investigation. Let’s say you are measuring the time it takes for a reaction to
occur. A stopwatch might be enough for a rough estimate, but if you need very precise
timing, a digital timer could be better. The choice also depends on the range of the

instrument (how much it can measure) and its accuracy. For instance, a ruler might micrometer a
be fine for measuring the length of a desk, but you’d need a micrometer to measure device that can be

. . . . used to make precise
something very small, like the thickness of a sheet of paper. LL.earning how to choose measurements of

and use the right tools helps scientists get the most reliable results possible. very small objects

Check your learning 2.2

Check your learning 2.2

Retrieve could be used together to study a
1 Define the term “observation”. Use an natural phenomenon.
example to support your definition. 5 Contrast “accuracy” and “reliability”.

2 Define the term “inference”. Use an example  Apply

o SEPPOLT FOT deimiHon. 6 If you were measuring the thickness of a

piece of paper, explain why a micrometer
would be more suitable than a ruler.

3 Recall why a digital thermometer might
be more sensitive than a traditional

analog thermometer. . . .
g 7 Observation and inference are very important

Analyse tools for scientists. Propose one reason why

4 Give an example of how both systematic you think they are important.

observations and controlled experiments

Lesson 2.3
Investigation: Making a series of
observations over time

Introduction and changes that help them learn more. For
example, watching a plant grow or tracking

Scientists make a series of observations over the temperature of something over time allows

time because things in the natural world don’t scientists to gather enough information to

always change quickly, and understanding understand what’s happening. By making

these changes takes careful, repeated observations over time, scientists can see

measurements. By observing something over if there are trends or factors that affect

a long period, scientists can spot patterns their results.
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In each of these experiments you will have
the opportunity to practise the fundamental
skills of a scientist by conducting investigations
using various scientific tools and instruments.
Through the activities of observing seed
germination, tracking rust formation on metal
and measuring the cooling rates of liquids,
you will make a series of observations over
time. These experiments will help you practise
gathering and analysing data as a scientist does.
You’ll tabulate your results, graph them to
identify trends and patterns, and use this data
to draw conclusions.

Investigation 1:
Seed germination rates

Purpose

To investigate how environmental conditions
affect seed germination rates over time

Materials

e Seeds (e.g. beans or radishes)

» Paper towel or cotton wool

*  Water

e Ruler

e Plastic zip-lock bags or containers
e Permanent marker

Procedure

1 Prepare seeds: Soak seeds in water for a few
hours if needed.

2 Set up investigation: Place damp paper
towels or cotton wool in plastic bags (or
containers). Lay five to ten seeds on the
paper towel and cover them lightly with
another damp layer.

3 Create conditions: Place the bags in different
environments, such as near a sunny window,
in a dark cupboard or in a cool place. Label
each bag with its condition and the date.

4 Observe and record: Check seeds daily for
signs of germination. Measure root and
shoot lengths with a ruler and count how
many seeds germinate. Record your results.

82 Oxford Science Stage 4 NSW Curriculum

5 Analyse results: Continue observing
for one to two weeks, then compare
germination rates and growth across the
different conditions. Discuss reasons for
the differences.

Investigation 2:
Rust formation on metal

Purpose

To investigate how different environmental
conditions affect rust formation on metal

Materials
e Metal nails or steel wool (at least
four samples)
e Four plastic containers (or jars or beakers)
e Water
o Salt
e Measuring cup or beaker
e Plastic wrap or zip-lock bags
¢ Permanent marker
e Magnifying glass

Procedure

1 Prepare metal samples: Clean and dry
metal nails or steel wool pieces to remove
any existing rust.

2 Set up conditions: Place the
samples in four containers with
different environments:

— Container A: Water

— Container B: Saltwater (mix water
with salt)

— Container C: Exposed to air only

— Container D: Wrapped in plastic (no
air exposure).

3 Label and store: LLabel each container
with its condition and place it in a safe,
undisturbed location.

4 Observe and record: Check the samples
at different intervals (daily, every two to
three days or weekly) for rust formation.

Oxford University Press
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Use a magnifying glass if needed and
note changes in colour, texture and
rust coverage.

Investigation 3:
Cooling rates of liquids

Caution

e Both steam and boiling water can scald.
Take great care when measuring the higher
temperatures. If scalded, place the area of
skin under cold running water for at least
five minutes and inform your teacher. Do
not use ice or very cold water.

* Always use heat-resistant gloves or
tongs when handling containers with
boiling water.

»  Wear safety glasses, closed-toe shoes and a
lab coat, and tie long hair back when using a
Bunsen burner.

Purpose

To investigate how different types of containers
affect the cooling rates of hot water

Materials

e Hot water (boiled)

* Measuring cup or beaker

e Thermometer (digital or alcohol)

e Timer or stopwatch

e Insulated container (e.g. Thermos)

e Metal container (e.g. aluminium can)
e Glass container (e.g. glass jar)

e Plastic container (e.g. plastic cup)

e Permanent marker

Procedure

1 Prepare containers: Label the four
containers as “Insulated”, “Metal”, “Glass”
and “Plastic”.

2 Add hot water: Pour the same amount of
hot water into each container, measuring
carefully with the measuring cup or beaker.

Oxford University Press
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3 Measure initial temperature: Use
the thermometer to record the initial
temperature of the water in each container.

4 Monitor cooling: Start the timer. Measure
and record the water temperature every
five minutes for 30 minutes. Ensure
the thermometer is rinsed and dried
between uses.

5 Record and compare results: Create a
data table to compare the temperature
changes over time. Identify which container
cooled the fastest and which retained heat
the longest.

Discussion

Answer the following for each of the

experiments you completed.

1 Graph your results using an appropriate
type of graph (line or column).

2 Discuss the conclusions that can be made
from your results.

3 Identify any trends/patterns. Why do you
think you observed these?

4 Identify any unusual results or outliers and
discuss what might have caused them.

5 Identify the variables that affected the
outcome of your experiment the most.

6 Explain your results using scientific
concepts. (You may need to research these!)

7 If you were to repeat the experiment(s),
discuss what you would change/improve
and why.
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Lesson 2.4
Our understanding of the solar
system is continuously growing

@ Key ideas

Learning intentions — Aboriginal and Torres Strait Islander Peoples were the first astronomers.

and success criteria .
— An early understanding of astronomy was that the Earth was the centre of the

Universe.

— Polish astronomer Nicolaus Copernicus realised that the Sun was the centre of the
solar system.

Introduction

Imagine standing on the Earth gazing at the sky to learn about the Universe.
Scientists have explored the relationship between the Earth, the Sun and the other
visible planets in the solar system for hundreds of years using their unaided eyes.
Scientists across cultures have developed different ways of understanding what we
can observe in the sky. This understanding continues to grow as knowledge is shared
and new discoveries are made.

The first astronomers

Aboriginal and Torres Strait Islander Peoples have lived around Australia for over
star a glowing big, 65,000 years. Their understandings of the Sun, Moon and stars make them the world’s
hot ball of gases oldest astronomers who still continue today. Across the hundreds of Aboriginal

and Torres Strait Islander communities in Australia, many different languages and

cultures exist, along with different ways of observing the skies. This knowledge of the
Sun, Moon and stars was integrated into every
aspect of Aboriginal and Torres Strait Islander
Peoples daily lives, to do things like predict
weather, understand seasons and navigate.
Constellations in the sky are also given meaning
and linked to traditions that are passed on
through generations.

For the Wiradjuri people of Central NSW,
the Milky Way is the Great Celestial Emu:
Gurgumin (Figure 1). The Wiradjuri people
can use the position of the emu in the sky to
know many things, including when emus are
nesting. When the emu is directly overhead
after sunset, it is the right time of year to collect

Figure 1 The emu-shaped dark patch in the Milky Way is one of the
many constellations which Aboriginal and Torres Strait Islander Peoples
use as calendars, to navigate and to tell stories.

emu eggs.
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The ancient Mayans

The ancient Mayans were one of many ancient cultures who believed the Earth
was at the centre of everything. The Mayan people believed that the Sun, Moon,

planets and stars were gods, and that by observing their movement, they could

orbit moveina
curved path around

understand the will of the gods. For example, the planet Venus was associated another object
with the god of war, so wars and battles were planned around where Venus was geocentric model a
positioned in the sky. The Mayan calendar was linked closely to astronomy and is model of the universe

extremely accurate. The length of a solar year was exactly 365 days long, which we

that places Earth
at the centre of

know today is about the length of time it takes for the Earth to orbit the Sun. everything

The geocentric model

The idea that the Earth is at the centre of the Universe and
that the planets orbit the Earth was popular for a long period
of history. This geocentric model also seemed true to
people who believed that the Earth was not moving at all — or
at least it seemed that way for the people who were living on it
(Figure 3).

Ptolemy

Around 150 CE, an astronomer called Ptolemy (c¢. 100-170
CE) described another geocentric model of the Universe. In
his model, Ptolemy suggested that the planets orbited around
a point slightly away from the Earth called the “eccentric”.
He also tried to explain why the planets appeared to travel
backwards as they orbited the Earth. Ptolemy proposed

that the planets travelled in small circles, called epicycles,
while they orbited the Earth. He believed these two motions
together could explain why planets sometimes appeared closer
to the Earth.

Early Islamic astronomy

From the eighth to fifteenth centuries CE, Islamic scholars
developed observational techniques and established large-
scale observatories that would advance astronomy further. An
institute for research and translation was built in Baghdad,
called the House of Wisdom, and filled with manuscripts

on science and astronomy. During this period, astronomer
al-Farghant (d. 865 CE) published the Compendium of
Astronomy, which updated and combined the work of Ptolemy
with the work of other Islamic astronomers. Al-Farghani
incorporated a better method of calculating the circumference
of the Earth as well as the movement of the planets. This text
became famous in the Islamic world and brought the ideas of
Ptolemy to Western astronomers.

Oxford University Press
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)/Dc—ferent

Epicycle
Eccelntric /

Figure 2 Ptolemy suggested that planets travelled
in epicycles around a point close to the Earth called
the eccentric, although we know today that this is
not accurate.

Sun
Earth
Geocentric
Earth
Heliocentric

Figure 3 The geocentric model places Earth at
the centre of everything. The heliocentric model
recognises that the Earth orbits the Sun.

Module 2 Observing the Universe 85



heliocentric

model a model of the
universe that places
the Sun at the centre
of everything

telescope an optical
instrument that uses
lenses and mirrors to
make distant objects
appear closer and
larger

e

Figure 5 The Hubble
Space Telescope is a
large and powerful
telescope that orbits
the Earth. The
telescope is named
after the famous
astronomer Edwin
Hubble. It has helped
scientists make many
important discoveries
about the universe.

.
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The heliocentric model

Polish astronomer Nicolaus Copernicus (1473-1543)
was the first European scientist to argue that Earth
was not at the centre of the universe. Based on his
observations of the planets’ motion and mathematical
calculations, Copernicus proposed that:
* the planets orbited the Sun
¢ the Moon orbited the Earth.
Copernicus’s model is called the heliocentric
model (helio referring to the Greek god of the sun and
centric meaning “at the centre”) (Figure 3).
In the seventeenth century, Italian astronomer and
physicist Galileo Galilei (1564—1642) made his own
telescope and looked at the sky (Figure 4). He

based on new observations.

PG 2l bodics

Figure 6 The eight planets of the solar system
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Figure 4 Galileo's telescope

found evidence in support of heliocentric models.

Later, Issac Newton suggested all matter attracts each other
(gravitational force). His law explained how the Earth can rotate
around the Sun. New technologies like powerful telescopes

(Figure 5) and space missions have helped us learn about the

solar system and the universe. We now know our solar system has

eight planets and about 293 moons (Figure 6). This shows that
scientists always revise and modify scientific knowledge and models

Dwarf
ets

Neptune

Uranus

Saturn

Universe
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Check your learning 2.4

Check your learning 2.4

Retrieve

1 Explain how different cultures have
contributed to our understanding of the solar
system.

2 Explain the difference between the
geocentric and the heliocentric views of the
solar system.

3 Identify two key people from different
cultures who have contributed to our
understanding of the solar system. Describe
their contributions.

Analyse

4 Consider why the heliocentric model was
controversial at the time it was first proposed
by Copernicus and then Galileo.

5 Explain why the geocentric model of
the solar system was rejected by the
scientific community.

Apply
6 Discuss why people may have believed that
the Earth was at the centre of the Universe.

Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

7

What evidence was available (or not
available) at the time?

Investigate more about the first astronomers
— Aboriginal and Torres Strait Islander
Peoples. How do the Traditional Owners

of the land that you are on understand the
stars? Share your findings with your class
and explain how this knowledge is used.

Skills builder: Problem solving

8

A student wondered what makes the Sun
move across the sky throughout the day.
They thought of two possible solutions.
Explain which of the student’s hypotheses is
correct. (THINK: Use your understanding,
based on what you have observed during
sunrise and sunset combined with your
knowledge of the solar system to support
your answer.)

— The Sun is orbiting the Earth.

— The Earth is orbiting the Sun.

Lesson 2.5
The Earth, Sun and Moon interact
with one another

©

Learning intentions
and success criteria

Key ideas

— The solar system is the collection of planets, their moons and smaller bodies (dwarf
planets, asteroids, meteors and comets) that orbit the Sun.

— The Moon orbits the Earth every 27.3 days.

— The Earth orbits the Sun every 365.25 days.
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leap year ayear,
occurring once every
four years, with

366 days

spin rotate around
an internal axis or
centre

axis animaginary
straight line joining
the North and South
Poles of the Earth
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Our solar system

Our Sun is a star. It is the closest star to
Earth and provides the energy for every
living thing. This solar energy is made

by atoms colliding with each other in the
centre of the Sun. Without the heat and
light given off by the Sun, there would be no
life on Earth.

Our small planet (it is the fourth smallest
in the solar system) is 1,000,000 times
smaller than the Sun. The solar system is
made up of the Sun at the centre and all the
planets, dwarf planets, moons and asteroids
that travel around the Sun or each other.
The path taken by a planet is called its orbit
because of its oval or “elliptical” shape.

Figure 1 The Earth is held in orbit by the Sun’s
gravitational pull.

Ayear

A year is the time it takes a planet to make one orbit around the Sun. It takes
365.25 days for the Earth to complete one orbit. This means that every four years,
our calendar is one full day behind (4 x 0.25 days = 1 day). We account for this by
adding an extra day (29 February) every leap year.

Night and day

Day and night are caused by the Earth spinning on its axis, an imaginary straight
line joining the North and South Poles. You can model this in your classroom. Stand
facing the front of the room and turn around on the spot until you face the front
once again. This is one complete rotation. The Earth takes 24 hours to complete one
full rotation.

Because of its shape, only half the Earth is exposed to sunlight at any given time.
The other half is in shadow (Figure 2). The part facing the Sun is experiencing
daytime, whereas the part facing away from the Sun is experiencing night-time.
Because the Earth rotates, all parts of the Earth experience day and night, just at
different times.

In Figure 2, it is daytime for countries on the right and night-time for those on the
left. Can you tell in which countries the Sun would be rising or setting?

Have you ever watched the New Year’s Eve celebrations around the world on
television? The celebrations in New Zealand are always just before those in Australia.
The Earth rotates west to east.

We know this because, as the Earth spins toward the Sun, we see the Sun rise
above the horizon in the eastern sky. Sunset occurs when the Earth rotates away from
the Sun. New Zealand is east of Australia, so the Sun rises in their sky first.

Oxford University Press
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Earth tilt

Sun rays

Figure 2 The part of the Earth facing the Sun experiences daytime and the other half experiences night-time.

Solar eclipse

One of the first scientists and mathematicians who investigated the time it took for
the Moon to travel around the Earth was al-Battani in the tenth century. Although he
was not the first astronomer to build a model of how the Moon travelled around the
Earth, his model was one of the most accurate. He was able to correctly calculate the
cause of a solar eclipse.

A solar eclipse occurs when the Moon passes between the Sun and the Earth once
every 27.3 days. Occasionally, the Moon will be in a position where it blocks some of
the light from the Sun. This is known as a solar eclipse (Figure 3). During a total
solar eclipse, the Moon blocks the maximum amount of light from the Sun and the
sky goes dark for a short time during the day. The last total eclipse of the Sun, visible
from northern Australia, was on 20 April 2023 in Western Australia. The next total
solar eclipse visible in Australia is expected to occur on July 28 2028.

Oxford University Press
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solar eclipse when
light from the Sun (as
seen from Earth) is
blocked by the Moon

total solar

eclipse when the
Moon blocks the
maximum amount of
light from the Sun, as
seen from Earth
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Solar eclipse

Penumbra
\

Umbra \\

, v
Total eclipse

Partial eclipse/

Figure 3 When the Moon is positioned between the Sun and the Earth, it is called a solar eclipse.

» )OO

Figure 4 The phases of a total solar eclipse

When a total solar eclipse is visible in Australia, people somewhere else in the
partial solar world may only see a partial solar eclipse. This occurs when only some of the
:;::Zs:fmzeguilly Sun’s light is blocked. Because the Earth and Moon are always moving around their
lightis blocked by the ~ orbits, an eclipse takes a few minutes and then gradually passes as the Earth and

Moon Moon continue their motion (Figure 4).
You should never look directly at a solar eclipse because it could damage your eyes.
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Check your learning 2.5

Check your learning 2.5

Retrieve States of America, China, Tanzania and
1 Define the terms “spin” and “orbit”. France might be doing while you are having

Iunch in Australia.
Comprehend

7 Identify which of the following terms pair
with the explanations from the list below:
day, night, year.

3 Explain the differ.ence betwe‘en a total solar a Experienced by the part of the Earth that
eclipse and a partial solar eclipse.

2 Explain why the calendar adds an extra day
in February every four years (leap year).

is facing away from the Sun

4 Explain why a person in NSW and their b The name for the rotation of the Earth
friend in Darwin do not see exactly the same

solar eclipse.
5 Figure 3 shows the shadow caused by the
Moon during a solar eclipse. If people

over 24 hours
¢ The time for the Earth to orbit the Sun once.

Skills builder: Questioning and predicting

living in the region of the darkest shadow 8 Explain what is wrong with the following
experience a total solar eclipse, describe the question. (THINK: Is it testable, specific
type of eclipse seen by the people living in and objective?

the region of the lighter shadow. et e (e s o e

Analyse length of a day if the length of
6 Compare the different time zones around the time it took the Earth to orbit the
world. Describe what people in the United Sunincreased?”
Lesson 2.6

The Moon reflects the Sun’s light
Key ideas @

— The Moon rotates as it orbits the Earth. Learning intentions

— The same face of the Moon always faces towards the Earth. and success criteria

— The phases of the Moon are caused by the light from the Sun shining on different parts
of the Moon.

Introduction

Many scientists believe that a giant collision between two planetary bodies resulted in
the formation of the Earth and the Moon.

The first scientific description of the Moon was made in 1609 by Italian
astronomer and physicist Galileo Galilei, based on his observations through a
telescope. At the time, it was believed that the Moon had a smooth surface, which
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S e.xplained its ability to r'eﬂect

Vs half moon Waxing light from the Sun. Galileo knew
gibbous moon 1 crescent moon differently. He saw the rough,
mountainous terrain and vast craters
that we know cover the surface of
the Moon. He even described large
flat plains that we call “maria”
(pronounced “MAHR-ee-ah”; Latin
for “seas”) because they look like
dark oceans. We now know that these
plains are solidified lava.

Full moon —e §

/ . In 2020, NASA’s special
\ e SOFTA telescope (the Stratospheric
) \ o Observatory for Infrared Astronomy),
4 N 8 — mounted in an aeroplane, identified
.\I small molecules of water on the
Waning T Waning surface of the Moon for the first time.

gibbous moon crescent moon

Third quarter

. The amount of water found, however,
half moon

was very small (100 times less than

Figure 1 The phases of the Moon as they appear from Australia (the southern the Sahara Desert).
hemisphere). The images are not true proportions.

Moonlight

If you have looked up at the night sky, you might have observed the changing shape of
the Moon. Why do you think this happens? The traditional stories of the Nuenonne
people of Bruny Island, Tasmania, describe how the source of moonlight is the Sun.
They also describe both a waxing and waning moon (Figure 1), which
are evidence of their astronomical observations.

Unlike the Sun, the Moon does not create its own light. Instead, it
reflects sunlight. Without the Sun, our Moon would be completely dark.
The sunlight always comes from one direction (Figure 1). It lights up

-‘ only the side of the Moon facing it, while the other side of the Moon
remains dark. Every night you just see the part of the Moon lit by
i ‘ ‘ 1 sunlight. This depends on where the Moon is in its orbit around Earth.
X od -" When the Moon is closest to the Sun in its orbit, it cannot be seen on
Figure 2 Neil Armstrong and Edwin Earth. This is because only the side of the Moon that is facing the Sun is

“Buzz” Aldrin were the first humans to . . . . . .
walk on the Moon. illuminated leaving the side facing Earth cast in darkness.

The amount of sunlight reflected varies with the different phases
of the Moon, but even the full Moon only provides a faint light that
appears bluish to the human eye. We always see the same side of the
Moon from Earth because the Moon rotates at the same speed as it
orbits the Earth. This is just like walking around a person, making
sure you always face toward them. The Moon takes 27.3 days to
completely orbit the Earth.

Sometimes, only a part of the Moon is visible. You might see a half-

Figure 3 Buzz Aldrin's footprints on Moon, a crescent-shaped Moon or a fully round Moon. Sometimes the
the Moon Moon cannot be seen at all, even though it is in the sky. These changes
92 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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in the shape of the Moon are called the - phases of the

. )
phases of the Moon (lunar phases, Figure THIIR nAv @

Moon (lunar phases)
changes in the shape

1). Of course, the Moon does not change 0" 'HI Mnn" of the Moon as seen
shape — it is always round. What changes from Earth

EARLY today Neit Armutrong sed

Aldrh were dozing in the bgl' xllw

is the amount of the Moon that is lit by the "::“"'“:.'.:'..:r:""'"“":.':
Sun, which makes it possible for us to see 3 ‘
the Moon from Earth. There are eight lunar
phases: new, waxing crescent, first quarter,
waxing gibbous, full, waning gibbous, last
quarter (third quarter) and waning crescent.
We are really looking at the “day” and
“night” parts of the Moon. The Moon rises
and sets, just like the Sun. Thhe Moon rises
approximately 50 minutes later from one
day to the next. The Moon is always in the

Figure 4 The first
Moon landing was

sky; however, during the day, the sky is usually so televised around the

light that the Moon is hard to see. world and was front-
page news on 21 July
1969.

Exploring the Moon

Figure 5 Australian

. . . scientists at the Parkes
The Moon is the only body in space on which humans have actually stepped. Observatory in NSW

It has a weak gravitational pull and very little atmosphere; therefore, there is played a critical role
not enough oxygen to breathe. Astronauts must wear space suits fitted with in the Moon landing.
breathing apparatus.

Neil Armstrong and Edwin “Buzz” Aldrin were the first humans to walk on the
Moon, in July 1969, as part of the Apollo 11 space mission (Figure 2 and Figure 3).
They found “kangaroo hopping” easier than walking on the Moon. The astronauts
could jump higher and further because the pull of gravity on them was only about
one-sixth of Earth’s gravity.

The surface of the Moon is made of fine grains of dust that stick together like
damp sand. The footprints made by the Apollo 11 astronauts should still be visible
in a million years because there is no erosion to destroy them (Figure 3). However,
the footprints may be covered with dust from future meteor impacts.

It was possible to beam images of the Moon landing around the world because
of the satellite dishes located
at Honeysuckle Creek in Partigla il
Canberra and Parkes in NSW Earth  (penumbra)
(Figure 5). &

Moon

Total eclipse
(umbra)

Lunar eclipse

In eighteenth-century China,

) ) Partial eclipse
a young scientist called Wang +----=""(penumbra)

Zhenyi developed a way to
model a lunar eclipse. This
eclipse occurs when the Earth
moves between the Moon and

Lunar eclipse

the Sun (Figure 6). The Moon Figure 6 A lunar eclipse occurs when the Earth moves between the Moon and the Sun.
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passes into the Earth’s shadow and appears dark (Figure 7). Wang modelled this by
hanging a lamp from the roof that acted like the Sun above a circular table that acted
like the Earth. She then used a circular mirror that acted like the Moon. By moving
the Moon mirror under the Earth table, she was able to model the lunar eclipse.

Figure 7 A time-lapse photograph of a lunar eclipse

Check your learning 2.6

Check your learning 2.6

Retrieve

1 Identify if these statements are true or false.
a The Moon creates light.

b The Moon does not supply light to the
Earth.

¢ The Moon changes shape during different
phases.

d The Moon is the closest body in space to
the Earth.

e Craters are large indentations on the
Moon’s surface.

f Astronomers are pseudoscientists.
We can see both sides of the Moon from
the Earth.

2 Recall why astronauts can jump higher on
the Moon than on Earth.

94 Oxford Science Stage 4 NSW Curriculum

Comprehend

3 Use Figure 1 to describe the waxing and
waning of the Moon.

Analyse

4 Greek philosopher and scientist Aristotle
noticed that, during lunar eclipses, the
Earth’s shadow was always round. Consider
how this led him to suggest the Earth was
spherical in shape.

Apply

5 Research an alternative explanation for
the phases of the Moon as told by early
Aboriginal and Torres Strait Islander
Peoples. Explain how they saw the variation
in the appearance of the Moon.
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Challenge: Modelling the phases of

the moon

Aim

To model the different phases of the Moon

What you need:

e Torch or lamp with exposed light bulb
* Globe or basketball

e Tennis ball

e Small foam ball

e Black permanent marker

* Eight Oreo cookies

e A blunt knife

e One piece of A4 paper

* Glue

What to do:

1 In small groups, use a torch or light bulb in
a fixed position to represent the Sun. One
person should then hold a globe or basketball
to represent the Earth, and a second person
should hold a tennis ball to represent the Moon.

2 Begin by rotating the Earth as it orbits the
Sun. Try to work out how the Moon would
orbit the Earth as the Earth orbits the Sun.

3 Use a black permanent marker to colour half
of the foam ball. Face the white side of the
foam ball towards you. This represents the
fully lit face of a full Moon. Slowly rotate the
foam ball so that the Moon appears to be
getting smaller. (You will gradually see more
of the darkened side of the Moon.)

4 Shine the light from a torch onto the white
section of the Moon. Pass the tennis ball
(now representing the Earth) between the
light and the foam-ball Moon.

Oxford University Press

Questions

1 Explain why people on Earth only see one
side of the Moon.

2 Describe and identify the phenomenon that
you modelled in Step 4.

3 Explain why the statement “the dark side of
the Moon” does not refer to the side of the
Moon away from Earth.

4 Draw each phase of the Moon as you saw it

on the foam ball in Step 3, or create a model

of the lunar phases using Oreo cookies by

following the steps below.

— Separate each cookie carefully so the
white cream remains on one side.

— Use the knife and trim the cream on
the cookies to match the eight phases of
the moon.

— Glue your cookie-moon phases onto A4
paper in a similar arrangement to that
shown in Figure 1.

— Label your cookie-moon-phase poster
with the name of each phase.

Figure 1 Lunar phases
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Lesson 2.8
Challenge: Modelling solar and
lunar eclipses

Aim

To model solar and lunar eclipses

What you need:

One large Styrofoam ball (for the Earth)
One small Styrofoam ball (for the Moon)
Blue marker

Aluminium foil

50 cm sturdy, bendable wire

Torch or lamp with exposed light bulb

What to do:

1

Colour the large Styrofoam ball blue to
represent the Earth.

Cover the small Styrofoam ball with
aluminium foil, ensuring the shiny side is
facing out, to represent the Moon.

Use the wire to attach the larger ball
(Earth) to the smaller ball (Moon) as
shown in Figure 1. Make sure the Moon’s
Equator and the Earth’s Equator are at the
same height.

Position a torch or light bulb in a fixed
location to represent the Sun. Adjust the
light so it shines directly on the equator of
the Earth.

Swing the wire to arrange the Earth,
Moon and Sun in a straight line.

Swing the wire until the Moon is
positioned between the torch (Sun) and
the Earth.

Record your observations and determine
whether this arrangement represents a
solar eclipse or a lunar eclipse.

96 Oxford Science Stage 4 NSW Curriculum

8 Swing the wire to position the Earth
between the Moon and the Sun.

9 Record your observations and identify if this
is a solar eclipse or a lunar eclipse.

Questions

1 Draw labelled diagrams of solar and lunar
eclipses.

2 Explain why solar and lunar eclipses can
only be observed from certain parts of
the world.

F
A
e
e
A
A
L

Figure 1 Make a model showing what causes a solar eclipse and
a lunar eclipse.
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Lesson 2.9
The Moon'’s gravity causes
tidal movements

Key ideas

— The Earth’s pull force holds the Moon in orbit.

— The relationship between the Moon and the tides was recognised by the earliest
Aboriginal and Torres Strait Islander Peoples.

— The pull force of gravity causes high and low tides.

Introduction

The relationship between the Moon and the tides was
recognised by the earliest Aboriginal and Torres Strait Islander
Peoples in Australia. The traditional stories of the Yolngu
people of Arnhem Land describe water filling the Moon-man
(Ngalindi) as he rises. When the Moon is full in the sky, the
tidal waters are full. As the tide falls, the Moon is left empty
for three days before filling again.

The Yolngu people recognised the connection of the Moon
to the Earth and used this knowledge to explain the time of
high tides and low tides. The Meriam people from the Eastern
Torres Strait used their observations from the phases of the
Moon to explain that the best time for fishing is during a
quarter moon (when there are neap tides, which is when the
difference between high and low tide is at its minimum). The
Bardi people of the Western Australian Kimberley region used their knowledge to
predict the best time for fishing and collecting the special trochus shells.

Figure 1 The Moon

What causes tidal movements?

The Earth and the Moon pull toward each other. The Earth’s pull keeps the Moon in
orbit. The Moon also pulls on the Earth. Since the Moon is about one-eightieth the
mass of the Earth, its pull on the Earth has much less effect.

Despite the Moon having a lower mass than the Earth, the Moon’s pull force still
affects the Earth. The pull of the Moon causes the Earth’s oceans to bulge toward the
Moon. This causes the oceans to cover slightly more land, which we see on the Earth
as a high tide. The Earth is also being pulled toward the Moon (and away from the
water on the opposite side), so another high tide occurs on the opposite side of the
Earth. As the Moon travels around the Earth and as both bodies travel around the
Sun, the combined pull force from gravity causes the world’s oceans to rise to high
tides and fall to low tides. Because the Earth is rotating while this is happening, two
high tides occur each day, approximately 11 hours apart.

Oxford University Press
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Learning intentions
and success criteria

high tide when

the ocean covers
slightly more land;
the highest level that
the tide reaches on
the shore

low tide when

the ocean covers
slightly less land; the
lowest level on the
shore that the tide
recedes to
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spring tide when
there is maximum
difference between
high and low tides;
caused by the
combined pull of the
Moon and the Sun

neap tide when the
difference between
high and low tides

is smallest; occurs
during the Moon'’s
quarter phase, when
the Sun and the
Moon pullin different
directions

FE Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

High tides happen when the land is rotated toward the water being pulled in by the
Moon or Sun. Low tides happen when the land rotates away from the water bulge.

When the Sun, Moon and Earth are aligned, the combined pull of the Moon
and the Sun causes very high tides in some parts of the Earth. These are known as
spring tides. Smaller neap tides occur during the Moon’s quarter phases. At these
times, the Sun and Moon are at right angles to the Earth, causing the sea tides to be
pulled in both directions at once. Spring and neap tides are shown in Figure 2.

Worked example 2.9A shows how to calculate the difference in height between low
and high tide.

Spring tide Neap tide

L]

the gravity
of the Sun Moon and the Sun

and the Moon pull at right angles
pull together to each other

the gravity of the

Spring tide: n\ Neap tide:
Hib

Figure 2 The Sun and the Moon’s pull on the oceans create spring and neap tides. (The bulges shown here have
been exaggerated so that they are easier to see.)

Worked example 2.9A Calculating tides

Table 1 shows the times of high and low tides at Surfers Paradise in the Gold Coast, Queensland,
over three days in June 2022.

Calculate the difference in height between the two high tides on the Friday.

Table 1 High and low tides at Surfers Paradise, Gold Coast, in June 2022

Thursday 2 June 2022 Friday 3 June 2022 Saturday 4 June 2022
Time Height (m) Time Height (m) Time Height (m)
4:01 am 0.35 4:42am 0.38 5:26am 0.42
9:36am 1.05 10:17am 1.01 11:02am 0.98
3:12pm 0.33 3:49pm 0.38 4:31 pm 0.44
9:58 pm 1.64 10:38 pm 1.59 11:21 pm 1.53
98 Oxford Science Stage 4 NSW Curriculum Oxford University Press
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Solution

Table 2 Working out steps

CSeps | whatwoso | workmgour

a. Collect the data needed from Table 1. One high tide is 1.01 m at 10:17 am and the other
high tide is 1.59 m at 10:38 pm.

b. Subtract the smaller tide from the larger tide. 1.59-1.01 =0.58 m

C. Answer the question. The difference between high tide and low tide on

Friday is 0.58 m.

Check your learning 2.9

Check your learning 2.9

Comprehend Apply

1 Explain why the Moon has a greater effect on 3 Use the data in Table 1 to predict the times
the tide levels than the Sun. and heights of the tides for Sunday.

Analyse 4 For one week, graph the high and low tide

levels of a beach in your state. Compare (the
similarities and differences between) this and
the times of the Moon rise and set. Discuss
the relationship between the Moon’s position
and tide levels.

2 Referring to Table 1, identify the
difference between:
a the last high tide on Friday and the first
one on Saturday
b the first high tide and the following low
tide on Saturday.

Lesson 2.10
Seasons are caused by the tilt of
the Earth

Key ideas @

— The Sun travels different paths across the sky at different times of the year. Learning intentions

. . and success criteria
— During summer, the days are longer and the Sun warms the ground and air.

— During winter, the days are shorter and the ground and air are cooler.
— The Equinox occurs when the length of day is equal to the length of night.

— Aboriginal and Torres Strait Islander Peoples use seasonal calendars that describe the
weather, plants and animals that are common in the area at that time of the year.
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Introduction

solstice eitheroftne ~ The Wathaurong people marked the movement of the Sun with waist-high stones.
it;r?j:th""eh;r;rt:;iﬁg The Wurdi Youang egg-shaped arrangement of 100 large boulders at Little River,
Equator Victoria, shown in Figure 1, is thought to have been set out by the Wathaurong
people, the Traditional Owners of the area which is
Summer Winter between Melbourne and Geelong. European settlers saw
solstice Equinox solstice Wurdi Youang for the first time nearly 200 years ago. It
is only recently that archaeologists have discovered that
the 1 m high rocks, at the two ends of the egg shape, mark
the points where the Sun sets during the middle of winter
(the winter solstice) and the middle of summer (the
summer solstice).

Summer
Figure 1 The Wathaurong people, who lived between . . .
Melbourne and Geelong, marked the movement of the The Earth rotates as it orbits around the Sun. It spins
Sun with waist-high stones. around an imaginary line (the axis) going through its

centre. The spin of the Earth makes days and nights.
The axis of the spin, however, is tilted at an angle of
23.5 degrees. This means that, for part of the year,

the southern hemisphere (including Australia) is tilted
towards the Sun (Figure 3). The days are longer and the
nights are shorter. The Sun is higher in the sky. This
allows more time for the Sun’s rays to hit the ground and
therefore warm up the air. We experience summer. The
Wathaurong people in Victoria knew this, and placed
stones that marked where the Sun set during the longest
day (21 December). This is called the summer solstice.

Figure 2 Deciduous plants change with the seasons.

Figure 3 The Earth’s rotation and orbit cause day and night, as well as the seasons. This image is not to scale.
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Equinox

As the Earth continues its orbit of the Sun, after 21 December, the southern

hemisphere starts slowly angling away from the Sun. Twice a year (in autumn

around the 20 March and in spring around the 23 September), the position of the

Earth allows an equal length of day and night. This is called the Equinox. The Equinox a day when

Wathaurong people marked the sunset of these events with the Equinox stone. day and night are the
same length; occurs

twice each year

Winter

In winter, the southern hemisphere is angled away from the Sun. The days are
shorter and the nights are longer. This means the Sun shines lower in our skies. As

a result, there is less time for the Sun to warm up the ground and therefore the air is
cooler. We experience winter. The shortest day (21 June), the winter solstice, was also
marked by the Wathaurong people.

The Wathaurong people found a way to mark the movement of the Sun, and
hence the seasons, without using telescopes or undertaking long sailing trips around
the world.

The northern hemisphere’s seasons are the opposite of ours in Australia, so during
a northern summer there is a southern winter.

The tilt of the Earth is more noticeable in the Antarctic. In the summer, the tilt of
the Earth causes the Sun to remain in the sky for five months. The Sun does not set;
instead, it sits just above the horizon for the whole time.

The reverse is true for winter in the Antarctic. The angle of the southern
hemisphere away from Sun means the Sun sets in May and does not rise again
until July.

Seasons for Aboriginal and Torres Strait Islander Peoples

Aboriginal and Torres Strait Islander Peoples have lived across the Australian
landscape for more than 60,000 years. There are over 250 language groups of
Aboriginal and Torres Strait Islander Peoples and most recognise the different
seasons that are unique to their area. The Gulumoerrgin (LLarrakia) peoples in
and around the Darwin area have seven main seasons in their calendar year. These
seasons are divided according to the weather and the plants and animals that are
common at that time of the year. The rainy season (Balnba) from November to
December is when the first rains occur. Gulppula (green tree frog) is said to bring the
rain. It is also the time to collect shellfish and the black plum. The monsoon season
(Dalay) from January to March is when the saltwater crocodiles are laying their eggs
and the barramundi are breeding.

Dalay is the monsoon season (January to March) and it replenishes the dry land.
The water gushes from creeks and rivers, covering the floodplains and moving
the seeds for new plants to sprout. Mayilema season (March to April) overlaps the
monsoon season and is when the speargrass flowers appear and the magpie goose
eggs can be collected. Damibila season (April to June) is the time to fish barramundi
and collect bush fruit, while the skies are clearing and the clouds are high.
Dinidjanggama season (June to August) is when heavy dews are on the ground, and
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