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Introducing Oxford Science Stage 5 NSW
Curriculum

Congratulations on choosing Oxford Science Stage 5 NSW Curriculum as part of
your studies this year!

Oxford Science Stage 5 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!

Key features of Student Books

The Working Communicating

scientifically is a Lasseb s ®
standalone module Observing T S e e e et g x
that explicitly teaches
important Science
inquiry skills.

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

Lessond.3

Endemic diseases, epidemics

In each core lesson: | and pandemics

* aconcept statement
summarises the key
concept in one sentence

. keyideas are
summarised in succinct
dot points

- key terms are bolded in
blue text, with a glossary
definition provided in
the margin

+ aset of check your
learning questions are
aligned to the learning
intentions for the lesson.
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Science in context lessons
explore real world examples and
case studies, allowing students to
apply science understanding.

’

Lesson 9.11 )
Science in context: The origin

in and Wallace's theory
gff E\?(;‘l’:l.»lt?oan Early evolutionary theory

DNA —

Lamarckian theory

The Test your skills and
capabilities section provides
scaffolded opportunities for
students to apply their science
understanding while developing
skills and capabilities.
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Investigation: Extracting DNA
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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 5 NSW Curriculum” in the "About this course” menu.
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® Key features of @9 ellelieIRg

Oxford Digital has been
designed in consultation

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

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

Lesson 10.1 A
Mass is conserved in a
. chemical reaction

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
y the content and get the answers and results sent to you.
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As a teacher, you can:

7N > elevate your teaching and reduce planning and preparation time with Live
! ‘(‘ Lesson mode. This is an Australian first that lets you upgrade from traditional
N 4 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 10.3 Balanced
chemical equations show
\ the rearrangement of

NN

(LN

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

> activate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Oxford Science Stage 5 NSW Curriculum™ in the “About this course” menu.

Oxford University Press
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Module

Working
scientifically

Overview

Scientists must ensure that their investigations follow
the scientific method so that the methodology is reliable
and the results are accurate and valid. This allows other
scientists to repeat the investigation and obtain the = . —

same results to verify hypotheses and conclusions. The [

scientific method also helps scientists identify risks they
could experience during an investigation and how to
minimise them.

This module builds on the skills covered in Oxford .
Science Stage 4 NSW Curriculum and explores new aspects l
of the scientific method and ways to communicate
findings. These skills should be used while studying all
focus areas in this course.
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Lessons in this module

Lesson 1.1 Observing (page 4)

Lesson 1.2 Questioning and predicting (page 7)
Lesson 1.3 Planning investigations (page 10)

Lesson 1.4 Conducting investigations (page 21)
Lesson 1.5 Processing data and information (page 24)
Lesson 1.6 Analysing data and information (page 34)

Lesson 1.7 Investigation: What if the absorbency of
different paper towels was compared? (page 40)

Lesson 1.8 Problem solving (page 41)
Lesson 1.9 Communicating (page 47)

Lesson 1.10 Review: Working scientifically (page 51)
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Learning intentions
and success criteria

true value the
value that would
be obtained if its
measurement was
free of errors

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 A burette is a
laboratory instrument
used to accurately
measure the volume of
a liquid.

4 Oxford Science Stage 5 NSW Curriculum

Lesson 1.1

Observing

Key ideas

— In scientific investigation, measurements can only show that a hypothesis is supported
or not supported if the measurements are accurate.

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

— Each scientific measuring device must have a scale appropriate to the required
accuracy.

— To obtain measurements, we must observe the values on the measuring device.

Observations

In science, making observations and reading measurements is one of the most important
parts of an investigation. In order to record these observations and measurements, it is vital
that the chosen measuring device is the best one for the job.

Choosing the right device

Choosing the right instrument is the first step in making sure the measurements are close to
the true value. Accuracy is how close a measurement is to the true value. For example, if
you needed to accurately measure the volume of a liquid, then you would use a burette
(Figure 1) or a measuring cylinder, but not a beaker. A beaker usually has a few general
measurement marks on the side of the container as an approximation of the volume. A
measuring cylinder has many more marks that are closer together. This scale is more
accurate, with less approximation of volumes than given by the marks on a beaker. A burette
has even more marks closer together than a measuring cylinder, so a burette can give more
accurate measurements than a measuring cylinder.

There are many ways to measure the mass of a
sample. Traditionally, a set of scales was used, with
weights on one side and the substance on the other
(Figure 2). Scientists who used these devices needed
to estimate when the top of the scale was horizontal to
obtain an accurate measurement. Before a scale was
used, the scientist would check that the top of the scale
was horizontal before adding any weights.

Today, scientists use digital balances to measure
the mass of a substance. They still check that the scale
is “zeroed” before their sample is added. This is done
by selecting TARE and checking that the reading is
0.00. If this is not done, then every measurement will

Figure 2 Traditional scales relied on the
ability of the scientist to judge when the
top bar was horizontal.

be inaccurate.

Oxford University Press
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Depending on the scale, the measurements may
be accurate to two, three or four decimal places. It

is important to write down all the significant figures

provided by the measuring devices.

Not only is accuracy important, so is precision.
This relates to whether the measurements recorded
in an experiment could be repeated if the
experiment was conducted again (trials) or at
another time (Figure 3).

Uncertainty

Sometimes, the amount being measured is between
two values and this can happen when measuring
the volume of a liquid in a measuring cylinder. In

Figure 4, the liquid level is between 4.4 and 4.6 mL.

While most people would estimate the volume
as 4.5 mL., a scientist needs to show the level of
uncertainty in the value. When this occurs, the
volume should be recorded as 4.4 mL (the bottom
of the meniscus at eye level). A scientist then

®
®
® % Xy
®
®x %
x
*
Not accurate, Accurate,

not precise not precise

s

Accurate,
precise

Not accurate,
precise

Figure 3 The accuracy and precision of data
depends on the measuring devices used and
the measurements observed.

needs to show the level of uncertainty in the value. The uncertainty value is determined

by halving the smallest increment of the measuring device. Since the measuring
cylinder increases by increments of 0.1 mL, half of 0.1 is 0.05. This makes the

uncertainty = 0.05 mL.

Writing it as 4.4 + 0.05 mL means that the volume could be any value between 4.35

and 4.45 mL.

Figure 4 How the uncertainty of a measuring device is determined

Errors

Reading: 4.5 mL.

Uncertainty value
Increments of 0.1 mL
Uncertainty = 0.1 = 2 = £ 0.05 mL

When making observations using measuring devices, errors can occur. They are

categorised as:

1 systematic errors, such as mis-calibrated equipment, environmental factors and

following the wrong method

2 random errors, such as unpredictable changes in the environment, instrument
limitations and difficulty reading the measuring instruments.

More information can be found in Lesson 1.4 Conducting investigations (page 21).

Oxford University Press

precision the state
of measurements
being consistent and
repeatable

uncertainty the
range of possible
values where the true
measurement lies

meniscus the curve
at the surface of a
liquid in a container

systematic

error aconsistent
and predictable
difference in
measurements

random

error variability in
ameasurementin
either direction by
an unknown cause or
causes
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Worked example 1.1A Adding uncertainties

A student measured the volume of a liquid in a measuring cylinder as 5.5  0.05 mL.. Calculate the range of

the final volume of the liquid.

Solution

m What to do Working out

a. The * means there are two values:
* where you add the value
¢ where you subtract the value.

b. Answer the question, with the smallest value first.

Combining uncertaintie

5.5+ 0.05 mL =5.55mL
5.5 -0.05 mL =5.45mL

The range is 5.45-5.55 mLL

S

The level of uncertainty can also be shown when there are many measurements taken during

an experiment. For example, an experiment that measured the time taken for a ball to fall
to the floor and bounce back may have two measurements: the time taken for the ball to
fall to the floor may be 3.35 seconds with an uncertainty of 0.005 seconds, and the time
taken to bounce back may be 3.20 seconds with the same uncertainty. When the different

measurements are combined, the amount of uncertainty is also combined.

Worked example 1.1B Calculating uncertainties

A student measured the volume of two liquids as 10.34 £ 0.005 mL and 5.12 = 0.005 mL respectively.
Calculate the range of the final volume of the two liquids if they were combined.

Solution

m What to do Working out

a. Calculate the final volume by adding the volume of
the two liquids.

b. Calculate the final uncertainty by adding the
uncertainties of the two volumes.

C. Calculate the range of the final volume by adding

10.34 mL + 5.12 mL = 15.46 mL

0.005 mL + 0.005 mL = 0.01 mL

15.46 mL + 0.01 mL = 15.47 mL

and subtracting the final uncertainty to and from the 1546 mL — 0.01 mL = 15.45 mL

final volume.

d. Answer the question.

Check your learning 1.1

Check your learning 1.1

Retrieve

2

1 Define the term “uncertainty”.

2 Define the term “accuracy”.

6 Oxford Science Stage 5 NSW Curriculum
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The range of the final volume could be
15.45-15.47 mL.

Comprehend

3 Explain why a measuring cylinder or burette
should be used to measure a volume instead of
a beaker.
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— Analyse

—8 4 Calculate the volume and uncertainty of the volume shown in
— Figure 5.

— 5 Calculate the value and uncertainty of the final volume when solution
— 6 A (23.8 £ 0.05 mL) is added to solution B (13.2 + 0.05 mL).

— 6 Calculate the mean and uncertainty of the following values: 19.6,
Flgure'5 Water in a 12.9,21.8, 11.2.

measuring cylinder

Lesson 1.2
Questioning and predicting

Key ideas @

— Before we begin a scientific investigation, we need to come up with a question first. Learning intentions

. . and success criteria
— The question we come up with must have measurable parts.

— A hypothesis is the predicted outcome of the investigation and links the dependent
and independent variable.

— The hypothesis is written as an “If ... then ... because ..."” statement.

Introduction

Science is a way of asking and answering questions about biological, chemical, physical
and technological worlds. It allows us to explore the unknown and use our knowledge to
solve problems.

Questioning and predicting

All scientific investigations start by asking a question. There are many types of questions that
can be asked. Questions can be big (such as, “How did the Universe start?”) or they can be
small (such as, “What will happen if acid is mixed with metal?”).

Big questions often need to be broken down into a series of smaller questions that can be
answered over time (Figure 1). For example, the question: “How did the Universe start?”,
could be broken down into the following questions.

e Whatis a Universe?

e What makes up our Universe?

e What is the state of our current Universe?
e How is our Universe changing?

¢ Can we measure these changes?

» Have these changes always occurred?

e What is causing these changes?

Oxford University Press Module 1 Working scientifically 7
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Another example is the broad question: “How
does climate change affect ecosystems?”, which
can be divided into smaller, testable questions.
¢ What is the current temperature trend in

specific regions?

e How are plant growth patterns changing

over time?

e What changes are occurring in animal
migration patterns?

Breaking questions down into measurable parts
is essential. Scientists do this by operationalising
their questions, which means designing them in a
way that specifies what will be tested or measured.
For example, instead of asking: “What happens
if plants get more water?”, a scientist might ask:

Figure 1 Scientists might ask: “How did the Universe start?”. To investigate “What happens if I water plants with 200 mL of

this, they also need to ask questions that can be tested and measured.

prediction an
outcome that is
expected based on
prior knowledge or
observation

hypothesis a
proposed explanation
for a prediction that
can be tested

refute prove a
statement to be false
orincorrect using
evidence

water daily compared to 50 mL?”

Forming a hypothesis

Once the question is testable, the scientist can predict the outcome of the test and state the
reason for their prediction. A hypothesis is then developed and tested in the investigation.
It is written as a statement that is based on the scientist’s prior knowledge and reasoning. The
easiest hypothesis to use is an “If ... then ... because ... statement”.

For example: “If more yeast suspension is added to 2 mL of hydrogen peroxide, then more
gas will be produced because more yeast suspension increases the rate of reaction” (Figure 2).

This hypothesis includes the variables to test (amount of yeast suspension used), the
predicted outcome (more gas produced) and the reasoning behind the prediction (scientific
knowledge about rates of reaction). Hypotheses like this guide investigations and help
scientists focus on gathering the right data to draw conclusions.

IF 6 drops of yeast suspension (instead of 3 drops)

Independent variable
P was added to 2 mL of hydrogen peroxide

THEN twice as much gas would be produced

Dependent variable . .
in the same time

BECAUSE increasing the amount of catalyst

Possible explanation o .
will increase the rate of a reaction.

Figure 2 How a hypothesis is developed using the measurable variables of the investigation

Using data to support or refute questions and hypotheses

When we perform experiments or carry out research, we often start with a hypothesis: a
statement or idea we think might be true based on what we know. Data collected from an
investigation is then used to support or refute a hypothesis. For example, if our hypothesis
is: “If a plant has more access to sunlight, then the plant will grow taller because more
sunlight means the plant can undergo photosynthesis”, we could gather data by measuring

8 Oxford Science Stage 5 NSW Curriculum Oxford University Press
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the height of plants grown in different light conditions. If the plants in brighter light grow
taller, the data supports our hypothesis, but if the plants do not grow or do not grow as high
as the plants in sunlight, the data doesn’t match what we predicted, and we may need to revise
or refute our hypothesis. This process of testing ideas with data helps us understand the world

more accurately and make better decisions.

Check your learning 1.2

Check your learning 1.2

Retrieve

1 Define what it means to “operationalise a
question”. Give an example to support your
definition.

2 State the purpose of a hypothesis in a
scientific investigation.

3 State two testable questions scientists might ask.

Comprehend

4 Describe the steps needed to operationalise a
question in a scientific investigation.

5 Explain why breaking a big question into
smaller, testable questions is important
in science.

6 Explain why it is necessary to specify the
variables when forming a hypothesis.

Analyse

7 A student conducted an experiment to test how
the amount of sunlight affects plant growth.
They used three identical plants.

a Analyse the data and identify the relationship
between sunlight exposure and plant growth.

b Predict what might happen if the experiment
was repeated using different plant species.

» Plant A was placed in full sunlight for
8 hours a day.

» Plant B was placed in partial sunlight for
4 hours a day.

» Plant C was kept in the shade with no
direct sunlight.

After 2 weeks, the plants had the
following growth measurements.

e Plant A: 12 cm taller
e DPlant B: 6 cm taller
¢ Plant C: 1 cm taller

Oxford University Press

8 Consider the following statement:

“If participants in Group A use brand A

toothpaste for 6 weeks, then they will have

whiter teeth than participants in Group B, who

used brand B toothpaste for 6 weeks.”

a Identify what is missing from this statement
to make it a hypothesis.

b Identify the independent and dependent
variables being tested.

¢ Identify one controlled variable in the
experiment. Explain why it is important for
this variable to be controlled.

Apply

9 A student wanted to demonstrate that heating a

chemical reaction will cause it to happen faster.

They wanted to test it using a dissolvable Alka-

Seltzer tablet.

a Create an operationalised question for this
investigation.

b Construct a hypothesis for this investigation.

10 Describe how a hypothesis that is shown

to be wrong can still be useful. Justify your
answer (by providing an example that matches
your description).

Module 1 Working scientifically 9
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Lesson 1.3
Planning investigations

@ Key ideas

Learning intentions — Investigations must be valid and reliable.

and success criteria . . R
— Bias can affect the outcome of an investigation.
— Controlled investigations need to have control groups and may have positive and
negative controls.

— Types of scientific investigation include case studies, modelling or simulations,
quantitative analysis and controlled experiments.

— Data can be qualitative or quantitative.

— The following variables must be considered in an investigation: controlled,
independent, dependent and confounding.

— Data should be kept in a paper-based or digital logbook.
— Before performing an investigation, all risks should be identified in a risk assessment.

— When considering whether or not to undertake an investigation, scientists must ensure
their investigation is ethical.

Purpose of an investigation

The purpose or aim of an investigation is to explore a scientific question, test a hypothesis

or solve a problem by collecting and analysing data. It helps scientists understand how or
why something happens by conducting experiments in a controlled and systematic way.
Investigations can confirm existing knowledge, discover new information or provide evidence
to support or refute a hypothesis.

For example, if we are investigating how the concentration of an acid affects the rate of a
chemical reaction, the purpose of our investigation could be: “To determine how changing
the concentration of hydrochloric acid affects the rate at which it reacts with magnesium
ribbon”. This clear purpose guides the experiment by focusing on what we aim to learn and
what variables to measure, such as the time it takes for the magnesium to dissolve.

Types of data

When conducting a scientific investigation, one of the most important steps is determining
what data we need to collect. The type of data depends on the kind of investigation we are
doing. For example, if we are testing how temperature affects the rate of a chemical reaction,
we will need to collect data about temperature and the time it takes for the reaction to occur.
On the other hand, if we are investigating the effect of light on plant growth, we will need to

ﬂ]‘;g:i::‘;tii‘(’; ‘t’s;ta collect data about the amount of light, plant height and the number of leaves.

is descriptive There are two main types of data that are collected in investigations.

?:sr;::t";dbsy 1 Qualitative data: This type of data is descriptive and deals with qualities or

numbers characteristics that cannot be measured with numbers easily. For example, in a plant
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growth investigation, we might describe the colour of the leaves or how healthy the plant

looks. This type of data helps us observe trends, but is not as precise as quantitative data.
2 Quantitative data: This is numerical data that is measured and counted. It involves

things like counting how many bubbles are produced in a chemical reaction, measuring
the temperature at different times or determining the mass of a substance. Quantitative
data is important for comparing results and making evidence-based conclusions.

When planning an investigation, we should also consider how we will collect and organise
the data. Will we measure the temperature every minute or only at the beginning and end?
Do we need to record qualitative observations, like the colour change in a solution, along with
quantitative data, like the amount of acid used? Understanding the type of data we need will
help us plan our experiment effectively, ensuring we collect the right information to answer
our research question.

Planning an investigation

There are many ways to plan an investigation. The type of investigation used is called the
methodology. This is different to a procedure (the step-by-step process of an investigation,
also known as the method). The methodology that a scientist uses will depend on the type of
question and the equipment that is used.

Bias

If a person is biased, it means they have already made a decision about a person or outcome.
In science, bias can cause an observer to only notice the information that they expect to
occur and to avoid or refuse to acknowledge data that is unexpected. Biased observations only
tell one side of a story, so they can sometimes cause inaccurate data and leave a false
impression. There are many ways bias can affect a scientific investigation.

Types of bias

Confirmation bias

When a researcher has a hypothesis that they are certain is correct, they may shape their
investigation so that the data supports this hypothesis. We call this confirmation bias, and
it involves favouring information that “confirms” a hypothesis.

Sampling bias

Sampling bias occurs when an experiment
tests a small group of subjects (either people or
objects) that do not represent the larger group
(Figure 1). For example, during pre-election
surveys, people were asked who they would

JOK
z"t
vote for via landline phone surveys in city
regions. These surveys often missed people
who were not home during the day or who did
not have a landline phone because they only
used their mobile phone. This meant the

i
il "

Population

prediction of who would win the election was
biased because the sample only represented
people who owned landline phones.

quantitative data
information that

can be counted or
measured; numerical
values

methodology the
overall approach
to a scientific
investigation

procedure a series
of clear steps

that are followed
when conducting

a scientific
investigation; also
called a method

bias leaning towards
or against an idea by
being prejudiced or
unfair

confirmation bias a
bias when a scientist
selects a method
that will support the
outcome they want
sampling bias a bias
where a group of test
subjects does not
represent the larger
sample group

W

Sample

Figure 1 Sampling bias exists when the population of the sample doesn’t reflect

the actual population.

Oxford University Press

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

Module 1 Working scientifically 11



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

randomised when
people, objects or
similar are selected at
random

placebo asubstance
or treatment that is
designed to have no
effect

blind study when
the participants
do not know if
they are receiving
the treatmentor a
placebo

double-blind

study when neither
the participants

nor the treating
doctors know if
they are receiving
the treatmentor a
placebo

L —

“.'_. ‘_.‘t({ - Ay A

R

Figure 2 In fieldwork, scientists can collect accurate data from

the environment.
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Channelling bias

When scientists want to test the effectiveness of a new drug, they will carefully select a large
group of people and divide them into two smaller groups.

When selecting which person will be placed into each group, it is tempting for the
scientist to place or “channel” the people most affected by a condition into the group that
will receive the treatment and the people who are least affected into the non-treatment
group. But this can affect the outcome of the trial.

Instead, the two groups should be randomised (randomly assigned to a group), and
both groups should appear to receive the same treatment. For example, both groups should
be given a pill at the same time each day. One group will have the new drug in the pill, while
the control group will be given a placebo.

A placebo is a substance or treatment that is designed to have no effect; for example, a
sugar pill. Some people are so convinced that the treatment will work that a placebo makes
them feel better. In one experiment, a group of patients with osteoarthritis of the knee
underwent a placebo operation instead of receiving the real procedure. Some of these
patients reported feeling less pain as a result of the fake procedure. When participants do
not know if they are receiving the real treatment or a placebo, it is called a randomised
blind study.

Although a blind study is useful, the doctors treating the participants might also behave
differently towards a patient if they know the patient is receiving the real treatment or a
placebo. To avoid this, sometimes the treating doctors are not told which treatment the
patient is being given. In these tests, only the scientists know the outcome and can decide
which group received the treatment. When there are two layers of people who do not know
who received the treatment until it is over, this is called a randomised double-blind study.

Investigation methods

To collect reliable data, the best investigation method
- must be selected, since some are more suited to collecting
certain types of data.

Fieldwork

In fieldwork, scientists collect data directly from the natural
environment, rather than in a laboratory. Data collected
from fieldwork can include quantitative measurements,
such as temperature or population numbers, as well as
qualitative observations, such as habitat conditions and the
behaviour of organisms (Figure 2).

Laboratory experimentation

Within a laboratory setting, controlled investigations
are conducted to explore hypotheses and manipulate
variables. Data collected can include quantitative
measurements, such as reaction times and changes in
temperature or energy outputs, as well as qualitative
observations, such as colour changes or smell.

Oxford University Press
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Other investigation methods
Other types of investigation

methods include:

* simulations

*  modelling

* surveys

» case studies

e comparative studies

e longitudinal studies.

Variables

One of the most important parts of a
scientific investigation is identifying

Figure 3 Investigations completed in a laboratory allow
for precise control and replication of findings.

the variables that affect the outcome of
the experiment.

Most investigations will have many
factors or variables that could change the results. For example, an investigation that tests how
to improve the growth of a plant is affected by the following variables: type of soil, amount of
water, amount of sunlight, temperature of the environment, amount of air and concentration
of different gases in the air. A good experiment will keep these variables the same, except for
one. The variables that are kept the same throughout an investigation are called the
controlled variables.

The independent variable is the only variable that is deliberately changed by the
scientist. Using the example of the plant experiment in LLesson 1.2 Questioning and
predicting (page 7), the scientist should keep the soil, temperature and amount of
sunlight and air the same for all plants. The only thing that may change is the amount of
water the plants receive. Then the scientist will know if the amount of water causes a change
in the dependent variable. The dependent variable is the variable that is measured at the
end of the investigation and it is “dependent” on any change in the independent variable.

Confounding variables are a third type of variable that impact both the independent
and the dependent variables. For example, weather is a confounding variable in an
investigation examining the relationship between the level of sunburn and the number of ice
creams sold. While it might appear as if there is a direct correlation between sunburn in
individuals and the number of ice creams sold, one variable does not cause the other. Instead,
the confounding variable is the weather and the amount of sunlight, which causes the changes
in the other two variables.

Materials and technologies

Selecting suitable materials and technologies is a critical aspect of successfully conducting
scientific investigations. When choosing tools and materials, it is important that they are safe,
reliable and appropriate for the task.

When completing an investigation involving chemistry, the correct chemicals at the
appropriate concentration must be used. The correct technology must be used as well, such as
digital probes to record temperature or pH more accurately (Figure 4).
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controlled variable
avariable that

is kept constant
and unchanged
throughout an
investigation

independent
variable avariable
thatis changed in an
investigation

dependent variable
avariablein an
investigation that
may change as a
result of changes

to the independent
variable

confounding
variable avariable
that is not measured
but may impact

the results of an
investigation
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valid where a test
investigates what it
sets out to investigate

reliable consistency
of a measurement,
test or experiment

repeatable the
same results and
observations can be
made under the same
conditions and using
the same method

reproducible the
ability to repeat
and replicate a test
exactly
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Figure 4 (A) A pH meter is able to accurately determine the pH of a solution. (B) Universal indicator only provides an
approximate pH value based on the colour of the paper.

In physics, motion sensors or electrical circuit Kits are used to measure variables including
speed or resistance with precision, while in biology, sensors to monitor environmental
conditions all day would provide more accurate measurements.

Valid investigations

The dependent variable must be selected carefully to make sure the investigation is valid. An
investigation is valid if it measures what it claims to measure. The scientific validity can be
checked by asking three questions.
¢ Does the investigation relate to what happens in the real world?
e Does the investigation measure a dependent variable that is relevant to the aim?
¢ Does the investigation control all the other factors that might affect the outcome?
For example, if a scientist wants to test the growth of a plant, they need to consider what
variables they want to investigate. Growth can mean the height of the plant, the number
of leaves, the size of the leaves, the length of the roots or the number of roots. A valid
experiment would identify which of these dependent variables would apply in the real world
and would not be affected by the other factors (such as how tightly packed the soil may be).
An example of a poorly designed investigation is one based on the scientific question:
“Does eating eggs cause your hair to grow faster?” The researchers compared the hair length
and egg intake of two groups of people. They found that everyone had different diets, but
the people who had a faster hair growth rate ate more eggs than people who had a slower
hair growth rate. The researchers could have concluded that eggs made hair grow faster,
but they knew that the experimental comparison was not valid because there were too many
uncontrolled variables. This meant that there were many other factors (health factors or
supplements) that could have contributed to the results. The experiment also assumes that
eating eggs is what causes hair to grow. This means the experimental comparison fails the
valid test for both method and measurement.

Reliable investigations

A reliable science investigation is dependent on the ability to repeat the investigation with
the same scientist and same materials (repeatable) or with another scientist in another
laboratory (reproducible) and achieve the same results. For an experiment to be reliable, all
the variables that affect the dependent variable need to be identified and controlled for.

Oxford University Press
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Control groups

Controlled investigations keep all the variables the same except for the independent variable.
If the independent variable is changed, then it needs to be compared to a control group. The
control group is a second group of organisms, chemical reactions or physical conditions for
which the independent variable has not been changed (Figure 5).

In biology, the effect of the amount of water on plants might
be investigated, where the independent variable is the amount . .
of water. The control group and the experiment group would
contain identical plants with the same soil, temperature, sunlight .x.
and air conditions. The control group would then receive a
standard amount of water, while the experiment group would
receive a different amount of water.

In chemistry, a control group might be a set of chemical
reactions that occur at a standard temperature, while the
experiment group’s reactions occur at an increased temperature. Experiment group
In physics, an experiment group of model cars might have a

mass added compared to the control group.

control group a
group of organisms,
chemical reactions or
physical conditions
that can be compared
to the group that has
had the independent
variable changed

&

Control group

Figure 5 An experiment to determine the effectiveness

of increased sleep on exam results requires matching

In psychology, the control and experiment groups must
contain the same number of people of the same ages and general
health. They should differ only in regard to the independent
variable being tested.

Positive control

The positive control is an individual test that makes sure that a positive result is possible.
For example, in a test to determine if a soap can Kill bacteria, a positive control is one where a
soap known to Kkill bacteria is used in the same method (Figure 6).

Figure 6 When testing the effectiveness of hand-washing with soap in killing bacteria, the positive control (A) will
see a known soap that can kill bacteria used when washing your hands, whereas the negative control (B) will just

involve washing your hands with water.

Negative control

A negative control is an individual test to check that the different materials will not affect
the dependent variable. For example, in a test to determine if a soap can kill bacteria, a
negative control would be to use water (without soap) to wash your hands.

Oxford University Press
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participants’ age, sex, food intake, amount of exercise,
amount of sleep and general health. Having similar
characteristics in each group reduces the number of
variables when comparing results.

positive control an
individual test that
checks that a positive
result is possible in
an experiment

negative control an
individual test that
checks that a negative
result is possible in
an experiment
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logbook a book
used to record

all the details of
experiments or
research projects

Modifying an investigation

When conducting an investigation, it is important to stay flexible and be willing to modify
our approach if new evidence or unexpected results emerge. For example, if we discover
that the temperature is affecting our experimental results in a way we did not anticipate, we
might decide to control the temperature more carefully or conduct the experiment in a more
temperature-stable environment.

Modifying our investigation based on new evidence allows us to refine our methods,
ensure more accurate results and address any issues that might affect the outcome. Being open
to change also encourages a deeper understanding of the problem, leading to more reliable
conclusions. This process of adjusting our methods helps improve the investigation and
ensures that the data we collect is valid and meaningful.

Using a logbook

All scientists, whether conducting fieldwork or laboratory experiments, keep a logbook to
record their research, observations and data. L.ogbooks can be paper-based or digital (with
regular back-ups to prevent data loss).

A well-maintained logbook should contain both expected and unexpected results. These
observations are crucial, as they might indicate new patterns or raise questions that lead to
further inquiry. If we make any modifications to our investigation method, these changes
should be recorded carefully. For example, if we decide to adjust the amount of a chemical used
or change the time interval between measurements, we should note these changes and describe
how they affect the results. By documenting these modifications, we can track how each
change influences the outcome, which can be invaluable when analysing the data or revising
our experimental approach.

Before starting any investigation, we should always write down the name of the
investigation and the date at the top of the page. This helps us stay organised and ensures
we can easily reference our investigation when writing formal reports, preparing for tests or
reviewing our work in the future. Properly recording this information keeps our research
structured and allows us to reflect on the progress of our experiments over time.

Setting up a logbook

All scientists have basic rules when using a logbook.

1 A logbook should be a bound notebook specifically for laboratory work or research. If you
use loose sheets of paper, you might lose them, and using a computer is only successful if
you make continuous back-ups of your data.

2 Your logbook should include your name, your school and your teacher’s name. This way, if
you misplace your logbook, you reduce the risk of losing all your data.

3 The logbook should contain a table of contents on the second page. This will help you
navigate your way through experiments and research when it comes time for your Student
research project. An example of a table of contents is shown in Table 1.

Use a consistent style for recording notes and data.

5 Every entry in your logbook should be dated.

You should record everything in your logbook in pen. If you make a mistake, simply cross
it out. Never use liquid paper or white-out tape; this ensures that everything is true and not
forged (including results!)

7 Entries should be clear and concise. You don’t need to use full sentences.

If you do use any loose paper or images, glue them down or sticky tape them so they can’t be lost.
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9 If you change anything about your research or  Table 1 Example of a table of contents for a logbook
an experiment, write it down. This will help

you see where you might have gone wrong Science area Experiment title Page number
and how you fixed it. Chemistry Rates of reactions 4

10 Record any observations during an experiment. | Biology Factors affecting plant growth 7
This will help you write your final report. Physics Newton’s first law 0

Risks: anticipate, recognise and eliminate

As scientists, we work with many hazardous materials when completing experiments. As a

result, we need to be aware of risks; anything that might affect our health or safety in the risk the potential for

laboratory. The laboratory is a safe place, provided hazards are anticipated, recognised, harm

eliminated or controlled. safety data sheet
(SDS) adocument
providing information

Safety data sheets about how to

minimise the risk

A safety data sheet (SDS) provides scientists and emergency personnel with information associated with the

on how to use a particular substance. An SDS also helps scientists understand more about use, handling and

how the chemical should be used during an experiment (Figure 7). i:g;gf;; hazardous
|

The various names of the SAFETY DATA SHEET

chemical Sodium Chloride: Hazardous chemical

This includes its chemical Section 1 - Identification

name and its common generic MSDS name: Sodium Chloride /I Contact details of the manufacturer

name, its Cl;\ncemramlm and Synonyms: Common salt; Halite; Rock salt; Saline; Salt; Sea salt; Table salt.

grfcﬂt;lrc. 20r cx:hmf . Company identification: Chemical company «

1 7h reol— -(me ly a;pm(f) Section 2 - Hazard(s) identification \ Hazard level of the chemical

-1-phenylpropan-1-ol is also . .

calllz d pqyeg doiphe drine. Eye and skin: May cause eye irritation. All chemicals should contain labels
Ingestion: Ingestion of large amounts may cause gastrointestinal irritation. relating to their particular dangers.

This may include flammability,

Ingestion of large amounts may cause nausea and vomiting, rigidity X o - .
corrosive ability, toxicity and ability to

or convulsions.

Physlca.‘l and chemical Inhalation: May cause respiratory tract irritation. cause long-term damage, such as
properties of the substance — L oo . . . cancers. The risks can be shown using
Everyone in a laboratory s - = C, = aredyoy QiR dierits descriptions or the symbols shown
should be able to easily Physical state: Solid in Figure 10.
identify the chemical. Appearance: Colourless or white
The SDS should include Odour: Odourless
the colour, smell, pH, Boiling point: 1413 deg C
flammability, solubility, Freezing/melting point: 801 deg C
melting and boiling points of Solubility: Soluble
the chemical. Specific gravity/density: 2.165
Molecular formula: NaCl
Molecular weight: 58
Section 4 - First aid measures [\
Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting What to do in the case of a
the upper and lower eyelids. Get medical aid. spill
Skin: Flush skin with plenty of soap and water for at least 15 minutes while This includes first aid
removing contaminated clothing and shoes. Get medical aid if irritation measures, any antidotes,

- - develops or persists. Wash clothing before reuse. symptoms that might result
Flre-ﬁghm?g measures Ingestion: If victim is conscious and alert, give 2-4 cupsful water. Get medical aid. from e)fposure. and if personal
Somc chemicals pru.duce Wash mouth out with water. protective equipment (PPE)
toxic fumes or are hlghly Inhalation: Remove from exposure to fresh air immediately. If breathing is difficult, “ recomme.nded for the
flammable. Other chemicals give oxygen. Get medical aid if cough or other symptoms appear. aiders. Advice may be needed
become more dangerous if \\‘ o = o on how to cover drains to
they are exposed to water. tion 5 - Fir '8 L prevent the chemical making
Firefighters may need General information: Water runoff can cause environmental damage. Collect water its way into ground water.
special equipment. used to fight fire. Wear appropriate protective clothing to prevent contact

with skin and eyes. Wear a self-contained breathing apparatus (SCBA) to
prevent contact with thermal decomposition products. Substance is
Usage instructions and noncombustible. /
restrictions Section 6 - Accid. I release es
Some chemicals may form a Spills/leaks: Vacuum or sweep up material and place into a suitable disposal container.
dust that can explee. For pitisfleaks: Clean up spills immediately, observing precautions in Section 8 - Exposure
ex'ample, workers in ﬂ.uur control and personal protection. Avoid generating dusty conditions.
mills need to be especially Provide ventilation.
aware of flour dust. This
section provides information [—T® Section 7 - Handling and storage
about how to safely handle Handling: Use with adequate ventilation. Minimise dust generation and accumulation. Protective measures
and store the substance to Avoid contact with eyes, skin, and clothing. Keep container tightly closed. Information on the eye and
minimise the risks. Store in a cool, dry, well-ventilated area away from incompatible face protection needed, the

type of gloves or skin

substances. Store protected from moisture. k !
| _—"] protection required and the

Section 8 - Exposure controls and personal protection — possible need for masks.
Engineering controls: Good general ventilation should be used.
Personal protective equipment
Eyes: ‘Wear safety glasses with side shields.
Skin: Wear appropriate gloves to prevent skin exposure.
Clothing: ‘Wear appropriate protective clothing to minimise contact with skin.

Figure 7 Example of a safety data sheet (SDS) from a manufacturer or certified provider

Oxford University Press Module 1 Working scientifically 17

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



Safety helmets Eye protection
must be worn in must be worn in
this area this area

Protective footwear
must be worn in

- Carcinogen present
Refer to COSHM Assessments
NO UNAUTHORISED
ENTRY

All personnel to
carry mini filter
within blue line ar

NO UNAUTHORISED
VEHICULAR ACCESS

St A
Figure 8 The hazards identified in an SDS are
displayed by many industries, including the mining
industry.

Writing a risk assessment

risk assessment the
determination of
quantitative or
qualitative estimate
of risk related to a
well-defined situation
and a recognised
threat (also called
hazard)

Writing a risk assessment is a crucial part
of any scientific investigation. It helps the
person conducting the experiment to identify
potential risks and plan how to prevent or
manage them if they occur.

A risk assessment table provides a
summary of possible hazards and outlines

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

The SDS can contain a lot of information, including the type of
protective equipment that must be worn (Figure 8 and Figure 9)
and the specific hazards of chemicals (Figure 10). The SDS can
also include the following.

*  How to dispose of the chemical safely. This section should
include the disposal containers which can be used, the effects
of sewage disposal and the special precautions needed to ensure
the safety of individuals and the environment.

*  How to transport the chemical. This section should include
any special precautions for transporting the chemical. This
may include the hazchem code (the code provided by the
government for each class of chemical).

e An Australian telephone number from which information about
the chemical can be obtained in an emergency.

e The date the SDS was last reviewed. The hazards identified
in the SDS are often used by industries to create safety signs
which they display around the work environment (Figure 8).

safety precautions, making the investigation
safer and more organised. Important details
to include in a risk assessment table are the
mass of solids, the volume and concentration
of solutions and any equipment used,

as these factors can significantly affect

the safety and risks associated with the
experiment. An example of a risk assessment
table is shown in Table 2.

Figure 9 Emergency workers in sealed positive-
pressure protective suits communicating with each
other

Table 2 A risk assessment table for an experiment involving a reaction between a magnesium ribbon and hydrochloric acid

Chemical Risk

200 mL of 1 M HCI HCl is corrosive and can

cause chemical burns.

Mg ribbon When reacted with HCI,
heat and hydrogen gas are
produced.

reaction.

Hydrogen gas produced by
the reaction

Hydrogen gas is flammable.

sparks.
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Precaution

Wear goggles and gloves to
protect the eyes and skin.

Use a small amount of
magnesium ribbon and
control the rate of the

Perform the experiment
away from open flames or

Management

If contact occurs, rinse
immediately with plenty of
water. Seek medical help if
necessary.

Conduct the experiment in
a well-ventilated area. If the
reaction is still too vigorous,
dilute the acid.

In case of a fire, use a fire
extinguisher to handle any
ignition of gas.

Oxford University Press
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Ethics

Ethics are a set of principles that provide a way to think when making decisions.
Sometimes when we make a decision, we use the rules that are written down, such as the
school rules or the laws of the government. Other times we use the rules that are not
written down. Some rules are set according to what is normal for the people around us.
For example, the unwritten rules in a science classroom may be different to the rules in a
physical education class. When playing sport, it might be normal to yell to a team
member, whereas yelling in a science classroom is not normal. Neither of these rules is
written down; however, everyone in the class will know them and behave accordingly.
The expectation that we should behave according to the values of those around us is
called the cultural norm.

Ethical approaches

When answering the question “Should we?”, scientists can use a variety of ethical
approaches. Two of the most common approaches are consequentialist ethics and
deontological ethics (Figure 11).

Ethical approaches

v v

Consequentialism Deontological

“doing the right thing
regardless of consequences”

“the end justifies
the means”

Are the actions
involved good or bad?

Are the consequences
good or bad?

Figure 11 A consequentialist approach to ethics considers the consequences. A deontological approach considers
duties and rules.

Consequentialist ethics

The consequentialist approach to ethics considers the consequences of an action in order
to decide whether an action is good or bad. This approach can also be described as “the
end justifies the means”.

If this approach was used by Alfred Nobel, a Swedish chemist, engineer and inventor,
he might have considered that his invention of dynamite (patented in 1867) was bad
because it had been used to kill many people, and that the science should not have been
investigated. Alternatively, if the consequence was setting up the Nobel Prize that led
to increased recognition of science and scientists and the promotion of peace, then the
overall action could be considered good.

Oxford University Press
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Figure 10 Pictograms
such as these are
often seen on the
labels of chemicals to
communicate specific
hazards.

ethics asetof
principles that
provide guidance
to determine what
is morally right and
wrong

cultural norm the
expectation that
you should behave
according to the
values of the people
around you
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Deontological ethics

In contrast, the deontological approach to ethics considers each action taken according to
a set of rules or duties. If an individual did the “right thing” at the time, then ethically it is

“good” despite the outcome.

Using this approach, Alfred Nobel did the right thing ethically because he wanted to stop

people being hurt by unstable nitroglycerine. The consequences of this decision are not as

important when using this approach.

Check your learning 1.3

Check your learning 1.3

Retrieve

1 Define the term “SDS”.
2 Define the term “bias”.

3 Define the term “placebo”.

Comprehend

4 Compare the terms “valid” and “reliable”.

5 Explain why a control group should have
participants with similar or comparable
characteristics to those of the experiment group.

6 Explain why it is important to review an SDS
before starting an experiment.

7 Explain why it is important to have all the names
of a chemical on an SDS.

Analyse

8 Identify the variables that need to be controlled in
an experiment that tests the following hypothesis.
Describe how you could control each variable.
Hypothesis: If the speed of a car is increased
from 60 km/h to 80 km/h, then the distance taken
to stop will increase from 27 m to 36 m because
the car will travel further before the driver reacts
and the braking distance will also increase.

9 Identify a positive control and a negative control
for an experiment where an electric circuit is
set up to determine whether a crystal is able to
conduct electricity.

10 Contrast repeatable experiments and
reproducible experiments.

Apply

11 Discuss how a scientist can avoid confirmation
bias when designing an experiment to test the
effectiveness of adding phosphorus to soil to
improve plant growth.

20 Oxford Science Stage 5 NSW Curriculum

12 Your class is investigating whether adding coffee

grounds to soil helps a plant grow faster. One
of your classmates suggests adding tea leaves to
the soil of a plant as a negative control. Evaluate
this suggestion (by defining a negative control,
comparing the definition to the student’s
suggestion and deciding whether adding tea
leaves would act as a negative control).

13 Determine the name and contact details

of the government body in your state that
regulates chemicals.

14 Using different ethical approaches can lead

to different opinions about what is right and
wrong. When this occurs, there is not always
a single correct answer to the ethical dilemma.
Instead, the consequentialist and deontological
approaches can be used to understand the
reasons for the different opinions and to provide
a common base to discuss the ethical decision
that each person would make.
a Is it ethical to:
i dissect humans post-mortem to determine
the cause of their death
ii test vaccines on animals to determine the
safety of the vaccines
iii test new drugs on humans to determine the
safety of the drugs
iv use foetal cell lines in the development of
vaccines
v dissect animals in science classes
vi develop new flexible plastic moulds (to
make ceramic false teeth) that do not
degrade
vii use Aboriginal and Torres Strait Islander
Peoples’ knowledge to develop a commercial
product without their permission?
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b For each problem:
i describe the issue using consequentialist ethics
ii describe the issue using deontological ethics
iii identify any conflicts between the two approaches
iv describe the decision you would make
v explain the reasons for your decision.

Lesson 1.4
Conducting investigations

Key ideas @

— When conducting an investigation, follow the procedure and wear appropriate safety Learning intentions
equipment. and success criteria

— Data should be presented in an easy-to-read format, such as a table, to help minimise
any data collection errors.

— If using secondary sources in your report, use a referencing method to identify where
you found the information.

Safety in the laboratory

When completing investigations, follow the laboratory rules

and work in a safe manner. Before starting your investigation,
put on protective equipment, including safety glasses, lab coat
and gloves. When setting up your work bench, ensure there is
sufficient work space. As you perform your procedure, keep in
mind any safety risks identified on your risk assessment. Store
equipment and any chemicals in a safe manner on your bench to
minimise chemical spills and equipment damage and breakage.

Equipment

The ability to set up and operate your equipment safely and
effectively will determine how accurate and reliable your data is.
For example, when investigating the relationship between
voltage, current and resistance in physics, a circuit diagram will
show the layout of the circuit (Figure 1). Once in the laboratory,

you must understand how to set up the circuit Correctly using Figure 1 Constructing an electrical circuit from a circuit
diagram may require problem-solving skills if the circuit

the wires, power supply and ammeter/voltmeter, and also how to dossn't work once connected.

manipulate the equipment if the circuit doesn’t work.
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Following the procedure

Following a planned procedure accurately ensures the reliability and validity of the
investigation. If errors occur along the way, you can restart that part of the investigation
(time permitting) and make a note of the errors in your logbook, or you can continue with
the investigation and discuss the impact of the errors on your final results and how the
investigation could be improved.

For example, during a chemistry experiment to investigate the effect of concentration on
reaction rates, you might realise that you accidentally used an incorrect volume of a solution.
In response, you could restart that part of the experiment with the correct measurements (if
time permits and extra materials are available), noting the mistake in your logbook.

Collecting and recording data

During the investigation, you will collect and record qualitative and quantitative data in your
logbook for later analysis. This is essential for drawing valid conclusions and evaluating the
outcomes of the investigation.

For example, you may be required to collect data at regular intervals using consistent units
of measurement, such as temperature every minute or height every day. To accurately collect
data and minimise errors, measurements should be double-checked before they are recorded,
and the data should be presented in a clear and structured manner, such as in a table (Table 1).
Qualitative data can also be recorded in the table or as a list in your logbook.

When recording the results of your experiments, your data should be neatly presented in a
table, using the following four steps.

1 Use a ruler to draw a table with the correct number of columns.

2 Write a table heading that describes the content of the table, such as “The change in water
temperature over time”.

3 Give each column a heading that includes the units (what the numbers in the column
mean), such as “Temperature (°C)”. The variable 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.

Table 1 Data presented in a table is easier to read and analyse.

The change in water temperature over time

Time (minutes) Temperature (°C) Observations

0 15 6 ice cubes in the beaker with water
1 18
2 25
3 32 3 of the ice cubes have melted and the remaining 3 are now half their original size
4 40
5 49
6 56 The Bunsen burner went out. Had to relight it.
7 58
8 63 Small bubbles appearing in the solution. All the ice cubes have melted.
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Errors

There are many variables that can affect the outcome of an experiment. Something as

simple as breathing on the scales can change the measurement of an object’s mass, or if

a person generates a small breeze by walking past quickly. These small, unpredictable
variations in measurements are called random errors. Random errors can be reduced if the
measurements or experiments are repeated.

Another error that can occur is a systematic error. These occur when there is an error
in the equipment that is used (such as scales that constantly measure the wrong mass) or in
the way the experiment is completed.

Repeating the experiment will not remove these errors. Instead,
checking the accuracy of the scales with a known weight (Figure 2)
or carefully checking that there are no other variables in the
method that will affect the outcome will minimise these errors.

Other ways to reduce errors include:

e using equipment that is more accurate and sensitive in taking
readings. For example, using a digital thermometer instead of
an alcohol thermometer.

* recording your results immediately once observed so they are
not forgotten or a mistake is made.

e controlling all the variables except the independent variable. Figure 2 Checking the accuracy of scales will minimise
e following the method carefully and consistently, as well as errors in data.
practicing using the equipment correctly.

Reliable secondary sources

A reliable secondary source is one that provides accurate, well-researched and credible
information from primary sources. These sources interpret, analyse and synthesise data
and information, offering insights that help deepen an understanding of the research topic.
Reliable secondary sources are typically created by experts, are peer reviewed and are
published in reputable scientific journals.

Referencing secondary sources

If you use a secondary source in your investigation report, you must reference the material to
acknowledge the original creators. This allows those reading your report to trace the sources
of information for further research and adds credibility to your work. Failing to reference
properly can lead to accusations of plagiarism (copying).

The most common referencing methods are listed below and have specific
formatting rules:
e Harvard
e Oxford
* American Psychological Association (APA)
* Modern Language Association (MLA)
* Chicago/Turabian.

Today, there are online referencing generators that will create your references after you
input all the required information. Your teacher will tell you which referencing method they
would like you to use.
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Check your learning 1.4

Check your learning 1.4

Retrieve

1 Explain why data should be recorded in a table.

2 Describe the way you can determine if secondary
sources are valid.

3 Identify three things you need to include in
a reference.

Comprehend

4 Explain why an experiment should have a clear
and detailed method.

5 Describe the factors that contribute to the validity
of an experiment.

6 Explain why you may not get exactly the same
outcome twice if you repeat an experiment.

Apply

7 Evaluate the claim that “an increased sample size
makes an experiment more reliable”. Justify your
answer by:

Lesson 1.5

— defining the terms “sample size” and
“reliable”

— explaining the effect of increasing the sample
size in an experiment

— deciding whether increasing the sample size
makes an experiment more reliable.

Scientists often have to present their findings to

the public in order to get action taken. Sometimes

this is difficult, so they need to be sure that their

findings are valid and reliable. Discuss how the

scientific method ensures that the findings are

valid and reliable by:

— defining the terms “independent variable”
and “dependent variable”

— describing the importance of controlling all
other variables

— identifying why it is important for the method
to be repeatable and reproducible.

Processing data and information

@ Key ideas

Learning intentions — There are two types of data: primary data and secondary data.

and success criteria

— Data can be represented in numerous ways, including graphs, keys, models, diagrams,

tables and spreadsheets.

— The type of graph used will depend on the type of data collected.

— The mean, median and mode (measures of centre) are used to analyse data

mathematically.

— Data can be extracted from texts, diagrams, flowcharts, databases and multimedia

resources.

— Data is analysed and used to support or refute a question or hypothesis. This data can
be used to solve problems that occur in the real world.
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Introduction

There are two types of data: primary data and secondary data. Primary data is data that primary data data
collected by the
person writing the
report

you collect from your own experiments. This data relies on the careful planning of the

experiment to make sure it is a valid experiment that produces reliable results. The second

form of data is collected by other people. This data is called secondary data. secondary data data
When analysing secondary data, it is important to ask a series of questions. These collected by someone

questions might be as simple as: else

e Is the data trustworthy?

e Where did the data come from?

e Why did the person collect the data?

e Is the data biased?

Representing data

Once data is collected from an investigation, knowing how to effectively organise and
represent the data is crucial for interpreting and communicating scientific findings.
Representations such as graphs, models, diagrams, tables (covered in Lesson 1.4 Conducting
investigations, page 21) and spreadsheets allow us to visualise patterns, trends and
relationships within data sets. These tools not only help in making sense of complex
information but also in presenting it clearly to others.

Choosing the right representation

Each representation has strengths and is useful in different situations. The key to effectively

organising data is knowing when and how to use each type of representation.

e Graphs are best for showing trends or relationships between sets of data.

e Models are used to simplify and visualise complex systems or processes.

e Diagrams are great for showing structures, processes or systems.

e Tables are useful to organise large amounts of data for easy comparison.

e Spreadsheets are ideal for storing, calculating and analysing data quickly and efficiently.
By using the right tools to organise data, we can make sense of the information we collect,

draw meaningful conclusions and communicate our findings clearly.

Keys
A key is a tool used in diagrams to help identify and differentiate objects or organisms based
on their features. Keys are used in biology to classify plants or animals. They typically use a
series of yes/no questions or choices that lead to the identification of a particular item.

For example, a key might ask: “Is the leaf shape broad or narrow?” or “Does the plant
have flowers or not?”

Using a key and working through the questions helps us identify the correct species or object.

Models

Models are representations of systems, structures or processes, and are used when the actual
system is too large, too small or too complex to study directly. Models can be physical (like a
model of the solar system), mathematical (such as a formula) or conceptual (like a flowchart).
Models help us understand how things work by simplifying complex ideas into something easier
to study and experiment with. For example, a model of the water cycle helps us understand how
water moves through the environment without needing to observe the entire process first hand.
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Diagrams

A diagram is a drawing or chart that shows the parts of something and how they are related.
Diagrams are commonly used to explain processes or systems. For example, a food chain
diagram shows the flow of energy from one organism to another in an ecosystem, or a
circuit diagram shows how electrical components are connected in a circuit. Diagrams

help us visualise the structure and function of complex systems, making it easier to grasp
key concepts.

Spreadsheets

spreadsheet a A spreadsheet is a digital tool that allows us to organise, calculate and analyse data in rows
digital tool that allows

you to organise, ..
calculate and analyse spreadsheets. Spreadsheets offer several advantages over traditional paper-based tables

and columns. Programs like Microsoft Excel or Google Sheets are popular examples of

data displayed in because they allow us to perform calculations, create graphs and sort or filter data easily.
rows and columns . .
For example, if we are tracking the growth of plants over several weeks, we could use a
spreadsheet to enter the plant heights and automatically calculate the average height, generate

graphs or track the changes over time.

Measurements and units

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

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

Notice that when the number is larger than the basic measurement, the prefix is a capital
letter. When it is only a fraction of the basic measurement, the prefix is a small letter (i.e.
lower case). For example, a megalitre, which is a million litres, is written as ML, whereas a
millilitre, which is one-thousandth of a litre, is written as mL. Kilograms is an exception to
this general rule. A kilogram is 1,000 grams, and its symbol is kg.

Table 1 SI system of units

Physical quantity Sl unit Abbreviation or symbol

Length metre m

Mass kilogram kg

Time second 8

Thermodynamic temperature kelvin K

Amount of a substance mole mol

Electric current ampere A
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Table 2 Standard prefixes and meanings

Prefix Symbol Value
peta P 10
tera T 102
giga G 10°
mega M 10°
kilo k 10°
centi c 1072
milli m 1073
micro n 10°°
nano n 107°
pico P 10712

Graphs

Meaning
one thousand million million
one million million
one billion
one million
one thousand
one-hundredth
one-thousandth
one-millionth
one-billionth

one-millionth of one million

There are many tools that are used to analyse the data of an experiment. One important tool

is a graph of the data. All graphs should have:

e the independent variable on the horizontal x-axis
* the dependent variable on the vertical y-axis

e adescriptive title

e units of measurement.

The type of data — whether discrete or continuous, qualitative or quantitative — affects
how we organise and represent it because different data types highlight different patterns or

relationships (Table 3).

Choosing the appropriate representation for each data type allows for clearer interpretation

of patterns, trends and relationships.

Table 3 Summary of data types and how they are represented

Type of data Description

Distinct, separate values like the
number of students in a class

Discrete data

Values within a range, such as
height or temperature

Continuous data

Description of characteristics like
colour or texture

Qualitative data

Numerical values like weight or
time

Quantitative data

Oxford University Press

Representation

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

Bar graph, table or pie chart

Line graph or histogram (to show
fluctuations over time or a range of
values)

continuous data
data that is measured
and can be any value,
such as height, mass,
speed, temperature
and distance

Categorical table or bar chart

Line graph, scatter graph or
histogram (to allow for precise
measurement and analysis)
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line graph a graph
used to display
continuous data that
is 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

line of best fit the
line on a scatter
graph that passes
through, or nearly
through, as many
data points as
possible to show any
overall trends in the
data
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Line graphs

Line graphs are used when both the independent variable and the dependent variable are
continuous data (Figure 1). This includes changes in variables such as temperature, speed or
population growth over time. Patterns are more easily observed as well as the relationship
between the independent and dependent variable.

Monthly average temperature in NSW

35

30

25

20

Temperature (°C)

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

—e— High temperature =~ —@— Low temperature

Figure 1 A line graph plots continuous data. In this graph, two data sets are included and are represented by
different colours to make it easier to interpret.

Scatter graphs

Scatter graphs are used when both the independent variable and the dependent variable are
continuous and may not be connected by a line. Occasionally a line of best fit can be used to
show the trend or direction of the relationship. A line of best fit is a straight line drawn
through a group of data points, showing the positive or negative relationship (correlation)
between two variables (Figure 2).

Mass related to height of 16-year-old males

190

180 ®

170 ° )/

Height (cm)
°
°

160 L]
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e
)
150
0 ‘;//
0 50 55 60 65 70 75 80 85 90

Mass (kg)

Figure 2 A scatter graph with a line of best fit

Qualitative data, describing characteristics like colour or texture, is best displayed as a bar
graph or column graph. These graphs are used when either the independent variable or the
dependent variable has discrete data. The main difference between a bar graph and a column
graph is that a column graph has vertical bars (Figure 3), while a bar graph has horizontal bars.
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Common features of graphs Percentage of blood types

in Australia’s population

There are four features all graphs have in common: o 50
1 a descriptive title of what the graph shows % 20
2 a grid that is used to plot the points or data g
3 the independent variable on the horizontal axis ; %
4 the dependent variable on the vertical axis. géf 20
Units should be included on each axis, in brackets, when relevant. § 10
N I -
¢ A B AB
EXtra p0|at|ng graphS Blood group phenotypes
Figure 3 A column graph is used
Graphs are used to show data and also to analyse data and make conclusions. to represent discrete data.
When drawing a graph, it is important to:
e label each axis (with units) l0f===mmmememcemeqecccs-amesesestescmmem—=————— »
e scale the axis so that it uses the space available '," i
e consider if the line should pass through the g" '/' :
origin (0,0) § s E
e plot the graph and draw the line of best fit E // i
e identify and explain any outliers (data points that 2 P !
are very different to the rest of the data). = :
Extrapolation occurs when data is estimated E
outside the known values. To extrapolate a graph, a % — % 6|0
line is drawn to estimate values beyond the available Time (s)

data. This can introduce errors to the data because
there is no data collected to support the conclusions
that have been made (Figure 4).

Figure 4 The data was only collected for 50 seconds. Extrapolating the
data to 60 seconds (blue dotted line) can introduce errors.

extrapolation
estimating unknown

Interpolation and making predictions values from trends in

known data

While extrapolation involves estimating values outside the known data, interpolation interpolation an

estimates values within the range of the data already collected. Interpolation is often estimation of a value
within the original

considered more reliable than extrapolation because it is based on data points that are within
range of the data

the observed range. To interpolate a graph, you simply use the existing data points to estimate
unknown values between them. For example, if you have data for

the mass of an object at 2 g and 5 g, you can interpolate to predict 2
the volume at 2.5 g by drawing a line and reading the value | < /
(Figure 5). 10 Jh

2 s
Reliability of predictions i’
5 6
Both extrapolation and interpolation allow us to make predictions < <
based on trends shown in graphs. Extrapolation should be done 4
cautiously, however, as it involves estimating data outside the known
range, which can lead to less accurate results. Interpolation, on the ’
other hand, uses existing data points and is generally more reliable 0 |
for making predictions within the known range. It is important to 0 1 5 3 4 5 6
consider the reliability of the predictions and whether additional Mass (2)

data could improve the accuracy of our results. Figure 5 Interpolation uses existing data points to

estimate unknown values and is more accurate than
extrapolation.
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Extracting information

Texts

When extracting information from texts, we should summarise the main ideas and note any
supporting evidence. For example, while reading an article on climate change, we might
highlight data on temperature trends and summarise the findings about the impact of
human activities.

Diagrams

Diagrams visually represent information, making complex data easier to understand. We
should focus on interpreting labels, symbols and relationships between components. For
instance, in a water cycle diagram, we would identify processes like evaporation, condensation
and precipitation, and demonstrate how they are interconnected.

Flowcharts

Flowcharts illustrate sequences of steps or processes, using arrows and boxes to indicate
the progression and decision points. For example, a flowchart explaining the steps of
photosynthesis would help us visualise the process more easily (Figure 6).

Databases

Databases store large amounts of data that can be queried and analysed, using search
functions and filters to find specific information. For example, using a database of animal
species might help to extract data on the population trends of endangered species over the
past decade (Figure 7).

Carbon dioxide
from the = Oxygen + Glucose
atmosphere

Light energy from the Water from the
Sun + atmosphere +

Figure 6 A flowchart can make it easier to follow a process than a diagram.
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FR A A LA Red List category Systems
» Taxonomy
» Red List Category e
» Land Regions
» Courtry Legends o
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» Theeas """‘ Temmestriol and Freshwater (= iead waters) and NVarine
@ .

» Habhats

» Conservation Actions Needed

» Research Needed
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» Publication Year
» Systems

» Biogeographical Realm Threats Habstats

Figure 7 The International Union for Conservation of Nature (IUCN) Red List is a database of threatened
species around the world.
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Multimedia resources

Multimedia resources include videos, animations and interactive tools, and use key visuals
and audio cues to display relevant information. For instance, if we watch a video on volcanic
eruptions, we might note the types of eruptions, the effects on the environment and how they
are detected.

Analysing numerical data

There are many ways to use mathematics to represent data. The measures of centre of a data
set are outlined in Table 4. Worked example 1.5A shows how to find the measures of centre of
a data set.

Table 4 How to determine the measures of centre of a data set

Measure Description

Mean * The expected or average value of a data set. mean the average

» Itis calculated by the formula: of a set of numbers

sum of all values calculated by adding

mean = the number of values the numbers and
v dividing by the total

Median e The middle value of a data set. number of values
» Itis calculated by placing all the values in order from lowest to highest and then median the middle
selecting the value in the middle. value in a sorted data
set
Mode ¢ The most common value of a data set.

mode the value
that appears most
frequently in a data
set

» Itis calculated by tallying how many times each number appears. The number that
appears the most is the mode.

Significant figures

Calculations with significant figures are essential in science to ensure precision and accuracy
in measurements and results. Following the rules for determining the number of significant
figures in results avoids overstating its precision.

With multiplication and division, the number of significant figures should match the
number of the least precise measurement in the calculation.

For example, when multiplying 4.56 (which has three significant figures) by 1.4 (which
has two significant figures), the product is 6.384. Since the least precise measurement (1.4)
has only two significant figures, the final result should be rounded to two significant figures,
which is 6.4.

This rule is similar when adding or subtracting values, but in this case, we look at the
number of decimal places.

For example, when adding 12.345 (which has three decimal places) and 7.12 (which has
two decimal places), the sum is 19.465. Since the least precise measurement (7.12) has two
decimal places, the final result should be rounded to 19.47.

Outliers

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

group of data. These values are called outliers and may be due to inaccurate measurements outlier a data point
. 1 A lier i 1 hat i ide th 1 fall oth that does not fit with

or experimental errors. An outlier is a value that is outside the normal range of all other the rest of the data

results. For example, an outlier may be observed in the data when measuring the height of

seedlings after 3 weeks of growth (Table 5).
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From the table, it is clear that seedling
5 is the outlier as it is outside the normal

Table 5 An outlier can affect the measures of centre. In
this case, the mean is lower if seedling 5, the outlier, is
included in the calculation.

range when compared to the other results.

The mean height of all the seedlings is Seedling number Height (cm)
3.4 cm. If seedling 5 was excluded, the 1 36
mean height would be 3.9 cm. This shows
how one outlier can affect the results. In 2 4.0
this case, the outlier has decreased the 3 4.1
mean and so it is not representative of the 4 4.0
growth of the seedlings. 5 o1

6 3.5

7 4.3

Worked example 1.5A Calculating mean, median and mode

A car travelled 100 m in the following times: 278 seconds, 167 seconds, 180 seconds, 208 seconds, 3 minutes.

Calculate the:

a mean b median

Solution

¢ mode.

Coeps | wnartoso | onmgow |

a. To calculate the mean for part a, all values
must be in the same unit (seconds).

b. Calculate the mean by adding all the values,
then dividing by the number of values.

C. To determine the median for part b, all the
values must be placed in increasing order.

d. The median value is the middle value.

e. The mode is the most common value in the
data set.

3 minutes X 60 = 180 seconds

278 + 167 + 180 + 208 + 180
5

mean =

1,013
5

= 202.6 seconds

Therefore, the mean is 203 seconds.

167 s, 180 s, 180 s, 208 s, 278 s

Median = 180 seconds

Mode = 180 seconds (appears twice in the data set)

Data which supports or refutes

To identify data that supports or refutes questions and hypotheses, the data must first
be analysed. This includes determining whether the independent variable affects the

dependent variable.

For example, we are investigating the effectiveness of fertilisers on crop yield. The

hypothesis might be, “if Brand A of fertiliser is used, then there will be a higher yield of crops

because it contains more nitrogen”. We would need to fertilise separate plots and measure
the crop yield. If the data shows Brand A consistently produces a higher yield, then the
hypothesis is supported. If the yields are similar or lower, then the data refutes (disagrees

with) the hypothesis.
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Proposed solutions

Data also helps to provide solutions to real-life problems. Whether we’re trying to solve
problems like pollution, health issues or traffic jams, data is key to finding out what works.
For example, if a city wants to reduce traffic, they might collect data on how many cars travel
on different roads at different times. Based on this data, they might propose solutions like
building new roads or adding bus lanes. After the solution is implemented, the city can collect
more data to see if traffic has improved. If the data shows traffic is still bad, it might mean
the solution didn’t work, and they may need to try something else. This is why data is so
important: it helps us test ideas, solve problems and improve the world around us.

Check your learning 1.5

Check your learning 1.5

Retrieve Analyse

1 Identify the symbol for: 11 Identify the number of significant figures in each
a millionths of a gram of the following measurements.
b billions of litres a 4522 mL
¢ thousandths of an ampere b 90s
d thousands of metres. c 8,000

2 Recall what an outlier is. d 3.005m

3 In your own words, define: 12 A student took the following measurements for
a mean an experiment:
b median V' = 5.6 volts, I = 2.97 amperes, ¢ = 3,000 seconds.
¢ mode. Using E = VIz, determine how many significant

4 Recall which variable is located on the horizontal
axis of a graph.
Comprehend

5 Explain why it is best to present our data in
table form.

Explain why graphs are used in scientific reports.

7 Describe how data helps us determine if our
hypothesis is supported or needs to be changed.
Provide an example from an experiment.

8 Explain why is it important to use data when
proposing solutions to real-world problems, like

traffic congestion or pollution. Provide an example

of where data might help improve a solution.
9 Describe what to do next if your experiment
shows data that refutes (disagrees with) your
hypothesis. Explain how this process helps
scientists learn more about the world.
10 Explain why extrapolating a graph can lead
to errors.

Oxford University Press

figures should be in the final answer. Justify
your answer.

13 A student measured the amount of hydrogen gas
produced from an acid and metal reaction. They
repeated the experiment five times to make sure
the experiment was reliable. The amount of gas
collected in each attempt is shown in Table 6.
Calculate the mean, median and mode for the
hydrogen gas produced.

Table 6 The amount of gas produced from an acid and metal
reaction

Attempt Amount of hydrogen gas (mL3)
1 1.68
2 2.54
3 2.05
4 1.69
5 2.05
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< Apply
14 The speed of a car travelling down an entry
ramp onto the freeway is recorded for 10 seconds.
Using the Figure 8, determine the speed of the
car at:

a = 6seconds
b =14 seconds.

Speed of a car over time

2‘15 r/
2N //
5 _A

0 2 4 6 8 10 12
Time (seconds)

Figure 8 Graph showing the speed of a car over time

15 Justify if the speed determined in question 14b is
reasonable. (Hint: Multiply your speed by 3.6 to
convert it to km/h.)

Lesson 1.6

16 Figure 9 shows a graph drawn by a student.

Identify all the errors on the graph.

200
175
120
30
20
0

| | LI | | | LI |
10 25 30 40 45 50 60 70 85 100

Figure 9 Graph drawn by a student

17 Construct a graph to best represent the
data in Table 7. Explain what has happened
during each month.

Table 7 The number of accidents that occurred at a local
shopping centre each month.

Month Number of accidents
January 3
February 4
March 5
April 5
May 8
June 13

Analysing data and information

Key ideas

®

Learning intentions
and success criteria

— Describing trends in graphs helps define the relationship between variables.

— To determine the validity and reliability of data, the investigation must measure the

intended variable and the data must be consistent across trials.

— Investigations must include a conclusion, identifying whether the hypothesis is
supported or refuted using evidence.

— Sources of uncertainty should be considered as well as alternative explanations for the

observed results.

— Information from secondary sources may not be true. Check who wrote it, where it is

published and if it is current.

34 Oxford Science Stage 5 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.

Describing relationships between variables

In science, we often look for relationships between different variables. For example, if we
are measuring how the height of a plant changes with the amount of sunlight it gets, the

amount of sunlight is the independent variable and the plant's height is the dependent

variable. In this case, we are looking for a relationship between the amount of sunlight and
the growth of the plant. Sometimes, the relationship might be clear, like when more sunlight
leads to taller plants. Other times, the relationship might be more complex or less obvious,

and we’ll need to collect more data or look for other factors that could be influencing

the result.

Interpreting graphs

Line graphs are the most common graphs

in scientific reports. These graphs show the
relationship between the independent variable
and the dependent variable. The shape of the
graph gives a hint as to how the two variables
are related (Figure 1).

When the line is horizontal, it means the
dependent variable is not affected by the
independent variable (Figure 2).

If the line is sloped down, the dependent
variable decreases as the independent variable
increases. This is called an inversely
proportional relationship (Figure 3).

Tite— Temperature (°C) and germination

Vertical axis

—

of wattle seeds (days)

—_
—_

Grid

/

w3

Germination time (days)

\x
T U U 1
0 10 20 30 40 50
N Temperature (°C)
Scales - Horizontal axis

Variable and unit

Figure 1 A line graph of the germination time of

wattle seeds versus temperature

Occasionally a graph is curved. These 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 of Figure 4) shows an inversely proportional relationship.

Figure 2 A horizontal line on
a graph means the dependent
variable is not affected by the
independent variable

Patterns and trends in data

Figure 3 An inversely
proportional relationship

0123456 738

Figure 4 A curved graph
into sections that show di
relationships.

is divided
fferent

When analysing data, one of the most important things we do is look for patterns and trends.
Patterns are regular or repeated arrangements of data points, and trends refer to the overall

direction or movement of data over time.
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relationship an
association between
two or more
variables; observed
when a change in
one variable causes a
change in another

inversely
proportional
relationship a
relationship between
two variables in
which the dependent
variable decreases
as the independent
variable increases

pattern when a set
of data repeatsin a
predictable way

trend the general
tendency of a set of
datatomoveina
certain direction
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Sample data from 1 week in For example, if we are looking at how the temperature

summer — max. and min. temperature

; changes throughout the day, we might notice a pattern where
06 30 /.’.\./_4 the temperature rises in the morning and falls in the evening. A
52 - ° P trend mlght be that the temperature generally increases over a
§ 20 g week during the summer (Figure 5).
a1 Recognising patterns and trends helps us understand
é 10 how things are changing and allows us to predict what might

° happen next. It is also important to look for inconsistencies

O Non Twe Wed Thur Tri  Sa.  Sum in the data; these are points that don’t fit the general pattern.

Day of the week For instance, if the temperature drops suddenly during
&~ Min. temp (°C)  ~=Max. temp (°C) the afternoon when the trend suggests it should continue

Figure 5 This graph shows a clear trend, with the rising, it could be an inconsistency (or an outlier) that needs
temperature rising towards the end of the week. further investigation.

Assessing first-hand data

To assess the validity of data, we consider whether the experiment accurately measures the
intended variable and whether external factors were controlled. To assess the reliability of
data, we check if the data is consistent across multiple trials and if the methods used are

precise and repeatable.

Valid and invalid data

Valid data

In an experiment to measure the effect of light intensity on photosynthesis, valid data
would show a clear relationship between light intensity and the rate of photosynthesis, with
controlled variables such as temperature and carbon dioxide levels kept constant.

Invalid data

If the same experiment is conducted but the temperature fluctuates significantly, the data
may show changes in photosynthesis rates that are actually due to temperature variations
rather than light intensity. This data would be invalid because it does not accurately measure

the intended variable.

Reliable and unreliable data

Reliable data

When measuring the speed of a chemical reaction at different temperatures, reliable data
would show consistent reaction speeds when the experiment is repeated under the same
conditions. For example, if we measure the reaction speed at 25°C multiple times and get

similar results each time, the data is reliable.

Unreliable data

If the same reaction speed experiment is conducted but the measurements vary widely each
time due to inconsistent timing methods or fluctuating temperatures, the data would be

unreliable. This inconsistency makes it difficult to draw accurate conclusions.
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Drawing conclusions

After completing an investigation, we can draw a conclusion that aligns with the data and conclusion a
statement that

. . .. “answers” the aim of
whether our hypothesis was supported or refuted (using data to support our findings) as well an experiment

as highlight the significance of the results.

observations collected, ensuring it is based on accurate and reliable evidence. We explain

For example, if testing whether more salt will be soluble in warmer water, a conclusion
could be:

“The experiment investigating the effect of temperature on the solubility

of saltin water demonstrated a clear relationship between these two
variables. As the temperature increased, the amount of salt that dissolved
in the water also increased. This observation is consistent with the scientific
concept that higher temperatures enhance the solubility of substances. The
data collected supports the hypothesis that temperature positively affects
the solubility of salt in water.”

Synthesising data and information

Synthesising data involves integrating information from various sources to create a well-
supported argument. This allows us to draw strong conclusions based on a wide range of
evidence. By combining data from studies, observations and resources, we can develop
arguments that are logical and evidence-based.

For example, when researching the impact of deforestation on local ecosystems, we might
use these sources for data and other evidence:
e climate data
e satellite images
e scientific studies
e surveys.

Integrating multiple sources of evidence presents a more comprehensive and
convincing argument, highlighting the importance of using a range of sources to support
scientific conclusions.

Sources of uncertainty

Recognising sources of uncertainty and considering alternative explanations are essential
for a thorough analysis of the data. This involves acknowledging limitations in the data and
exploring other factors that could affect the results.

Sources of uncertainty in an investigation can include the following.

*  Measurement errors: These can occur due to inaccuracies in the instruments used or
human error during data collection. For example, if a thermometer is not calibrated
correctly, the temperature readings might be inaccurate.

e Sample variability: Differences in the samples used for experiments can introduce
uncertainty. For instance, if studying plant growth, variations in soil quality or water
availability among different samples can affect the results.

* External influences: Uncontrolled external factors, such as changes in weather conditions
or environmental disturbances, can impact the data. For example, unexpected rainfall
during an outdoor experiment can alter the results.
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Alternative explanations

Considering alternative explanations involves exploring other factors that could potentially

explain the observed results. This helps in ensuring that the conclusions drawn are not biased.
For example, if an investigation looked at the effects of air pollution on respiratory

health, we should also consider other factors that could influence respiratory health, such

as allergens, weather conditions and lifestyle factors. These alternative explanations help us

understand that air pollution is not the sole factor affecting respiratory health.

Validity of secondary sources

On social media you may find people making big claims about the latest scientific research.
These claims cannot be trusted unless they pass validity and credibility tests. There are a
number of things to look for before we accept a claim as valid.

Who is the author?

It is always worth checking who wrote the article before reading their claims. Is the author
qualified in that field? During the COVID-19 pandemic, there were many “doctors” claiming
to know about vaccines and the spread of viruses, but many of these people were not qualified
in infection, epidemiology or even medicine. It is always worth asking, “What are the

author’s qualifications?”

Why was an article written?

Some articles are written by or paid for by companies that want us to buy their products.
Cosmetic companies claim that their skin cream will make us look younger, while car
companies claim that their new suspension system will make our car drive more smoothly.
Companies may write articles quoting scientific data to make their products look the best and
ignore data that disagrees with their claim. Always consider why an article was written and
whether it is biased towards a particular view.

Figure 6 (A) Peer-reviewed articles in science journals are valid secondary sources because they have been checked
by other scientists. (B) Posts and articles on social media are not always valid sources because they may not have
been checked for credibility, and posts can be sponsored by companies with their own agendas.

[s it current?

A current claim does not just mean the most recently written article. While the date on the
article is important, it is worth checking if the data matches other available data.

It is easy for a group of non-scientists to write an article each week with a new claim, but
it is important to check if the data is reproduced by other scientists. Does it fit with current
research or is it from the same group of people using a single set of data?
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Is the publisher reputable?

Social media has a wide mix of trustworthy as well as untrustworthy publishers. This also

happens with some online “scientific” journals. There are some websites that claim to be
scientific journals but are actually “pay to publish” sites. These websites publish any article
that is written as long as the authors pay the company. In 2005, Massachusetts Institute of
Technology (MIT) students used a computer to generate random science and jargon words in
a science paper. They then submitted the paper to a variety of science sites around the world.
Some sites published the fake science paper. A good publisher will always peer review a paper
before publishing. This means that the paper will be checked by other scientists who have
been trained in the area.

Check your learning 1.6

Check your learning 1.6

Revise

1

Define the following terms in the context of data:

a pattern b trend.

Comprehend

2

Describe the factors that contribute to the validity
of an experiment.

Describe what is meant by the phrase “pay

to publish”.

Explain what reliable data is.

Recall two places where we would find reliable
research. Explain why these sources are reliable.

Analyse

6

Contrast what is meant by the terms “current”

and “recent” in scientific publishing.

Identify a source of secondary data from social

media. Judge the validity of the claim made in the

information using the methods described.

Look at the following set of data showing the

temperature at different times during the day.

Describe the trend you notice in the temperature

data. Identify any inconsistencies and explain

what could cause them.

a 8am:20°C

b 12 pm: 25°C

¢ 2pm:30°C

d 5pm:22°C

e 7pm:18°C

The following data is from an experiment

measuring the growth of plants in two different

soil types.

a Describe the relationship between soil type and
plant growth based on this data.

Oxford University Press

b Explain if the data is reliable and justify your

reasoning.

» Soil A: Plant 1 = 15 cm, Plant 2 = 14 cm,
Plant 3 = 16 cm

» Soil B: Plant 1 = 10 cm, Plant 2 = 12 cm,
Plant 3 = 11 cm

Apply
10 Describe the relationship between the independent
variable and dependent variable in Figure 7.

Plant growth

Height of plant (mm)
O = NWE ULV J00 OO

| T 1 1 1 1 1 1 1

12345678910
Day measured

—eo— Dirt plant —e— Jelly plant

o

Figure 7 Height of plant versus day
measured

11 Identify which of the following doctors could
be trusted to comment on vaccines. Justify your
decision (by describing the qualifications of each
doctor and comparing these to the qualifications
needed to understand vaccines).

PhD of English literature
Veterinarian

Epidemiologist

12 Explain how data is used to draw evidence-
based conclusions.
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Lesson 1.7

Investigation: What if the
absorbency of different paper towels

was compared?

Purpose

To measure and compare the absorbency of
different brands of paper towel, which vary in their
cost per square centimetre

Materials

e Three brands of paper towel

e Ruler and pencil

e Scissors

e 100 mL measuring cylinder

e Small beaker of water with a dropper
e Stopwatch

e 250 mL beaker

e Calculator

*  Tweezers

Procedure

1 For one brand of paper towel, record the brand,
price, number of sheets and the dimensions of
each sheet in centimetres.

2 Cuta20cm x 20 cm square from one sheet
from the brand of paper towel being tested.

3 Fill the measuring cylinder with water to the

100 mL mark, using the dropper for the last 2 to

3 mL. Ensure that your eyes are level with the
scale to avoid parallax error.

4 Use tweezers to immerse the square of paper
towel in the water in the measuring cylinder for
10 seconds. Use the stopwatch for timing. Hold
the paper towel above the measuring cylinder,
without squeezing the towel, for another
10 seconds, then remove it and place it in the
250 mL beaker.
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5 Record the level of water left in the measuring
cylinder and, hence, the volume of water
absorbed by the paper towel in 10 seconds.

6 Complete two more trials by repeating
steps 2 to 5.

7 Repeat steps 1 to 6 for the other brands of
paper towel.

Results

¢ Calculate the total surface area and the cost
per square centimetre for each paper towel,
and record your results in a table.
— The total surface area of the paper towel
roll is calculated as follows:
A =1 x w x number of sheets of paper towel
— The cost of paper towel per square
centimetre is calculated as follows:

cost of roll

cost of paper towel =
total area of roll

Calculate the average volume of water

absorbed per 20 cm square of paper towel and

record your results in a table.

— The average volume of water absorbed per
20 cm square is calculated using the results
from the three trials as follows:

average volume of water

_ volume 1 + volume 2 + volume 3
- 3

e Draw a bar graph to show the average volume
of water absorbed for each brand.

e In your graph, place the brands in order from
least expensive to most expensive. On each
bar, state the price per square centimetre of
that brand.

Oxford University Press
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DiSCUSSion 5 Explain if the data supports or refutes your
purpose and hypothesis.
1 State the reasons for the following. 6 Explain if the measurements you recorded for
a Three readings were taken each time and each brand of paper towel were precise.
then averaged. 7 Describe any problems you may have
b The same-sized square was used each time. encountered when collecting the data and how
¢ The cost of the paper towel per square the data collection process could be improved.
centimetre was calculated and used instead 8 Identify how an investigation could be
of the total cost of the roll. modified based on the data collected and if the
d Each square of paper towel was allowed purpose or hypothesis was refuted.
to drip for precisely 10 seconds before 9 Predict, using your data, what volume of water
removing it from the water. would be absorbed if the paper towel was a:
2 Compare the absorbency of the different a 10 cm square
brands to the predictions you made in b 40 cm square.

your hypothesis.
3 Evaluate the validity (by identifying any

variables that might not have been controlled) Cond usion
and reliability (by describing whether you or From your graph, identify any apparent relationship
other scientists will achieve the same results) between the cost of the paper towel per square
of this investigation. centimetre and its absorbency. Provide evidence

4 Identify the limitations of these results (by (by mentioning values) from your results to support
describing how testing with other solutions your answer.

may achieve different absorbency).

Lesson 1.8
Problem solving

Key ideas @

— Problem solving uses various strategies, such as trial and error, brainstorming and Learning intentions
algorithms. and success criteria

— When developing evaluation criteria for solving a problem, the criteria must be clear
and measurable and must align with the goals of the problem.

— Cause-and-effect relationships and models are used to make predictions based on
observations and existing data.

— There are many approaches that are used to solve problems, including investigations,
fieldwork, “pros and cons” lists, and “strengths, weaknesses, opportunities and threats
(SWOT)" analysis.

— In the media, claims are regularly made about products or ideas. It is important to
assess these claims before making an informed decision.
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Introduction

Solving problems is not just about finding any solution; it is about selecting the right
strategies, evaluating different approaches and using evidence to support conclusions.
Whether we are investigating how to reduce pollution, increase plant growth or improve a
product, the steps we take in solving a problem are crucial.

Strategies to solve a problem

A strategy is a plan of action designed to achieve a specific goal. There are a variety of

problem-solving strategies used to investigate problems. These include the following.

¢ Trial and error: Trying multiple solutions until one works, but this can take a long time

¢ Algorithms: Using a procedure or mathematical formula

¢ Brainstorming: Collaborating with peers to generate a wide range of ideas and solutions

e Simulation and modelling: Using computer simulations and models to predict future
patterns based on current data

¢ Comparative analysis: Comparing different data sets or case studies to identify patterns
and draw conclusions

¢ Hypothesis testing: Forming a hypothesis and conducting an investigation to test it

¢ Root cause analysis: Identifying the underlying cause of a problem to solve it

¢ Decision matrix: Using a grid to evaluate and compare multiple options based on
specific criteria.

Evaluation criteria

When developing evaluation criteria for solving a problem, it’s important to ensure that the
criteria are clear and measurable and that they align with the goals of the problem. Some
suggested criteria include the following.

¢ Define the problem and its goals: What do you aim to achieve?

¢ Identify relevant variables: What factors (e.g. environmental, economic) will affect the
solution’s success?

e Make criteria specific and measurable: Use clear, quantifiable terms (e.g. “increase plant
growth by 5 cm in 2 weeks™).

e Accuracy, reliability and validity: Is the data precise and correct? Will the results be
consistent when repeated? Does the method measure what it intended to measure?

e Effectiveness: How well will the solution work once the problem is solved?

¢ Consider different perspectives: Think about social, ethical, environmental and
economic factors.

e Assess feasibility: Can the solution be implemented realistically within the available time
and resources?

e Safety: What risks need to be considered?

e Refer to industry standards: Use established guidelines or expert recommendations.
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Worked example 1.8A Evaluation criteria for investigating plant growth

A student aims to investigate which natural fertiliser — compost or manure — promotes
the best plant growth. The investigation involves selecting fertilisers, applying them to
identical plants and then measuring the growth over a set period.

Solution

Define the problem and = Problem: Which natural fertiliser promotes the best growth in
its goals plants?
Goal: To determine which of the two natural fertilisers (compost
or manure) produces the greatest increase in plant height and
overall health over 4 weeks

Identify relevant Type of fertiliser: Compost or manure

variables Amount of fertiliser: Measured in teaspoons or tablespoons
Application frequency: Every 2 days or once a week
Watering schedule: How much water the plant gets and how
often
Type of plant: Plants must be the same species to avoid
variations in growth due to species differences

Make criteria specific Effectiveness: Measure plant height at the start and end of the 4
and measurable weeks. The fertiliser that increases the plant height by the most
(in centimetres) is considered the most effective.

Consider different Ethical: Are the fertilisers eco-friendly and safe for the

perspectives plants and environment? Does one fertiliser include harmful
chemicals?
Economical: Is the solution cost-effective in a small-scale
experiment?

Assess practicality Compost: Feasible and easy to get, requires little effort to apply

Manure: Feasible but may require more careful handling and is
less convenient for indoor use

Cost: Total cost of the fertiliser should be under $10 for the
duration of the experiment

Evaluate risks Compost: No significant risks but may attract pests if not
applied properly
Manure: Risk of over-fertilising if applied incorrectly; the smell
could be unpleasant

Refer to industry Compare results: Compare your results to other research or
standards similar experiments involving fertilisers.
Oxford University Press Module 1 Working scientifically 43
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Cause-and-effect relationships and models

We often use cause-and-effect relationships to explain how one event leads to another.
For example, if you increase the temperature of a substance (cause), the particles move
faster, which increases the rate of reaction (the effect). Higher temperatures provide more
energy to the particles, allowing them to collide more frequently and with greater force,
leading to a faster reaction. Understanding cause-and-effect relationships helps scientists
make predictions.

Models are also useful in explaining
these relationships. A model is a simplified : " S
version of something that helps us
understand complex ideas. For example,

Bursay Home » Musiraia > New South Wales Weather and Warnings Summary
New South Wales Weather and Warnings S y

) A Mo warnings for New South Wakes
a particle model shows how particles i
Forecasts Observations Past Weather

us understand how matter changes in Sviney forecast
different conditions. Mathematical models e

behave in solids, liquids and gases, helping

Al cbservatians Data and graphs

are used to simulate the interactions of

Radars

particles in complex systems, allowing us
to understand the complex nature of the
moving particles.

Sydwy rudaf

L Y T
[oddocils SHRCE | EESvSeS
SRl

In the real world, models are tools that
make predictions about future events.
Meteorologists use computer models
to predict conditions based on current

] ; Figure 1 The Bureau of Meteorology uses models to
atmospheric data (Figure 1). When we make predictions about the weather based on data (website

check the weather for the day or week, we accessed May 2025).
receive information about temperature,
humidity, windspeed and rain.

By using cause-and-effect relationships and models, scientists make informed predictions
about what might happen in similar situations in the future. These predictions guide
experiments and lead to new discoveries.

Approaches used to solve problems

A scientific approach is a method that is used to solve a problem, and there are various
approaches that are used. Comparing different methods helps to determine which is most
effective based on evidence and scientific principles, while understanding the strengths and
limitations of each approach.

These approaches include:
¢ laboratory experiments (see Lesson 1.3 Planning investigations, page 10)
e fieldwork (see Lesson 1.3 Planning investigations, page 10)
¢ modelling and simulations
e comparative analysis
e writing a pros and cons list
¢ conducting a SWOT analysis
e creating cause-and-effect diagrams.

44 Oxford Science Stage 5 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.

Pros and cons list

A pros and cons list is a simple tool used to evaluate the positive and negative aspects of a
problem. By listing the pros and cons, we can weigh the advantages and disadvantages and

make an informed decision (Table 1).

Table 1 A pros and cons list on whether to investigate the effects of a new fertiliser on crop yield

Pros
Increased crop yield
Improved soil health
Economic benefits

Scientific advancement

SWOT analysis

Cons
Cost
Environmental impact
Uncertain results

Resistance to change

pro an advantage
where the outcomes
are favourable

con adisadvantage
thatis arisk or
unfavourable
outcome

}4 .

¥ p—

A SWOT analysis looks at the strengths, weaknesses, opportunities and
threats of a solution to a problem (Figure 2). The strengths of a solution

Weskness

are the things that can be solved well, whereas the weaknesses are things

that cannot be solved well with the suggested solution. Opportunities

are the benefits of the solution. Threats are external; for example,

government restrictions.

Cause-and-effect (fishbone) diagram

A cause-and-effect diagram (also known as a fishbone diagram or

Ishikawa diagram) focuses on identifying the
problem; for example, climate change. It then
identifies the main causes of the problem;

for example, human activities. Once the
main causes are identified, sub-causes are
determined; for example, human reliance on
fossil fuels and deforestation. These are often
drawn as a fishbone diagram.

Evaluating claims using
scientific knowledge
and evidence

Habitat

Lack of trees

()Wo{)fwm ThteaT

Figure 2 A SWOT analysis grid

Bushfires

Declining
B Loala

Loss of food

population

Figure 3 A cause-and-effect diagram

When we hear claims, whether in the news, from advertisements or from our family

and friends, it is important to assess whether those claims are scientifically valid before

making an informed decision. To do this, we should use scientific knowledge and

evidence from investigations to determine whether the claim is credible. This involves
recognising the limitations of the study, assessing the reliability of the data and considering

alternative explanations.

For example, when evaluating a claim about the effectiveness of a new medication, we
should review who conducted the trials, how the trials were run, the sample size, control
groups and any biases, as well as the type of data collected. By using scientific knowledge and
investigating the claim, we can make a more informed judgement about whether the claim is

based on evidence or if it is misleading.

Oxford University Press
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Check your learning 1.8

Check your learning 1.8

Retrieve
1 Name three strategies scientists use to solve
problems.

2 Explain what the term “cause-and-effect
relationship” means in science.
3 Describe what a SWO'T analysis is and what it

for cleaning agent 1 lists the strengths as “cost-
effective” and “works quickly”, but a weakness

as “harsh chemicals”. Cleaning agent 2 has

the strength of “natural ingredients”, but the
weakness of “higher cost”. Based on this analysis,
explain which cleaning agent the scientist might
choose and why.

stands for.
8 Global warming is a current issue that is having

Comprehend an impact on weather patterns and ecosystems.
4 Describe how a cause-and-effect diagram might Use Table 2 to:

help solve a problem in an experiment. a identify any trends or patterns in the data
5 Explain how models are used to make predictions b predict the monthly average maximum

in scientific problem solving. temperatures for 2025 and justify
6 Identify the strengths and limitations of the your reasoning.

following problem-solving approaches. Apply

a Fieldwork

9 Water pollution is a significant environmental

b Modelling and simulations issue that affects ecosystems and human health.

¢ Pros and cons list Investigate the various causes of water pollution

d SWOT analysis in a local river and create a cause-and-effect

e Cause-and-effect diagrams (fishbone) diagram to illustrate your findings.
Analyse 10 Select and propose solutions to evaluation criteria

7 A scientist is testing the effectiveness of two
different cleaning agents. They use a SWOT
analysis to evaluate the two options. The analysis

designed to investigate air pollution, knowing that
air pollution affects people’s health and lifespan.

Table 2 Monthly average maximum temperatures (°C) in NSW in 2023 and 2024

Month 2023
January 29.5
February 29.0
March 275
April 24.0
May 21.0
June 18.0
July 17.5
August 19.0
September 22.0
October 25.0
November 27.0
December 18.5
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2024
30.1
290.8
28.2
24.5
21.5
18.3
17.8
19.4
22.5
255
27.6
29.0
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Lesson 1.9
Communicating

Key ideas @

— Scientific communication requires the author to modify their language to suit the Learning intentions
audience. and success criteria

— Scientific reports communicate scientists' findings and arguments in a clear and
concise way.

— Scientific reports are written in a specific manner; for example, in the third person.

— Scientists use the content of a scientific report to persuade readers of their point of
view based on the authority of the text.

Introduction

Like all forms of communication, the way we communicate in science depends on the
audience. If the audience does not know the key words or concepts that we are discussing,
then we need to use simple diagrams, models and language so they can understand what we
are saying. For example, two physicists may say, “Potential energy was added to the rubber
band”, whereas a teacher may explain that, ““The rubber band was stretched”.

How to present a scientific argument

To present an effective scientific argument, we use evidence to support our argument, and scientific argument
an explanation based

. .. . on evidence rather
purpose of our investigation. Our argument must be relevant and be understood by others in than belief or opinion

the specific community we are addressing.

correct scientific language and terminology. This will depend on our audience and the

Evidence

For example, if we are arguing that climate change is affecting local weather patterns, then we
should present data on temperature changes, precipitation levels and extreme weather events.
By using evidence, we demonstrate the validity of our arguments and persuade the audience
of our point of view.

Scientific language and terminology

Using correct scientific language and terminology is essential for precision and clarity.
Scientific terms have specific meanings that convey complex concepts accurately. For
example, when discussing chemical reactions, we should use terms like “reactants”,
“products” and “catalysts”. This ensures that our arguments are understood by others in the
scientific community.

When communicating with non-specialist audiences, we can explain technical terms when
necessary and avoid complex scientific terminology.
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Writing a scientific report

Scientists write reports so that their investigation and results can be reviewed by science-
trained colleagues or peers. Both the writer and reader are science trained, so these reports
will contain many terms that have particular meanings. For example, the word “significant™
can mean “important” when used by a person on the street. But to a scientist, the word
“significant” means that a result is “not due to chance”. The words in a scientific report
need to be chosen carefully. Clear and detailed writing ensures that others can replicate the
experiment and verify the results.

All scientific reports have common sections and headings. Table 1 explains each section
that you will need to include in your scientific report.

Table 1 Sections of a scientific report

Section
Title

Abstract

Introduction

Aim

Hypothesis

Method

Results

Discussion

Conclusion

References

unbiased showing
no prejudice for or
against something

objective without
bias or prejudice
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Description

The title is a statement that includes the independent variable and the dependent variable.

The abstract is presented on its own page at the start of a report.

It offers a brief summary (no more than 250 words) about the aim, results and conclusion of an
experiment. (Hint: We can read this to determine if the research is relevant to our topic.)

The introduction summarises any previous experiments that you have completed.
It describes the key concepts being examined and how they are related to your hypothesis.

The aim is a statement of what you are trying to achieve in the experiment.

The hypothesis is a prediction of how the independent variable will affect the dependent variable and
the reasons for the outcome.

If ... <how the independent variable will change> ... then ... <how the dependent variable will
change> ... because ... <reason for the change>.

The method is a list of materials, containing the concentrations and brands.

It provides step-by-step instructions or a brief description (in the past tense) that enables someone to
repeat the experiment.

Safety advice or a risk assessment is included.

Relevant labelled diagrams are included where necessary.

The results data is presented in a table, graph or diagram.
A written summary of the results (stating facts without conclusions) is also included.

The discussion section analyses the results by:

describing the relevant science concepts that occurred in the results
drawing conclusions from the results

comparing the conclusions to the hypothesis

describing how the results apply in the real world.

The conclusion answers the aim of the experiment by:

comparing the conclusion to the aim
describing the limitations of the experiment (by describing situations where these results would not apply)
describing another investigation that could be conducted to confirm or extend the conclusions.

The references include any sources that you used to research the scientific concepts or definitions.
There are different ways to write a reference. Check which style is preferred by your school.

Most scientific communications use APA style (American Psychological Association). For example:
Silvester, H. (2023). Oxford Science 10 Australian Curriculum (2nd ed.). Oxford University Press.

PRI

When writing reports, scientists also avoid using the first person (“I7, “we”,

EEINTY

me”, “you”,

“us”, etc.). All science should be unbiased and objective.
Scientific reports and papers are written in the third person so that the communication
remains objective, rather than it being based on the opinions or beliefs of individuals.
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Scientists usually use past tense when they write a report because they are describing

something they have already completed. If results were described in present tense (the now)
or future tense (the later on), then the reader or listener would not be sure if the experiment
was finished.

Examples of the differences between scientific language and common language are given
in Table 2.

Table 2 Scientific language compared to common language

Scientific language Common language
The equipment was set up. I set up the equipment.
The mass of the beaker was measured. We weighed the beaker on the scales.
The beakers were heated to 50°C. (Past tense) Heat the beakers to 50°C. (Present or future instruction)
The two trolleys were pulled apart. (Past tense) Pull the two trolleys apart. (Present or future instruction)
The metal was malleable. The metal could be bent into any shape.
At 6:15 am, a single magpie sitting on a protruding tree I think it was a magpie that sang the warbling song that woke
branch called loudly for 30 seconds. me up in the morning.
The mass of sodium bicarbonate was identified as a possible We could have improved the experiment if we were more
random error. organised and measured the amount of bicarb properly.

Writing scientifically

Writing scientifically is different to writing an English essay. For example, read the next
two paragraphs.

Descriptive: The flower was pink with very soft, delicate petals. It smelt like spring and
filled the laboratory with a lovely scent as it got warmer. As it got hotter, the flower’s petals
wilted in the steam.

Scientific: A beaker containing one rose and water was placed above a Bunsen burner
to heat the water. When the water reached its boiling point, some of the water evaporated,
producing steam. The heat from the steam caused the rose to wilt.

<« X 25 academic.oup.com w o & e

(3 S B & sionintvoush yourinsation |
OXFORD

ACADEMIC

Subject v Journals Books

Research with impact

Oxford Academic is Oxford University Press's academic research
platform, providing access to over 50,000 books and 500 journals.

Explore journals > Explore books >

Figure 1 Scientific texts are available from publishing companies, universities and journals, and their credibility
helps build trust with readers.
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The descriptive sentence tells us what happened, but it does not give a scientific
explanation for the behaviour of the flower. The scientific description offers a summary of
what happened to the flower and why the flower reacted. It is important to be concise when
writing scientifically and not include irrelevant information.

The role of scientific texts

Scientific texts present information that is logical, evidence-based and authoritative
(Figure 1). By understanding the techniques used in these texts, we can critically evaluate the
arguments and determine their validity.

Scientific texts cite reputable sources, use precise language and follow established
scientific conventions, while also appealing to our logic and values. This builds trust and
credibility, and makes their arguments relatable and persuasive.

Check your learning 1.9

Check your learning 1.9

Retrieve a [ measured the speed of a skateboard.
1 Identify what should be included in the discussion b The acid made lots of bubbles appear on the
section of a scientific report. side of the metal.
2 Outline the correct order for the following items ¢ When I put my hand in the water, it felt very
in a scientific report. cold. I think it was 15 degrees.
a Discussion 7 Explain why Wikipedia is not a credible source
b Method for scientific texts.
¢ Results Analyse
d Abstract 8 Contrast the common meaning and the scientific
e Introduction meaning of the word “significant”.
f Conclusion 9 Compare the information that is written in the
g Aim results and discussion sections.
Comprehend 10 Read the following two sentences. Assess which
. L. . . ) sentence uses scientific writing, and explain why
3 Explain why scientists avoid using the first person

. ] it is scientific.
to describe the results of an experiment. o . )
a At 40°C,icy poles were softened in their

4 Explain what might happen if a scientist left a o
p . & PP packets and vanilla ice cream was melted.
step out of their method. .
) ) . o b On a very hot summer day, Sally noticed her
5 Explain what might happen if a scientist included .. .
] ¢ ) ol in thel delicious vanilla ice cream was completely
an extra piece of equipment or material in their : :
] lpl ) qauip melted and was almost like a milkshake. She
materials list. . . .
) ) ] also noticed that her fingers were sticky holding
6 Re'zwn'te. the following statements using onto a lemonade icy pole for her brother.
scientific language.
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Lesson 1.10

Review: Working scientifically

summary

Lesson 1.1 Observing

* In scientific investigation, measurements can
only show that a hypothesis is supported or not
supported if the measurements are accurate.

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

e Each scientific measuring device must have a scale
appropriate to the required accuracy.

¢ To obtain measurements, we must observe the
values on the measuring device.

Lesson 1.2 Questioning and predicting

* Before we begin a scientific investigation, we need
to come up with a question first.

e The question we come up with must have
measurable parts.

* A hypothesis is the predicted outcome of the
investigation and links the dependent and
independent variable.

e The hypothesis is written as an “If ... then ...
because ...” statement.

Lesson 1.3 Planning investigations

» Investigations must be valid and reliable.
e Bias can affect the outcome of an investigation.

* Controlled investigations need to have control

groups and may have positive and negative controls.

* Types of scientific investigation include case
studies, modelling or simulations, quantitative
analysis and controlled experiments.

e Data can be qualitative or quantitative.

e The following variables must be considered in an
investigation: controlled, independent, dependent
and confounding.

e Data should be kept in a paper-based or
digital logbook.

e Before performing an investigation, all risks should
be identified in a risk assessment.

*  When considering whether or not to undertake
an investigation, scientists must ensure their
investigation is ethical.

Oxford University Press

Lesson 1.4 Conducting investigations

When conducting an investigation, follow the
procedure and wear appropriate safety equipment.
Data should be presented in an easy-to-read
format, such as a table, to help minimise any data
collection errors.

If using secondary sources in your report, use a
referencing method to identify where you found
the information.

Lesson 1.5 Processing data and information

There are two types of data: primary data and
secondary data.Data can be represented in
numerous ways, including graphs, keys, models,
diagrams, tables and spreadsheets.

The type of graph used will depend on the type of
data collected.

The mean, median and mode (measures of centre)
are used to analyse data mathematically.

Data can be extracted from texts, diagrams,
flowcharts, databases and multimedia resources.
Data is analysed and used to support or refute a
question or hypothesis. This data can be used to
solve problems that occur in the real world.

Lesson 1.6 Analysing data and information

Describing trends in graphs helps define the
relationship between variables.

To determine the validity and reliability of data, the
investigation must measure the intended variable
and the data must be consistent across trials.
Investigations must include a conclusion,
identifying whether the hypothesis is supported or
refuted using evidence.

Sources of uncertainty should be considered as well
as alternative explanations for the observed results.
Information from secondary sources may not be
true. Check who wrote it, where it is published and
if it is current.
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Lesson 1.8 Problem solving

e Problem solving uses various strategies, such as trial
and error, brainstorming and algorithms.

e When developing evaluation criteria for solving a
problem, the criteria must be clear and measurable
and must align with the goals of the problem.

* Cause-and-effect relationships and models are used
to make predictions based on observations and
existing data.

e There are many approaches that are used to solve
problems, including investigations, fieldwork,
“pros and cons” lists, and “strengths, weaknesses,
opportunities and threats (SWOT)” analysis.

Review questions 1.10

Review questions Module 1

Retrieve

1 Identify the most appropriate definition of

“independent variable”.

A The variable that is measured

B The variable that is controlled

C The variable that is deliberately changed by
the scientist

D The variable that is measured at the end of
the experiment

2 Identify which of the following statements is correct.

A Correlation means causation.

B Data is described in the method section of a
scientific report.

C Data is analysed in the results section of a
scientific report.

D A safety data sheet (SDS) should include the
personal protective equipment (PPE) to be used
for a chemical.

3 Identify which of the following scientists could be

trusted to make a claim on the growth rate of plants.

A General practitioner in medicine (GP)
B Chiropractor
C Master of botany
D PhD in epidemiology

4 Identify the main steps used when conducting
an experimental investigation using the
scientific method.

5 Define the term “variable”.
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In the media, claims are regularly made about
products or ideas. It is important to assess these
claims before making an informed decision.

Lesson 1.9 Communicating

Scientific communication requires the author to
modify their language to suit the audience.
Scientific reports communicate scientists' findings
and arguments in a clear and concise way.
Scientific reports are written in a specific manner;
for example, in the third person.

Scientists use the content of a scientific report to
persuade readers of their point of view based on the
authority of the text.

Identify why consumer scientists are interested in
what can be observed and tested, rather than in the
slogans and claims of manufacturers.

A student conducts an experiment where they
measure the amount of mass produced over time.
They collect data for up to 50 seconds and then
create the graph in Figure 1. Recall the term that
describes what they have done with their graph.

0 ]
4
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0 ) 50 60
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Figure 1 A graph created by a student

8

Identify three types of information that should be
included on an SDS.

Identify the most accurate way to measure each of
the following in your school science laboratory:

a time
b mass
c length.

Oxford University Press
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10 Define the following terms:
a valid
b reproducible
¢ accuracy.
Comprehend

11 Describe how scientists find out about the safety
risks involved in an experiment they are planning.

12 Suppose you are conducting an experiment
in which you have identified six variables.
Explain how you can be sure of the effect of one
particular variable.

13 Explain why beakers are not used to measure
precise volumes.

14 Explain why every experiment should have a large
sample size.

15 Explain why it is important that scientific papers
are peer reviewed.

Analyse

16 Define and contrast independent, controlled and
dependent variables.

17 A student has written a report using information
they read in an article posted on social media by an
influencer. Consider whether the student has used a
valid secondary source.

18 Calculate the range of the measured lengths if two
pieces of wood (5.2 £ 0.1 cmand 2.3 £ 0.1 cm)
were added together.

19 A student used a measuring cylinder to measure
two volumes of 15 mL and 18 mL. The uncertainty
for both measurements was 0.2 mL. Calculate the
final volume and uncertainty if the two liquids
were combined.

Apply

20 A scientist wanted to test the effect of a lotion
for treating acne. They first tested the lotion on
a group of 20 teenagers, all aged 15. Then they
decided to conduct more tests, so they tested 100
more teenagers, all aged 15.

a Determine whether this is an example of
experimental repetition or increasing the
sample size.

b Decide which result (using 20 teenagers or 120
teenagers) is likely to lead to the most reliable
results. Justify your answer (by comparing
the reliability of the test with 20 teenagers to
that of 120 teenagers and deciding which is
more reliable).

Oxford University Press

21 A scientist was commissioned by a jeans
manufacturer to test various denims. The
manufacturer wanted a more durable (long-lasting)
fabric than the one they were currently using.
Describe how the scientist might test a fabric
for durability in a valid way. Discuss why this
is important.

Figure 2 How might a scientist test the durability of different
denims?

22 A make-up manufacturer claims that their brand of
tinted lip gloss will stay on for at least 6 hours, even
while eating and drinking (Figure 3).

a Create an experiment based on the scientific
method to test this claim.

b State your hypothesis.
Identify the variables you will be testing.

(g}

d Describe the measurements you will take and
how you will ensure that they are accurate.

e Predict the results you would expect to obtain if
your stated hypothesis was correct.

Figure 3 What results would be expected for the hypothesis of the
tinted lip gloss investigation?
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f Evaluate the accuracy of the results that you may d Evaluate whether using the phrases or
measure and suggest what further investigation pictures disadvantage the person viewing
you could undertake to improve the reliability of the advertisement.
your conclusions. e Decide whether the phrases or pictures of

g Assuming you found that the manufacturer’s scientists should be allowed in advertising.
claim was correct, create a scientifically accurate Critical and creative thinking

slogan or advertisement for the lipstick based on . . . .
. 25 One source of information for consumers is Choice
your findings. . .
i o . magazine. The magazine reports the results of
23 An investigation was conducted where the time .
. testing of consumer products.

taken to cover a distance was recorded for a runner L }

a If a scientist was reading a report on the safety

in training (Table 1).
g ( ) of children’s pyjamas, describe the evidence

a Calculate the average speed for each segment of they might look for to see if the report was fair

the run using: ..
g . and objective.
distance

average speed = —;
time

b If the scientist concludes that the report is
reliable, propose how the public might be
convinced to read the report before purchasing
children’s pyjamas.

b Discuss what the values calculated in part a
mean, with reference to the runner.

¢ Explain if these results would be accurate
and precise. Research
d Explain if the method would be reproducible. 26 Choose one of the following topics for a research
project. Some questions have been included to help
Table 1 Data from one training sprint . .. .
you begin your research. Present your findings in a

format of your choosing.

Distance (metres) Time (seconds)
0 0
50 0 Mobile phone safety
Research is continuing into the safety of mobile
100 22

phones, although most people in the Western
150 28 world have one or use one. You are an advisor to
the minister of communications and technology.

200 40
250 55 e Produce a report with at least 10 points,
detailing any research that has taken place
into mobile phone safety.
Social and ethical thinking e Make sure you assess the validity of these
24 Two phrases commonly used in advertising are secondary sources.
“Scientists have proved ...” and “Recommended e Include the outcomes or conclusions reached
by scientists”. These are often accompanied in these studies.

by pictures of named scientists who are paid to

appear in the advertisement. Discuss the ethical

implications of using these phrases or pictures of
scientists by completing the following.

a Describe why the company may choose to use
the phrases or a picture of a scientist.

b Describe how a person viewing the
advertisement might be affected by the use of
the phrases or pictures.

¢ Describe how a person would be affected if the
phrases or pictures were not used.

Figure 4 People of all ages use mobile phones.
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Bottled water

Many people in Australia spend a lot of money

on bottled drinking water. Are they doing this

because of the way the water is marketed, or are

there scientifically supported health benefits in
drinking bottled water rather than tap water? Is
tap water unsafe to drink? Have there been any
cases where water bottlers have been fraudulent
in their claims about the water they are selling?

¢ Find out what dentists and medical experts say
about bottled water.

e Describe the scientific tests that are performed
to check that the claims are correct and that
the results that have been obtained are valid.

e After researching and comparing a range of
evidence, evaluate whether we should drink
bottled water in Australia or use tap water.

e Describe any limitations of your conclusions
(e.g. do they depend on where you live).

|
<
> -
-
1_
=
7+ 3N

Figure 5 Why do people drink bottled water?

Oxford University Press

Artificial colourings and flavourings

in foods

Some people claim that certain artificial

colourings and flavourings in foods can cause

problems, such as hyperactivity in children.

e Describe the reliability of each of the sources
that you use by identifying the source, the
reason for the article and the validity of the
data used.

¢ Define the term “opposing evidence”.

e Identify whether the warnings are based on
anecdotal evidence or scientific evidence.

¢ Discuss whether anecdotal evidence can be
of value to scientists.

Figure 6 Are artificial colourings and flavourings in foods
bad for us?
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Module

Energy

Overview

The law of conservation of energy states that energy is
always conserved during transfers and transformations,
meaning the total energy stays the same. Not all energy
transfers are 100% efficient, however, and some energy
is wasted as heat or sound. A Sankey diagram shows how
energy is transferred and transformed. We can use our
understanding of energy efficiency to examine Aboriginal
and Torres Strait Islander ground ovens. We will also
compare different sources of energy which are used to
generate electricity, such as coal, hydropower and solar.




Lessons in this module

Lesson 2.1 Energy cannot be created or destroyed
(page 58)

Lesson 2.2 Sankey diagrams can represent energy
efficiency (page 62)

Lesson 2.3 Investigation: What if you bounced a ball?
(page 65)

Lesson 2.4 Electricity can flow through circuits

(page 66)

Lesson 2.5 Skills lab: Understanding resistor colour
codes (page 71)

Lesson 2.6 Investigation: Demonstrating electrostatic
electricity (page 72)

Lesson 2.7 Current can flow through series and parallel
circuits (page 73)

Lesson 2.8 Investigation: Making series and parallel
circuits (page 77)

Lesson 2.9 Voltage, current and resistance (page 77)
Lesson 2.10 Investigation: Investigating Ohm's law
(page 82)

Lesson 2.11 How is power measured? (page 83)

Lesson 2.12 Investigation: Comparing the energy
transformed over time (page 85)

Lesson 2.13 Energy efficiency can reduce energy
consumption (page 87)

Lesson 2.14 Challenge: Design an energy-efficient house
(page 90)

Lesson 2.15 Electricity is generated from different energy
sources (page 92)

Lesson 2.16 Solar cells transform the Sun’s light energy
into electrical energy (page 96)

Lesson 2.17 Review: Energy (page 101)
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Learning intentions
and success criteria

energy the capacity
to do work

closed system a
system that does not
allow matter to enter
or leave but does
allow energy to be
transferred in or out

matter anything
that has space and
volume; it is made up
of atoms

isolated system a
system that does
not allow matter or
energy to enter or
leave

law of conservation
of energy a scientific
rule that states that
the total energy of a
closed system and

its surroundings is
always constant and
cannot be created or
destroyed

transformed
describes energy that
has changed into a
different form

58 Oxford Science Stage 5 NSW Curriculum

Lesson 2.1

Energy cannot be created
or destroyed

Key ideas

— The law of conservation of energy states that energy cannot be created or destroyed.
— When energy is transformed, waste energy is produced.

— Efficient energy transformations produce less waste energy.

Law of conservation of energy

Humans have been fascinated with energy for thousands of years, from the heat energy
released in the earliest human-generated fires to the energy that allows us to reach the Moon
and beyond. There are different types of energy, such as heat, sound, electricity and light.
One law is consistent across all forms of energy: energy cannot be created or destroyed.

Closed and isolated systems

A closed system is one where matter cannot enter or leave, but energy can be transferred
into or out of it (Figure 1). This means it exchanges energy with its surroundings. The
amount of energy lost by the system must be equal to the amount of energy gained by the
surroundings and vice versa. The total amount of energy of the system and its surroundings
remains constant, even if the energy is transformed (converted to a different form).

An isolated system is one where neither energy nor matter can enter or leave (Figure 1).
This means there is no exchange of energy or matter between the system and its
surroundings. The total amount of energy
in an isolated system remains constant.

Surrounding

Surrounding

emmmmmmea

In both closed and isolated systems, the
total energy at the end must be equal to the
total energy at the beginning. This
principle is known as the law of
conservation of energy. No energy can
be created or destroyed, but it can be
transferred (from one object to another) or
transformed.

o

When we lift an object up in the air,
we add gravitational potential energy.
This energy did not just appear. The
kinetic energy provided by our hand

]

......................

Closed Isolated was conserved and transformed into the
Only energy can Nothing is gravitational potential energy of the object.
be exchanged exchanged When the object is dropped, the energy is

not destroyed. The gravitational potential
energy is once again transformed into
kinetic energy as it falls.

Figure 1 A closed system is one where matter cannot
enter or leave, but energy can. An isolated system is one
where neither energy nor matter can enter or leave.

Oxford University Press
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Energy efficiency

If a device transforms most of its input energy into the most useful output energy, like a

trampoline, then it is considered to be a very energy-efficient device. Energy is said to be

“wasted” if it is in a form that cannot be used, such as heat or sound. The less “wasted

energy”, the more energy-efficient the device. Energy efficiency is a measure of the energy efficiency

percentage of useful energy transformed. ameasure of how
much input energy is

Theoretically, the total amount of energy is constant when you jump on a trampoline. In transformed, rather
than lost (via sound

reality, there may be a small amount of heat energy produced as you fall due to air resistance. heat]
or nea

This “loss” of energy is not really a loss but rather just a transformation of energy to a non-

usable form. The efficiency can be calculated by comparing how high above the trampoline
you started and the height you reached on the rebound (usable final energy). Any difference
in height is a result of heat and sound energy.

useful energy output

Efficiency (%) = :
energy input

x 100

Take the trampoline example in Figure 2. The input energy was 500 joules (J) and the joule (J) the unit of
useful output energy was 400 J. This means that the trampoline is 400 = 500 x 100 = 80% energy; its symbol is ]
efficient.

400 joules
gravitational
potential energy

500 joules
elastic energy

—

Figure 2 There is 500 J of energy stored in the springs of the trampoline. At the highest point, the jumper has 400 J
of gravitational potential energy. Where have the 100 “missing” units gone?

Most energy transformations for everyday appliances aren’t as efficient as trampolines.
Scientists are constantly trying to design the best appliances possible with the highest
efficiency ratings. This would make them better for the environment and cost less to power.
Do you and your family always buy the most efficient appliances? Are you familiar with
the star ratings on appliances? More stars mean that the appliance is more energy efficient.
Not only is it good to know that less energy is being wasted, but it also means that when you
pay your electricity and gas bills you are paying for energy that is being used rather than for
energy that is being wasted.

Worked example 2.1A shows how to calculate energy efficiency.

Oxford University Press Module 2 Energy 59
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Worked example 2.1A Calculating energy efficiency

Calculate the efficiency of a device if its input energy is 150 J and its waste energy is 60 J.

Solution

Y T .

Figure 3 When we drop a basketball on the ground, gravitational
potential energy is transformed into kinetic energy.

60 Oxford Science Stage 5 NSW Curriculum

Calculate the component of useful Useful energy = input energy — waste energy

energy. =150 - 60

=90]
Calculate the energy efficiency . _ useful energy output
by substituting the values into the Efficiency (%) = energy input x 100
formula. 90

=—— X

150 100
=60%

State the efficiency of the device. = The device has an energy efficiency of 60 per cent.

Heat and sound waste energy

If no system is 100 per cent efficient, but the
energy cannot be destroyed, then where does the
energy go? In most cases, the energy is transformed
into heat and sound energy. Think what happens
when we drop a ball on the ground. The ball

starts with gravitational potential energy which is
transformed into kinetic energy when we drop it.
When the ball hits the ground, it makes a noise.
The louder the noise, the more sound energy it
generates. If we bounce a ball many times in a row,
we might feel the ball warm up. Heat energy has
been generated. Both the heat and sound energy
disperse into the air. They are not lost or destroyed.
We cannot reuse them. They are by-products of
the main energy transformation.

=
—

Figure 4 Dropping a glass
bottle onto the ground
generates and releases sound
energy, producing a large
shattering noise.

Oxford University Press
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Pendulums

A pendulum is a mass that is attached by a string to
a pivot point. When the mass is drawn upwards,
it gains gravitational potential energy. When

the mass is let go, the force of gravity pulls it
back to its original position, converting the
gravitational potential energy to kinetic energy.
The momentum built up by the moving

mass causes the mass to then swing in the
opposite direction. This means all the kinetic
energy is converted back into gravitational
potential energy. Pendulums (like a swing

in a playground) are a good example of how
energy efficiency can be measured. Some kinetic

energy is always lost as waste energy when it is
transformed to heat and sound. This is evident when
the pendulum does not quite reach the height at which
it started.

Check your learning 2.1

Check your learning 2.1

Figure 5 A swing will not reach its original
height because it loses energy as heat and
sound energy.

Retrieve Apply

1 Recall the law of conservation of energy. 9 “Energy was lost when I bounced a ball.” Do

2 Define “energy efficiency”. you agree or disagree? Think about the types of
energy the ball had before, during and after the

Comprehend . .
bounce. Explain how the law of conservation

3 Give an example of a closed system in everyday of energy applies in this situation and whether

life and explain why it fits this definition. energy has truly been lost.

4 Explain what it means if a machine is 80 per cent . . L L.
. Skills builder: Questioning and predicting
energy efficient.

5 Determine why a pendulum eventually stops 10 Turning a scientific question into a hypothesis

swinging if no energy is added. helps to structure an investigation. You are

presented with the research question: “What

Analyse happens to the amount of stored energy as a

6 Explain why a rubber band that had 10 units rubber band is stretched?”
of elastic energy cannot produce 12 units of a Rewrite this question as a scientific question.
kinetic energy. (THINK: How can I make this measurable?)

7 For the rubber band in question 4, calculate its b Identify the dependent variable and the
percentage efficiency if 7 units of Kinetic energy independent variable in your question.
were produced. Describe where the remaining (THINK: What am I measuring? What am
3 units of energy have gone. I changing?)

8 Identify and describe the by-product energy ¢ Develop a hypothesis for stretching a rubber
transformations for a car. band. (THINK: Have I included both

variables? Have I included a potential result?)
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Learning intentions
and success criteria

Sankey diagram

a flow chart

that represents
movement or change
in resources, such

as the transfer or
transformation of
energy

conductor a material
or substance that
electrons can flow
through; the flow of
electrons through a
conductor is electrical
current

62 Oxford Science Stage 5 NSW Curriculum

Lesson 2.2
Sankey diagrams can represent
energy efficiency

Key ideas

— The conservation of energy can be represented in a Sankey diagram.

Drawing energy efficiency

A hair dryer has two basic components: a fan and a heating element. When plugged in and
switched on, the fan motor spins and the heating element heats up. This means that a hair
dryer converts electrical energy into thermal (heat) energy and kinetic energy. The air
blown by the fan is directed over the heating element, passing the heat energy to the air
which flows out of the hair dryer. Some hair dryers have different speed and heat settings
that control the amount of electrical energy flowing to each part of the device. Processes
such as these can be represented using a Sankey diagram.

Sankey diagrams

A Sankey diagram is a type of flow diagram. Sankey diagrams are used to represent the
efficiency of energy transfers and transformations. The diagram visually demonstrates
how energy moves through a system, whether it is transferred from one object to another
or transformed from one form to another. Each Sankey diagram has a series of arrows of
different widths. The widths of the arrows represent the amount of energy that flows in
and out of a system.

Let’s look at the transfer and transformation of energy in toasters. Toasters use heating
elements to convert electrical energy into thermal energy. Heating elements are made of
wires that heat up without melting when electricity flows through them. These wires are
poor conductors of electricity. If the wires resist the flow of charged particles and make it

more difficult to move, then
Heating the

surroundings

more electrical energy is
gy The toaster gets hot,

transformed into thermal LT
energy. The thermal energy is turning the bread into toast.
then passed to the air, which

then passes the heat to the

Electrical

energy put in Useful work

bread, toasting it. This transfer
of energy can be represented in
a Sankey diagram (Figure 1).

Figure 1 A Sankey diagram of energy transfer in a toaster

Drawing a Sankey diagram

Sankey diagrams have three main parts: the input energy, the output energy and the waste
energy. The input energy is shown at the start of the arrow on the left-hand side of the
diagram. The useful output energy is shown with an arrowhead travelling straight on to the
right-hand side. The waste energy is usually shown by another arrowhead, travelling either

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.

up or down on the diagram.
Sankey diagrams are usually
drawn on graph paper so
that the width of the arrow
can accurately represent the

amount of energy (Figure 2).

Sankey diagrams are
also used to represent
complex energy transitions.
Worked example 2.2A shows
the process of drawing a
Sankey diagram.

Input energy
(from the left)

Width of the
arrow
represents
the amount
of energy

Useful output energy
(to the right)

Length of the
L arrow has no
significance

Waste energy (vertically

up or down)

Figure 2 Key steps of a Sankey diagram

Worked example 2.2A Drawing a Sankey diagram

A kettle has an input of 800 J of electrical energy. Heating the water uses 600 J of thermal energy while 200 J

of thermal energy heats the surrounding air. Draw a Sankey diagram to represent this energy transfer.

Solution

T T S

Before starting your diagram, you will
need to decide on a scale for the graph
paper. It is usually easiest for one square
to equal a simple number. In this case, one

square = 100 J.

b. As the input energy is 800 J, this will be
equal to eight squares down on the graph
paper. Colour across a number of squares.
Add a label to show the input energy.

C. The useful thermal energy that heats
the water is 600 J. To show this, colour
six squares down the graph paper from
the top right of your input energy block.
Colour across until you reach a few
squares from the right edge of the graph
paper. Add an arrowhead to the right side
and a label to show the output energy.

Oxford University Press

Heating

Input energy

the water

800 J

600 ]
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m

The waste energy (heating of the
surrounding air) is 200 J. To show this,
draw a block, two squares wide, extending
down from the right of the input energy

block. Add an arrowhead and label to Heating
show the waste energy. Input energy the water
This is now a Sankey diagram of the 800 J 600 J

energy input and output of the kettle.

N /

N/
NV
Heating the air 200 J

Check your learning 2.2

Check your learning 2.2

Retrieve 6 A student claimed a fan heater was inefficient due
1 Identify the three key parts of a Sankey diagram. to energy lost as sound.
a Explain why thermal energy and kinetic
Comprehend 3 : % »
energy is considered “useful” in a fan heater.

2 Describe howha Sankey diagram can help identify b Use Figure 3 to calculate the amount of sound

energy losses in a system. energy generated.
Apply
3 Draw a Sankey diagram to represent the energy Hleaisesl Kinetic energy

. 150]
transfers and transformations of a rubber band energy
) ) ) Heat energy

that starts with 10 units of elastic energy and 8007J 100 ]

produces 6 units of kinetic energy and 4 units of Sound energy ? ]

waste heat.
4 Using a Sankey diagram, compare the energy Figure 3 Sankey diagram for a fan heater

efficiency of two appliances: a kettle and a
microwave. The kettle uses 2,000 J and delivers
1,800 J of useful energy. The microwave uses
2,000 J and delivers 1,200 J of useful energy.

7 Calculate the amount of electrical energy
required by the television in Figure 4.

Analyse Electrical Soungoerjlergy
5 'The Sun provides 400 J of light energy to a plant. energy Light energy

The plant uses the light to store 100 J of chemical ?J 150 J

energy. Calculate the amount of waste energy Heat energy 50 ]

from this process.

Figure 4 Sankey diagram for a television
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Lesson 2.3

Investigation: What if you bounced a ball?

Purpose

To investigate the energy efficiency of a
bouncing ball

Materials

e Tennis ball

e Metre ruler

e A selection of other types of balls
e Blu-Tack or masking tape

Procedure

1 Hold the tennis ball 1 metre above the ground
next to the vertical ruler.

2 Drop the ball (do not throw it) on a
hard surface.

3 Use the metre ruler to measure how high the ball
bounces back. Be careful to avoid parallax error
by ensuring your eye is level with the ball.

4 Determine the percentage energy efficiency by
using the formula below:

height of bounce y 100
starting height 1

efficiency (%) =

Figure 1 Experimental set-up

Oxford University Press

Inquiry

Choose one of the following questions

to investigate.

e What if another ball was bounced on the same
surface? (Does it have the same efficiency?)

e What if the same ball was bounced on a different
surface? (Does it have the same efficiency?)
Answer the following questions in relation to

your inquiry.

1 Write a prediction or hypothesis for your
inquiry.

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

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

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

5 Write down the method you will use to complete
your investigation in your logbook.
6 Draw a table to record your results.

7 Show your teacher your planning for approval

before starting your experiment.

Module 2 Energy 65
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Results

Copy and complete Table 1.

2 Draw a column graph showing how the energy

efficiency of the balls changed with your
independent variable.

Discussion

1 Describe the results of your experiment by
describing how you changed the independent
variable and how this affected the dependent

3 Identify the type of energy the ball had:
— before it was dropped
— just before it hit the ground
— as it touched the ground.
Identify the waste energy.

5 Draw a flow diagram of the
energy transformation.

6 Draw a flow diagram of the energy transfer.

Conclusion

variable.

Describe how the independent variable affected the
dependent variable.

2 Compare (the similarities and differences

between) the results of your experiment and

your hypothesis.

Table 1 Bouncing ball experiment

Independent

variable

(surface/ball)

©

Learning intentions
and success criteria

electric charge

a property of
subatomic particles
(electrons and
protons) that results
in electric energy;
electric charge can be
positive or negative

electron a negatively
charged particle that
moves around in the
space outside the
nucleus

Height of bounce (cm) Average height Efficiency (%)

of bounce (cm)
Attempt 1 Attempt 2 Attempt 3

Lesson 2.4
Electricity can flow through circuits

Key ideas

— A closed circuit occurs when the positive and negative charges can be separated and
reunited.

— An electrical conductor allows the charges to flow easily.

— An electrical insulator restricts the movement of the charges.

Introduction

“Electricity” is a general term related to the presence and flow of charged particles.

An electric charge can be either positive or negative. It is produced by subatomic particles
(parts of atoms), such as electrons, which carry a negative charge, or protons, which carry a
positive charge.

66 Oxford Science Stage 5 NSW Curriculum Oxford University Press
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Electrostatic charge

Objects are normally uncharged; that is, their atoms usually have equal numbers of positive
protons and negative electrons. But when two objects are rubbed together, some of the
electrons on the surface may be transferred from one object to the other. This causes the
object with fewer electrons to become positively charged and the object with extra electrons to

become negatively charged. This is called an electrostatic charge. electrostatic
charge an electric
charge between two
jumper and your hair stands up when you bring the balloon close to your head, or if you objects caused by a

walk across a synthetic carpet and you get a small shock when you touch a door handle. In deficiency or excess
.. . . . . of electrons (negative

both these cases, the positive or negative electric charge stays on the charged object without charges)

moving. If the charges on two objects are the same (both positive or both negative), then they

are described as “like charges”. If the charges are different (one positive and one negative),

then they are described as “unlike charges”.

You can see examples of electrostatic charge when you rub a balloon against a woollen

The following are important rules to learn about electrostatic
charges (Figure 1).
e Like charges repel.

e Unlike charges attract.
e Charged objects attract neutral objects.

When charged objects are close to each other, the small negative
electrons are attracted to the positively charged object (unlike g a
charges attract). If these two objects are brought close enough, the

electrons will try to jump across the gap as a spark. This is what Figure 1 Like charges repel, unlike charges attract.
happens when the air particles in a cloud rub against each other and

become charged. If the charges build up
enough, a large spark (lightning) will
move between the charges in the clouds
or towards the neutral ground (charged
particles and neutral objects are attracted

to each other).
Van de Graaff
generator a
machine that
produces an
electrostatic charge

The Van de Graaff generator is a
machine that produces an electrostatic
charge by rubbing a belt (Figure 2). The
surface of the dome can lose electrons
and become positively charged.
Anything that touches the top of the
dome also becomes positively charged. If
a person touches the surface of the dome,
their hair can become positively charged,
causing the strands of hair to stand on
end and move away from each other.
This happens because the positive
charges in the hair strands repel one
another (like charges repel).

Similar generators are used to

Figure 2 Placing a hand on the Van de Graaff generator
causes negatively charged electrons to move from a person’s
hair to the dome. The positive charges that are left in their
physics demonstrations. hair strands cause the strands to repel each other.

accelerate particles in X-ray machines
and food sterilisers, and in nuclear
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dry cell contains dry
substances and uses
a chemical reaction
to produce electrical
energy; commonly
used for portable
devices such as a
torch battery

wet cell contains wet
substances and uses
a chemical reaction
to produce electrical
energy (e.g. acar
battery)

electric current the
flow of electrical
charge through a
circuit

electric circuit a
closed pathway that
conducts electrons in
the form of electrical
energy

conventional
current the flow of
positive charges in a
circuit

—

Direction of
conventional
current

.,

Figure 3 The direction of conventional current is from the positive terminal to
the negative terminal, opposite to the direction of electron flow in a circuit.
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Electrical potential energy and circuits

When positive and negative electric charges are separated, they gain electrical potential
energy, much like how an object gains gravitational potential energy when lifted against
gravity. If you drop the object, it moves from a higher gravitational potential energy to a lower
point, and this difference in potential energy is converted into Kinetic energy. Similarly, when
electric charges move from a point with higher electrical potential energy to one with lower
potential energy, the difference in electrical potential energy transforms into kinetic energy,
causing them to move.

It is difficult to continually rub things together to separate charges and give them electrical
potential energy. An energy source, such as a dry cell (e.g. a torch battery) or a wet cell (e.g.
a car battery), uses a chemical reaction to continually separate charges, resulting in a potential
difference (voltage) between the two terminals that makes electric charges flow
through wires.

The flow of electric charges from one place to another along a pathway made from an
electrical conductor is called an electric current. An electric current comes from the
movement of negatively charged electrons along a closed conducting pathway called an
electric circuit. For historical reasons, the direction of the current is given as the flow of
positive charges from the positive terminal of the energy source to the negative terminal. This
flow of positive charges is referred to as a conventional current (Figure 3). As electrically
charged particles move around an electric circuit, they carry energy from the energy source
(such as a battery) to the device that transforms the energy (such as a light globe, motor or
heater). An example of the movement of electrical energy in a simple circuit is shown in
Figure 4.

Electric circuits must have an energy source, wires to carry the charges and a load that
transforms the electrical energy into heat, light or kinetic energy. Many devices have “gaps”
called switches to control the flow of electricity in a circuit. If the switch is open, the pathway
is broken and no electricity flows. Circuits must therefore be closed for electricity to flow
through them.

S

Direction
of electrons
flow

- —J

Figure 4 A simple circuit: electric charges move
from the battery through the wires to the light
globe
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Drawing circuit diagrams

We use circuit diagrams to represent electric circuits. Each component of an electric circuit  circuit diagram a
diagrammatic way to
represent an electric
In a circuit diagram, wires are usually drawn as straight lines that are joined at right circuit

is represented by a symbol, as shown in Figure 5 and Figure 6.

angles (though there are exceptions to this). In Figure 5, the longer line on the battery symbol
indicates the positive terminal, and the shorter line indicates the negative terminal. Each
terminal is where the wires are connected. When you draw a circuit diagram, use a ruler and
a pencil, and make sure all lines are connected to indicate there are no breaks in the circuit.

“ Light globe Ammeter /

Closed switch Open switch Connecting wire

(V) () |
U " A

Voltmeter Electric motor Cell

|=S==—————

Switch
Battery _W
) — H]
) N i
E {) \A/ Ammeter Resistor Battery
| Light globe Electric bell
{41
Figure 5 (A) An electric circuit and (B) Figure 6 Common symbols used in circuit diagrams
the circuit diagram to represent this circuit
Measu rng electric current
Electric current (symbol I ), or the flow of
charge over time, is measured by counting the
number of electrons that go past a point in the
circuit in 1 second. The unit of measurement
for current is amperes (symbol A). An ampere
is a large unit of current, so smaller units,
such as the milliampere (1,000 mA =1 A),
are often used. Traditionally, an ammeter
(Figure 7A) has been used to measure the
current passing a particular point in an
electric circuit. The ammeter is connected into
the circuit so that the current flowed through
it. A more accurate device called a multimeter
(Figure 7B) is used to measure many different
aspects of a circuit, including the current.
Figure 7 (A) An ammeter or (B) a multimeter is used to
measure electric current.
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electrical

conductor a material
through which
charged particles are
able to move

electrical

insulator a material
that does not allow
the movement of
charged particles

insulator a
substance that
prevents the
movement of thermal
or electrical energy

semiconductor a
material that

has properties
between conductors
and insulators;

its conductivity
increases by adding
some impurities to it

Electrical conductors and insulators

An electrical conductor is a material through which charged particles are able to
move. An electrical insulator is a material that does not allow the current of charged
particles to move. Most wires are made of copper, a metal, with a plastic coating
around the outside. Copper is an electrical conductor — electrons are able to move
through it easily. Plastic, however, is an electrical insulator. The wires are coated in
plastic to prevent the current being “lost” to the surroundings as it passes through

the wires.

Some substances are better insulators or better conductors than others. It depends
on how easily they allow electrons to move through them; that is, whether they offer
more or less resistance to the movement of charges. Air is a good resistor because it is
difficult for charged particles to move freely.

Some substances, such as germanium and silicon, are insulators in their pure form,
but become conductors if they are combined with a small amount of another
substance. These materials are called semiconductors.

Within a single silicon chip, very thin layers of silicon are combined with other
substances to make that layer a conductor. Complex microcircuits used in computing
are made in this way.

Check your learning 2.4

Check your learning 2.4

Retrieve

1 Identify the charge on the following particles.

a Protons

b Electrons

2 Define the term “current”.

Comprehend

3 Describe how objects can become
electrostatically charged.

4
5
6
7

Analyse

Explain the purpose of a battery in a circuit.

Describe an electric circuit.

Apply

9 Ifliving organisms are good conductors and
air is a good resistor, discuss why it would be
dangerous to stand out in an open area during a
lightning storm.

10 Draw a circuit diagram containing a battery, a
switch and two light bulbs connected one after
the other.

11 You are given a plastic rod and a metal rod.
Design a simple experiment to test which rod is a
better conductor of electricity.

Describe why silicon is called a semiconductor.

Compare a conductor and an insulator.

8 Compare the flow of electric current in a

circuit made with copper wire to one made with

rubber wire.
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Lesson 2.5
Skills lab: Understanding resistor
colour codes

. Table 1 Resistor colour codes

Aim

To use the coloured banding of a resistor to Colour Value Colour Value

determine its value Black 0 Green 5
Brown 1 Blue 6

Materials Red 2 Violet 7

A selection of coloured resistors Orange 3 Grey 8
Yellow 4 White 9

Look at the resistor in Figure 2. What does its
code mean?

N

Method

Carbon resistors typically have four colour-coded

bands on their case (Figure 1). These bands are

part of a code that allows you to work out their 1 The tolerance band is gold,

approximate value and tolerance. The fourth so the resistor has 5 per cent

band is the tolerance band, which indicates the tolerance.

amount that the resistance may vary by (the relative "The first band is blue, so it

accuracy of the resistor). Gold means 5 per cent has a value of 6. 1st digit

tolerance, silver means 10 per cent tolerance and 3 'The second band is red, 2nd digit

no fourth band means 20 per cent tolerance. The so it has a value of 2. The Multiplier

lower the percentage tolerance, the more accurate number is now 62.

(or closer to the true value) the resistor is. 4 'The third band is also red, Tolerance
so this means 2 zeroes need
to be added to the number.
The number is now 6,200.

5 Resistor values are always
coded in ohms, so the value
of this resistor is 6,200
ohms or 6.2 kilo-ohms.
Collect a resistor from your  Figure 2 Calculate the

teacher and use the coloured value of this resistor.

bands to determine its value.

Figure 1 A resistor with colour-coded bands

Questions

To read the other three bands, put the tolerance 1 Define the electrical term “resistance”.
band on the right and start at the other end. The
first two bands form a two-digit number according

to their colour (see Table 1). The third band tells
you how many zeroes to put after the number.

Explain why different resistors are used in
different circuits.
3 Explain what is meant by the term “tolerance”.
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Lesson 2.6
Investigation: Demonstrating
electrostatic electricity

Purpose

To model and explain electrostatic electricity

Materials

Plastic comb
Woollen cloth

Rice Bubbles

Large plastic bag with tie
Plastic rod or pen
Small pieces of paper
Balloons

Balloon pump
Felt-tipped pens
String

Tape

Procedure

Part A

1

Place some of the Rice Bubbles in the plastic
bag. Blow air into the bag and seal it with the tie.

Rub the woollen cloth over both the plastic bag
and the comb.

Bring the plastic bag and comb together.
Record what happens.

Explain your observations, using the idea of
electrostatic charge.

Part B

1

On a piece of paper, draw four positive and four
negative charges. Show what happens to these
charges when the positively charged woollen
cloth is brought close to them.

Rub the plastic rod or pen with the woollen cloth
Bring the paper and the plastic rod or pen together.
Record what happens and explain your
observations, discussing the movement

of charges.
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Part C

1

Using the balloon pump, blow up a balloon and

carefully draw a face on it.

Tie the balloon onto a string and suspend it

from a doorway or ceiling using tape, so that it is

level with your head.

Rub the balloon face with the woollen cloth and

walk towards it.

Record what happens.

— Identify the distance you have to be from the
“balloon face” before it is attracted to you.

— Describe what happens if you put a piece of
paper between you and the balloon.

Blow up another balloon and draw a face on it.

— Describe what happens when you bring it
close to your suspended balloon.

Figure 1 Can you explain the attraction of the balloon?

Discussion

1

Describe your observations in part A using
unlike charges” and

2«

the terms “like charges”,
“neutral or no charge”.

Describe your observations in part B using
the terms “like charges”, “unlike charges” and
“neutral or no charge”.

Describe your observations in part C using

unlike charges” and

PR N1

the terms “like charges”,
“neutral or no charge”.
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Lesson 2.7

Current can flow through series and

parallel circuits

Key ideas

©

— In a series circuit, the loads are connected one after the other, and the current is the Learning intentions

same throughout the circuit.

and success criteria

— In a parallel circuit, the loads are parallel to one another, and the current is shared

between them.

— A short circuit occurs when the electrical energy can move through an easier path with

less resistance.

Series and parallel circuits

When two or more loads, such as globes, are
connected in a circuit, two different types of
connection are possible. In a series circuit,
the loads are connected one after the other so
that the current goes through one load and
then through the second load (Figure 1A). In a
parallel circuit, the circuit has two or more
branches and the current splits between the
branches (Figure 1B) and comes back
together afterwards.

Comparing circuits

If two globes are connected in a circuit in
series, then all the current (moving electrons)
passes through both globes (Figure 1A). This
means the current is always the same at all
points in a series circuit.

If two globes are connected in parallel,
however, the current splits (Figure 1B). This
means that when the electrons reach the point
where the wire splits, the electrons will travel
along one path or the other. Part of the current
passes through each globe and then joins
together again after passing through the globes.
This means the currents going through each
globe must be added together to determine
the total amount of current coming from
the battery.

Oxford University Press

A )

load a device that
transforms electric
potential energy into
other forms of energy
such as heat or light

series circuit the
positioning of loads
(e.g. lights) side by
side in an electric
circuit so that the
electrical energy
passes through one
load atatime

parallel circuit the
@ @ positioning of loads
(e.g. lights) in an
B electric circuit so that
they are connected
+ to the battery
separately; they are

in parallel to one
another

N
-/

Y
-/

Figure 1 (A) In a series circuit, the current

is the same anywhere in the circuit. (B) In a
parallel circuit, the sum of the current going
through globe A and globe B is equal to the total
current.
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2.

In a series circuit, a break at any point
in the circuit (e.g. from a switch) affects
all the globes in the circuit. In a parallel
circuit, a break in one of the branches of the
circuit affects only the current (and globe) in
that branch.
In a household, lights and appliances are
connected in parallel so that:
e some appliances can be on while others
are off (achieved by inserting switches)

e if one appliance fails, the others will still
work (Figure 2).

Figure 2 Traditionally, party lights were a series circuit.
This meant that when one light broke, all the lights went
out. Now, most modern party lights are arranged in a
parallel circuit.

Worked example 2.7A Calculating currents

If the current leaving a battery is 6 amperes (A), calculate the current travelling through two identical lamps
if they are connected:

a in series b in parallel.

Solution

m What to do Working out
For part a, you need to remember that is the lamps The current in each lamp is 6 A.

are connected in series, then the electrons will flow
through each lamp.

b. For part b, you need to remember that if the lamps 6 A + 2 light bulbs = 3 A in each light bulb
are connected in parallel, the electrons are divided
equally between the lamps.

Batteries in series and in parallel

Batteries may be connected in series or in parallel, in a similar way to globes. When batteries
are connected in series, each electron picks up a certain amount of energy as it passes through
the first battery and then an additional amount as it passes through the second battery. This
arrangement allows electrons to be given larger amounts of energy. For instance, a simple
torch normally has two 1.5 V batteries connected in series. As each electron passes through
both batteries, it collects the total amount of energy provided by both batteries, which is 3 V.

When batteries are connected in parallel, each electron passes through either one battery
or the other. This means each electron collects the same amount of energy as it would from
one battery on its own. The advantage of this arrangement is that the two batteries last longer
than either one of them would in the same circuit on their own.
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Short circuit

A short circuit occurs when a conductor with very low resistance is connected in parallel
to a component in the circuit. This causes the current (moving electrons) to flow along a
different path from the one intended. This can be caused by damaged insulation that usually

short circuit a
condition in an
electrical circuit that
allows the current

surrounds the wires or by another shorter conductor, such as water, providing an easy path for ~ toflowalongan

the electrons. Electric charges will always take the path of least resistance. This means that
large currents can flow through any short path or conductor that allows the electrons to move
most easily. Short circuits are dangerous because they can also lead to wires heating up from

the fast flow of electrons, causing damage or even fire.

Fuse

A fuse is an electrical safety device designed
to protect a circuit from excessive current. It
consists of a thin wire or filament that melts
when the current flowing through it exceeds
a certain limit. This causes a break in the
circuit so that the electrical energy stops
flowing, preventing damage to other
components. Fuses are commonly used in
household appliances and electrical systems
to prevent damage from overloads or

short circuits.

Check your learning 2.7

Check your learning 2.7

Retrieve

1 Identify the advantages of having a safety switch

or fuse in the electric circuits of your house.

Comprehend

2 Describe how you could determine whether the
globes in a set of party lights are connected in

series or in parallel. (Hint: How does current flow

through a series circuit and a parallel circuit?)

Analyse

3 Contrast the movement of current in a series
circuit and a parallel circuit.

4 'Three identical lamps were connected in series to
a battery that produced a 12 A current. Calculate

the current flowing in each lamp.

Oxford University Press

unintended path

resistance a
measure of how
difficult it is for the
charged particles in
an electric circuit to
move

fuse a switch or wire
that stops the flow
of current if it starts
moving too fast

Figure 3 A sudden
increase in current
will cause a fuse or
safety switch to break
the circuit. This stops
the current from
flowing and may
prevent electrocution.

Apply

Infer how the household appliances are connected

in your house (in series or in parallel). Justify
your answer (by explaining how series and
parallel circuits behave and providing an example
that matches your explanation).

Double adaptors and power boards enable you to
connect additional appliances to a power point.
Explain whether the double adaptors or power
boards are more likely to be series or parallel
connections. Justify your answer.

An electrician wanted to connect four identical
lamps to a 6 A source so that two lamps had a
current of 6 A and the other two lamps had a
current of 3 A. Create a circuit diagram to show a
possible arrangement of the lamps the electrician
could use. 4
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2.7

8 Draw a series circuit diagram using Figure 4. Skills builder: Planning investigations

9 Electricians and scientists use diagrams to
explain how something needs to be set up. You
have been asked to plan an investigation into
the wiring of the apartment in Figure 5. Apply
your understanding and create a circuit diagram
for one of the following apartment floor plans.
(THINK: How does each light bulb receive
electricity? Have I drawn this scientifically? What
are the correct symbols to use?)

You need to include the following:
— one light bulb and one switch in the kitchen
— two light bulbs and one switch in the bedroom

— two light bulbs and two switches in the

lounge room

Figure 4 A series circuit . X .
= — one light bulb and one switch in the bathroom.

Figure 5 An apartment floor plan
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Lesson 2.8
Investigation: Making series and
parallel circuits

Pu rpos e b one globe only, with the other on all the time
¢ the other globe only, with the first globe on all

To compare the current in series and the time

parallel circuits d both globes, with one globe on when the other

is off and vice versa.
Mate ri a |S Complete step 2 before you disconnect each circuit.
2 Draw the circuit diagram to show where the

* Two 1.2 V globes and holders switch was placed in each circuit.

¢ 1.5V battery and holder 3 Connect an ammeter at different places in each

* Eight connecting wires (with banana plugs or circuit and measure the current at each point.

alligator clips)

*  Switch Discussion

* Ammeter or multimeter
1 Describe the effect of changing the location of

Proce d ure the switch in a simple circuit.
2 Describe how an ammeter should be connected
1 Construct four circuits, placing the switch so to measure the current in a circuit.
that it controls: 3 Describe how the current did or did not change
a Dboth globes, with both either on or off at the when the ammeter’s location was changed.
same time

Lesson 2.9
Voltage, current and resistance

Key ideas @

— Voltage is a measure of the difference in electrical potential energy carried by charged Learning intentions
particles between different points in a circuit. and success criteria

— Voltage can be measured using a voltmeter or multimeter in parallel to the circuit.

— Resistance is a measure of how difficult it is for the current to flow through part of the
circuit.
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voltage a measure
of the amount of
energy in joules given
to a unit of charged
particles passing
through a battery

potential
difference the
difference in
electrical potential
energy between two
points of a circuit for
each unit of charged
particle; also known
as voltage drop

Voltage

Each charged particle has electrical potential energy as it moves in
an electric circuit. This energy is given to the charged particles by
the battery. The potential difference (voltage) across a battery is
a measure of the amount of energy, in joules, given to a unit of
charged particles passing through it. This electrical potential
energy can be transformed into sound as it moves through a
speaker, or into light and heat if it moves through a globe. This
means the energy of a charged particle (electron) decreases as it
passes through the speaker or globe. The difference in electrical
potential energy between two points of a circuit for each unit of
charged particle is called potential difference (also known as
voltage drop). A component of a circuit that transforms electrical
potential energy into other forms of energy and across which a
potential drop occurs is called a load.

Voltage is measured by a voltmeter or a multimeter in the unit
volts (symbol V). To measure the potential difference or voltage
between any two points of a circuit, voltmeters are set in parallel
across the two points in the circuit that you want to measure
(Figure 1).

Batteries add energy to charged particles. The amount of
energy added by the battery can be determined by connecting
a voltmeter in parallel to the battery. The electrical potential
of a charge travelling through a 1.5 V battery changes from
0-1.5 V, meaning the charge gains energy from the battery and

-

Figure 1 A voltmeter is
used to measure voltage in a
circuit.

3

SITOAS'T

Figure 2 Each unit of charge
in this battery has 1.5 J of
energy.

its electrical potential energy increases. As the charge moves through the circuit, its energy
is converted into other forms, such as light, heat or mechanical energy, depending on the

components in the circuit. The charge then returns to the battery where it gains energy again,

and this process continues as long as the circuit is functioning.

In a series circuit, the potential energy contained by each electron must be divided

between the different loads. This means a 12 V battery connected to two identical light

bulbs in series may transform 6 V of energy to each bulb. If the two globes are connected

in parallel, each electron moving in a light bulb is able to transform all the 12 V into light

and heat.

Worked example 2.9A Calculating voltage

If a 6V battery is connected to two identical light bulbs, calculate the voltage drop across each lamp if they

are connected:

a 1in series

Solution

b in parallel.

Y T S I T S

For part a, you need to remember that if the light bulbs
are connected in series, the electrons must divide the

voltage (potential energy) between the bulbs.

b. For part b, you need to remember that if the bulbs are
connected in parallel, the electrons will separate at the

across each bulb.

fork in the wires and carry all the energy to each bulb.
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6V =+ 2 lamps = 3V in each lamp
The voltage drop across each lamp will be 3 V.

The voltage drop (potential difference) will be 6 V
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Resistance

The amount of current flowing in a circuit is determined by the resistance (symbol R) of the
circuit. The electrical resistance of a material is a measure of how difficult it is for charged
particles to move through. Electrons collide with the atoms in the wires and the various other
components of a circuit, and some of their electrical energy is converted or transformed into
heat. Most connecting wires are thick and made of good conductors. They have very low
resistance, and so hardly any energy is lost by the electrons. The wires in a toaster, however,
are designed so that a lot of the electrons’ energy is transformed into heat — so much so that
the wires glow red-hot and brown our toast.

Resistors are devices that are placed deliberately in circuits to control or reduce the size resistor a device that
has opposition to an

of the current. Resistance is measured by a multimeter in units called ohms (symbol Q). -
electric current

A rheostat is a variable resistor, used to control the amount of current in a circuit. It
consists of a coil of wire, a slider and two terminals: one fixed and one moving. Some
rheostats have three terminals, but only two are typically used. When using the fixed
terminal, A, and the moving terminal, B, the resistance of the rheostat decreases as the slider
moves closer to point A (Figure 3 and Figure 4).

A potentiometer is another type of variable resistor, with a dial that rotates. A light-bulb
dimmer is a potentiometer, as is the temperature control on an oven.

Slider

Structure of rheostat

Figure 3 A rheostat with three terminals

\

Figure 5 Metal wires have low resistance while the plastic Figure 6 Many types of resistor are available. The resistance of
coating has high resistance. carbon resistors is indicated by the coloured bands on their plastic

case.
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Ohm's law

Georg Ohm, a German physicist, discovered the relationship between voltage, current and
resistance. Ohm found that the voltage drop across a fixed-value resistor is always directly
proportional to the current through the resistor. This means that, as the voltage goes down,

Ohm'slaw a the current will also go down. This relationship is known as Ohm’s law and is written as:
law stating that
electric currentis V=1IR

proportional to

X where Vis voltage in volts (V), I'is current in amps (A) and R is resistance in ohms ().
voltage and inversely

proportional to To help us remember Ohm’s law, we can use the Ohm’s law triangle (Figure 7). To find
ist . Vv
resistance resistance (Q), cover the R and the two letters show you the formula to use. So R = T

The same method is used to find current () which gives I = % . To find voltage, cover V,
which gives V= IR.

If you plot a graph of current versus voltage, the graph is a straight line. Resistance equals
one divided by the gradient of the current—voltage graph (Figure 8). Resistors that have a
constant resistance are called ohmic resistors because they obey Ohm’s law.

Some resistors do not obey Ohm’s law. These resistors are called non-ohmic resistors. The
resistance of a non-ohmic resistor, such as a light globe, changes with temperature. Ohm’s
law applies only to ohmic resistors. The current—voltage graph of a non-ohmic resistor is not
linear (Figure 9).

<
~
=
1A :
2 IR AV 5
14 =~ 34 | ©
& 1Al
2 24 I
= e _a
I R o 1 AV
0 T T T T
0 1 2 3 4 Voltage, I (V)
Voltage, VV (V)
Figure 7 The Ohm’s law triangle is used to Figure 8 Graphical Figure 9 Current versus voltage graph of a
remember the equations for Ohm’s law. representation of Ohm’s law non-ohmic resistor

Worked example 2.9B Calculating resistance

If a 9 V battery produces 6 A of current, calculate the resistance of the circuit.

Solution
m What to do Working out
State the known and unknown information. V=9V, I=6A,R="?
Substitute the values into R = K and solve for R, R= ﬂ
. . . I 6A
including units.
=150

The resistance in the circuit is 1.5 Q.
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Check your learning 2.9

Check your learning 2.9

Retrieve

1 Define the terms:
a voltage
b rheostat
c resistance.

2 Complete the information in Table 1.

Table 1 Symbols and units for electric circuit terms

Term Symbol Unit
Current I
Voltage v
Resistance
Comprehend

3 Explain what happens to the electrical energy
carried by electrons as they flow around an
electric circuit.

Analyse

4 Identify the three equations that can be obtained
by rearranging the Ohm’s law triangle.

5 Calculate the current flowing through a 44
resistor when it has a voltage drop of 11 V
across it.

6 Calculate the change in voltage across a 25 ()
resistor when a current of 50 mA (0.05 A) flows
through it.

7 Calculate the value of a resistor that has a voltage
drop of 8 V across it when a current of 0.4 A
flows through it.

Apply and create

8 A group of students performed an experiment
to determine the value of an unknown ohmic
resistor. They made a simple circuit and
measured the amount of current for different
values of voltage. Their results are shown in
Table 2.

a Determine the independent, dependent and
controlled variables.

Oxford University Press

b Draw a current—voltage graph for the data in
Table 2.

c Calculate the resistance using the gradient of
the graph.

d Another group of students performed the same
experiment but each time they changed the
voltage and thickness of the connecting wires.
Evaluate the validity of their experiment.

Table 2 Experimental results for an electric circuit

Voltage (V) Current (A)
0 0.0
0.1
4 0.2
6 0.3
8 0.4
10 0.5

Skills builder: Conducting investigations

9 When you conduct investigations around

electricity, there are different risks to consider

compared with investigations involving

chemicals. It is particularly important that your
equipment is set up and assembled safely.

a Identify risks associated with connecting the
power source before you have set up your
circuit. (THINK: What risks exist when wires
aren’t connected correctly?)

b Explain why it is important that you check
wires before commencing an investigation.
(THINK: Would your results be impacted?)
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Lesson 2.10
Investigation: Investigating Ohm's law

Pu rpOS e 4 Repeat step 3 three times and record your
measurements in Table 1.
To investigate the voltage drop across a resistor and 5 Change the dial on the power supply to 4 V and
the current flow through a resistor, and to calculate repeat steps 3 and 4. Then change the dial to
the average value of the resistance 6 V and repeat steps 3 and 4 again.
6 Repeat the experiment for the other three
M ate ri a |S resistors, without reading their coloured bands.
7 Complete the results table for each of the three
e 10 Q resistor masked resistors and calculate their resistance.
e Voltmeter 8 Determine the average resistance of
e Ammeter each resistor.
e 2-12 V power supply 9 Remove the masking tape and determine the
o 3 other resistors with masking tape over their resistance values from the coloured bands of
coloured bands the resistors.
e Connecting wires
Results
PrOCEd ure Copy and complete Table 1.

1 Identify the 10 Q resistor. It should be colour- ) )
coded brown, black, black. Discussion

2 Connect the circuit as shown in Figure 1. .
. 1 From your results table, calculate the values in
Connect the voltmeter around the resistor. Use

the DC terminals of the power supply and start )
with the dial on 2 V. 2 For the three masked resistors, compare the

accuracy of the values you obtained to the values
indicated by their coloured bands.

the last column.

3 Use the formula below to calculate the difference
(error) between the two values as a percentage of
the marked value.

9% error = marked value — average calculated value o 1
marked value

4 Identify which value — the one obtained by
reading the coloured bands or the one obtained
from your calculations — provides the most
useful measure of a resistor’s resistance. Justify
your answer (by explaining how each value
is obtained, describing which value is most
relevant to use in a circuit and deciding which

3 Switch on the power supply, take the readings value provides the most useful measure).
on the ammeter and voltmeter, and switch the
power off again straight away (so you don’t
overheat the resistor).

Figure 1 Circuit set-up

Conclusion

Describe what you know about Ohm’s law.
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Table 1 Experiment results

Resistor

Voltage (V) (volts, V) Current (/) (milliamps, mA)

Lesson 2.11
How is power measured?

Key ideas

— The unit of measurement for power is the watt (W), which is the amount of energy
used per second.

— To determine how much you pay for electricity, a power meter is installed and read,
then a bill sent out.

— The energy star rating system is a visual guide to show consumers how energy efficient
an appliance is. The more stars, the more energy efficient.

Introduction

The electrical potential energy of charged particles in an electric circuit decreases as they
move through loads such as light bulbs, toasters and fans. These devices transform electrical
energy into other forms of energy, such as light, heat or kinetic energy. Different electrical
devices convert energy at different rates. For example, a 100 watt light bulb running for

10 hours would use 1 kilowatt-hour of energy. A 1,000 watt microwave would use 1 kilowatt-
hour of energy in just 1 hour.

Energy consumption

The rate at which energy is transformed is called power (P), and its unit of measurement is
the watt (W). If an electrical device uses 1 W of power, it means it consumes 1 J of energy
per second. For example, a 100 W light bulb uses 100 J of energy every second.

The amount of energy used by appliances in your home determines how much you pay on
your electricity bill. To measure energy usage, electricity companies use a unit of
measurement called the kilowatt-hour (kWh). This is the amount of energy a 1-kilowatt
appliance uses in 1 hour. There are 1,000 W in 1 kilowatt (kW), so if you have a 1,000 W
appliance running for 1 hour, it uses 1,000 W x 1 hour = 1,000 watt-hour, or 1 KWh.

Oxford University Press
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Volts + amps

©

Learning intentions
and success criteria

power therate
at which energy is
transformed in a
circuit

watt unit of power;
1 wattis equal to
1 joule per second

kilowatt-hour unit
used by electricity
companies to
measure electricity
usage; itis equal to
the amount of energy
used (in kilowatts) in
one hour
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Electricity companies typically charge a certain rate per kWh, which is listed
on your electricity bill. For instance, if the cost is $0.10 per kWh, running a 1 kW
appliance for 1 hour would cost you 10 cents.

A power meter is a device that measures the power used by an electrical
device. Using a power meter can help you monitor how much electricity an
appliance uses, which can help you save energy and reduce electricity costs.
Power meters are easy to use; you simply plug the power meter into an electrical
outlet and then plug the electrical device into the power meter (Figure 1). The
power meter will show you how many watts the device uses.

Calculate kWh by following these steps.

Divide the power in W by 1,000 to convert them to kKW.

2 Multiply the kW calculated in step 1 by the number of hours the device

# was used.
Figure 1 Plug power meters show how To work out how much the electricity costs, multiply the kWh (calculated in
many watts a device uses. step 2) by the cost of electricity per KWh on your electricity bill.

Worked example 2.11A Energy consumption

a Calculate the energy in kWh that a 3,500 W air conditioner uses in 2 hours.
b If the cost of electricity is $0.20 per kWh, calculate the cost of running the air conditioner for 2 hours.

Solution
m What to do Working out
For part a, to convert W to kW, divide the power in W by 1,000. 3,500 W + 1,000 = 3.5 kW

To calculate the energy used in kWh, multiply the kW by the number of hours 3.5kW X 2h=7kWh
the device was used.

C. For part b, to calculate the cost of running the air conditioner for 2 hours, 7 kWh x $0.20 = $1.40
multiply the kWh by the cost of electricity per KkWh.

Energy star rating

Scientists are constantly trying to design the best appliances possible with the
highest efficiency ratings. This makes the appliances better for the environment
and less costly to power. Do you and your family always buy the most efficient

stars the more

* The more * appliances? Are you familiar with the star ratings on appliances?

energy efficient

The energy star rating labels provide two important pieces of information

E N E RGY about the device: a star rating and the energy consumption per year. A device

R ATI N G o can have between 1 and 6 stars. The more stars, the more energy-efficient the
appliance is, meaning it uses less energy than a model of similar size and features.
Not only is it good to know that less energy is being wasted, but it also means that,

Encrgy consumption

Coldwash T Warm wash on your electricity and gas bills, you are paying for energy that is being used rather
- than for energy that is being thrown away. The other information on an energy

kWh ar . . . .
P star rating label is the energy consumption of the device. It shows how much

When et i o wh ASNZ 3502 electricity a device uses in KkWh per year (Figure 2).

o e e pplance.

Cold washng pertormance has
0t been measured and is not guaranteed.

For more information, refer to

www.energyrating.gov.au

Figure 2 Appliances with a higher star rating are
_ considered more energy efficient.
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Check your learning 2.11

Check your learning 2.11

Retrieve

1

Define the term “power”.

Comprehend

2

Explain the purpose of the energy star

rating labels.

Explain why two appliances with the same power
rating might have different energy star ratings.

Analyse

4 Calculate:

5

a the electrical energy (in KWh) used by a
300 W refrigerator in 24 hours

b the cost of using the refrigerator for 24 hours
if each kKWh costs $0.20.

Calculate:

a the energy in kWh that a 100 W laptop uses in
8 hours

b the cost of running the laptop for 8 hours if
the cost of energy is $0.20 per kWh.

Lesson 2.12
Investigation: Comparing the energy
transformed over time

Purpose

To investigate energy transformation over time

Materials

30 cm nichrome wire
Wires
Alligator clips

Oxford University Press

Apply

6 For three days in a row, record the reading on

your family’s electricity meter at exactly the same

time each day (e.g. 6 pm).

a

Calculate the number of KWh your family
used in the first 24-hour period (subtract the
second reading from the first). Then calculate
the number of KWh your family used in the
second 24-hour period.

Calculate the approximate cost of each
24-hour period’s electricity, assuming that
each kWh costs $0.20. (What information

do I have? Where do I need to place this in

an equation?)

List all the electrical appliances your family used
during this time (e.g. electric hot water, kettle,
electric stove and/or oven, computers, TV).
Identify the items in part ¢ that you think used
the most energy during this time, using the
information from their energy star rating.
Compare the energy efficiency of the items in
part c using their energy star rating.

¢ Power supply

¢  Ammeter

¢ Voltmeter

¢ Calorimeter

¢ Thermometer

e Stirring rod

¢ 100 mL measuring cylinder

¢ Stopwatch
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Procedure

Part A: Prepare the heating coil

1 Wrap the nichrome wire around a pencil to form
a coil shape. Ensure the coils do not touch each
other.

Part B: Set up the circuit

2 Use alligator clips and wires to connect the two
ends of the nichrome wire (heating coil) to the
power supply.

3 Place an ammeter in series with the circuit to
measure the current.

4 Place a voltmeter parallel to the heating coil to
measure the voltage drop.

Part C: Prepare the calorimeter

5 Fill the calorimeter cup with 100 g (100 mL) of
cold water.

6 Insert the thermometer into the water. Make
sure it doesn’t touch the sides or bottom of
the cup.

7 Record the initial temperature of the water.

Part D: Placing the heating coil in the
calorimeter

8 Gently place the nichrome heating coil into
the calorimeter cup. Ensure the coil is fully
submerged in the water and is not touching the
bottom of the calorimeter cup.
9 Secure the coil in place by either of the
following methods.
— Attach the coil to a small piece of string
or thread, which can be tied to the top of
the calorimeter. This keeps the coil from
touching the bottom of the cup or the sides of
the calorimeter.
— Use a small clamp or stand to hold the
coil just above the bottom of the cup while
ensuring it is still submerged in water. If you
use a clamp, make sure it does not touch
the wire directly to avoid any unwanted
energy loss.

86 Oxford Science Stage 5 NSW Curriculum

Part E: Start the experiment

10 Set the voltage of the power supply to 2 V.

11 Turn on the power supply and start the
stopwatch immediately.

12 Set the current to 1 A by adjusting the voltage.
Make sure the current is maintained at 1 A.

13 Record the voltage at 1-minute intervals
throughout the experiment.

14 Monitor the temperature of the water using
the thermometer.

15 Continue the experiment until the water’s
temperature increases by about 10°C.

16 Turn off the power supply.

17 Stir the water gently to ensure uniform
temperature distribution.

18 Record the final temperature of the water.

Calculations

Calculate input energy

1 Calculate the power used in each 1-minute
time interval by multiplying the current by the
voltage drop (P =1 x IV). Record this in the
results table.

2 Multiply the power value for each interval by
60 seconds to calculate the energy used in each
time interval (energy = power X time).

3 Add together the energy used in all time
intervals to calculate the total electrical energy
used during the experiment.

Calculate the heat absorbed by the

water

4 Calculate the heat absorbed by the water (g)
using the formula:

g = mass of water (g) x 4.18 x (final
temperature — initial temperature)

Results

1 Note the initial and final temperatures.

2 Copy and complete Table 1.

Oxford University Press
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Table 1 Experiment results

Time (mins) Voltage (V) Current (A) Power (W) = voltage Input energy (J) =
x current power x 60

Final (10°C) increase

3 Explain any discrepancies between the

Discussion
calculated energy and the heat absorbed by

1 What type of energy transformation occurred in the water.
this experiment?

2 Compare the heat absorbed by the water (¢) to
the total energy input of the circuit.

Lesson 2.13
Energy efficiency can reduce energy

consumption
Key ideas @

— When cooking food, you do not want to lose heat energy to the surroundings or else it Learning intentions
will take longer for the food to cook. and success criteria

— Insulation prevents the transfer of thermal (heat) energy.

— The use of traditional ground ovens by Aboriginal and Torres Strait Islander Peoples
demonstrates their understanding of energy efficiency, ensuring that heat energy is
retained during the cooking process.

Being energy efficient

For thousands of years, Aboriginal and Torres Strait Islander Peoples have used their
understanding of the way energy is transferred and transformed to develop energy-efficient
ways to generate heat and to cook food and not lose the heat energy to the surroundings.

Module 2 Energy 87
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Cooking food

One role of archaeologists is to develop an understanding of traditional methods used by
Aboriginal and Torres Strait Islander Peoples to cook food. With the permission of the
Barengi Gadjin L.and Council Aboriginal Corporation, which represents the Traditional
Owners of the Jadawadjali language group in Western Victoria, archaeologists set out to
recreate a traditional ground oven. They dug a large pit, 25 cm deep, in the earth and lined
the base of the pit with spheres made of clay and sand. On top of the spheres, a fire was
slowly built up until it burned strongly for 1 hour (Figure la—e). When the fire died down to
glowing coal, half the coals and spheres were removed (Figure 1f). Wet reeds were placed on
top of the remaining coals and clay spheres (Figure 1g) before the edible roots of Microseris
scapigera (yam daisy) were placed on top of the reeds. The remaining hot coals and spheres
(Figure 1h) were placed on top of the roots before being covered with large sheets of stringy
bark (Figure 1i) and sand (Figure 1j). The food was cooked overnight. This process of using
the reeds, stringy bark and sand to insulate the heat, reduced the loss of heat and increased
the efficiency of the ground oven.

Figure 1 Recreation of a traditional ground oven

Heating and cooling your house

You probably use electricity or gas to run heating or cooling systems at home. In a hot
environment, energy is needed to remove the heat from inside your home, allowing it to
cool down.

The warm air inside the house is moved over cool pipes in an air conditioner. The thermal
energy of the house air is passed to the refrigerant inside the pipes and is then carried outside
the house. If the house is well designed, thermal energy remains outside and the house
stays cool.
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Home design features

Architects design homes to help control the flow of thermal energy.
They can add a variety of features that help limit the amount of
heating or cooling your house needs.

Insulation

Lining the inside of the walls, floors and roof of your house can
ensure that heat is not transferred between the outside air and the
inside of the house. This keeps the heat inside on a cold day and
outside on a hot day.

Figure 2 Insulation prevents heat energy from being

Re d u Ci n g W| n d ow h eat transferred between the inside and outside of the house.

One of the main places that heat is transferred
is through windows. On a hot day, light and
heat from the Sun can easily penetrate a
window. This transfers heat into the house.

An awning on a window can limit this.
Limiting the number of windows facing the
Sun can also help to prevent the heat being
transferred into the house.

Single glazed

Double-glazed windows have two panes
of glass, separated by an air gap (Figure 3).
Air does not transfer heat very well (it is a
good insulator). A home with double-glazed
windows will not gain much heat during a hot
day or lose heat on a cold night.

. Double glazed

Verandas

Verandas work much like awnings, but also Before After

prevent heat and light from the Sun from
Figure 3 Double-glazed windows use two panes of glass to reduce the transfer of

shining on walls. This stops heat from being .
heat in and out of a house.

transferred to the walls and then to the
air inside.

Figure 4 A veranda prevents heat from being transferred from the Sun to the walls of a house.
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Check your learning 2.13

Check your learning 2.13

Comprehend
1 Explain how insulation reduces the need for

artificial heating and cooling. 2

. . . © [— gl B

2 Describe how window awnings and verandas b 10

keep a house cool in summer. 2 0 ST TR T

5] T~
g -10 Seee=Sly
Apply &
o 0 0 o -20 S~ == .‘~ - -

3 Summarise how architects use their knowledge = " 4’

of energy efficiency to minimise the energy EEZEEEEEEEEEEEZE E

o = o = ] =) o = o
used in a house. Ze B0 L e 50 L0 50 L0 50X
. . = = = =

4 The temperature inside and outside a house

was measured over 4 days and displayed S Indoor temperature (no internal heating)

Fi 5 = === Qutdoor temperature

igure 5.
a Determine from the graph whether the Figure 5 A graph showing the temperature inside and outside a
house was insulated. house
b Justify your answer (by using numbers from
the graph as evidence).
Lesson 2.14
o L]
Challenge: Design an
Desi gn b ri ef ¢ The feature must represent a design feature that
is currently available to homeowners.

Design and build two identical model houses out e The feature must be proportionate in size to
of cardboard or wood. Add a feature to one of the the house.

houses that will make it more efficient in staying
cool. Test your design feature by exposing both
houses to an energy source (a strong light) and

Questioning and predicting

determine the rate of temperature increase for 1 Identify the feature you will add.
G ek, Identify the materials you will use.

Use your knowledge of heat energy to explain
Criteria why your added feature will keep the house cool.

e Only one feature may be added to the
second house.

90 Oxford Science Stage 5 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.

Planning and conducting

1

Explain how you will measure the temperature
of the two houses.

Draw a table that you will use to collect

your data. Include headings and units

of measurement.

Describe how long you will expose the houses to
the energy source.

Processing, analysing
and evaluating

1

Create a graph to compare the data from both
houses.

Describe the rate of temperature increase in
both houses.

3 Calculate how efficient your feature was at
preventing the transfer of thermal energy by
comparing the difference in temperature of the
two houses.

4 Describe the limitations of your design (when it
will not prevent thermal transfer).

5 Explain how you could create a large-scale
version of your design for a real house.

6 Evaluate your design and explain how you
would modify it if you were doing this
experiment again.

Communicating

Present the various stages of your investigation in a
formal scientific report.

Figure 1 General set-up of the experiment

Oxford University Press
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Lesson 2.15

Electricity is generated from

different energy sources

Key ideas

©

Learning intentions
and success criteria

— Global energy consumption has increased since 1900.

— The world is moving towards a greater reliance on electrical energy.

— Electrical generators transform kinetic energy into electrical energy.

Introduction

The world’s energy consumption is increasing as populations grow and people become
wealthier. This global rise in energy demand has prompted efforts worldwide to develop

alternative sources of energy and to become more energy-efficient.

Global energy consumption

Global energy consumption has increased almost every year since 1900 (Figure 1). Until

the mid-1800s, the main sources of energy were renewable, such as

wood and waste from

agriculture (e.g. animal dung and excess plant material), which were burned for heating

and cooking. These sources of energy are called “traditional biomass” (Figure 1). After the

mid-1800s, the use of fossil fuels rapidly expanded. Since 1900, the

majority of energy has

come from coal, oil and natural gas, which are non-renewable energy sources. Today, fossil

fuels remain the dominant energy source worldwide, although the use of renewable sources

is growing.
Global primary energy consumption by source
Primary energy (1) is based on the substitution method (2) and
measured in terawatt-hours (3).
Other renewables
J_ Modern biofuels
180,000 TWh Solar
Wi
160,000TWh Wind
Hydropower
140,000TWh Nuclear
120,000 TWh — Natural gas
100,000TWh
80,000TWh
60,000TWh
40,000TWh
20,000TWh -
—— Traditional biomass

0TWh
1800

1850 1900 1950 2000 2023

Figure 1 Global primary energy consumption

Primary energy (1): raw energy sources (like coal or solar) before conversion, including both usable energy

and losses. The substitution method (2): adjusts non-fossil energy to match fossil

fuel inefficiencies for fair

comparison, using a standard efficiency factor (~0.4). A watt-hour (3): a unit of energy equal to 1 watt used for

1 hour (3,600 joules), often measured in kWh, MWh, etc.
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Australia has abundant fossil fuels, and coal is its main energy source (Figure 2). There
is increasing awareness of the environmental impact of continually burning fossil fuels, and
pressure is being put on politicians to consider climate change when managing the use of
these energy sources. Reducing Australia’s dependency on fossil fuels would decrease the

environmental damage caused by their combustion and the effects of climate change.

Per capita energy from fossil fuels, nuclear and renewables, 2023
Measured in kilowatt-hours of primary energy consumption per person, using the substitution method.

Canada 64,956 kWh 29,239 kWh 99,916 kWh

United States 62,066 kWh 77,028 kWh

Australia 3,779 kWh 63,257 kWh
Sweden [SSEESEEN QYA 30,342 kWh 56,304 kWh
Japan 32,710 kWh 39,210 kWh
France 17,850 kWh 37,164 kWh
China 27,129 kWh 33,267 kWh
United Kingdom 21,153 kWh 28,501 kWh
South Africa 21,068 kWh 22,314 kWh
World [FIMAZEINSY Y 21,394 kWh
Brazil

17,806 kWh

India 7,586 kWh

Figure 2 Energy use (kWh) per person in different countries

The rate of growth in electricity generation has outpaced the growth in total energy
consumption by 25 per cent. This suggests that the world is shifting towards greater
reliance on electrical energy, highlighting the need to explore alternative energy sources for
electricity generation.

There are many ways to generate electricity. Electrical generators convert kinetic energy

into electrical energy. Turbines, which consist of a series of blades mounted on a pole, turbine a large
wheel with angled

drive electricity generators. Different sources of energy, such as water, steam and wind, can sections called vanes,

be used to rotate a turbine’s blades. The turbine is attached to a generator, and the kinetic like a propeller, that
energy of the turbine is transferred to the generator. The generator then converts this i-“l “Stefj tto generate
electricity

energy into electrical energy.
generator a

machine that uses

Generating electricity using renewable sources of energy e clectromagnetic

effect to separate
charges and produce
electricity

Solar energy

Solar energy is the most abundant source of energy. The Sun emits solar radiation as light.

Solar energy technologies, such as solar panels, take this light energy and transform it into

electrical energy. This process is called photovoltaic effect. Solar panels are also called

photovoltaic panels.
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hydropower energy
produced by falling
water that turns
turbines to generate
electricity

geothermal
energy energy that
comes from heat
beneath Earth’s
surface

biomass organic
matter (material from
organisms such as
plants and animals);
arenewable resource
that can be used to
generate energy

biofuel arenewable
energy source
derived from organic
materials, including
plants and animal
waste
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Wind energy

Wind energy is the kinetic energy of moving air. Wind turbines transform this Kinetic energy
into electrical energy. A wind turbine is the opposite of an electric fan which transforms
electrical energy into kinetic energy. Wind turbines consist of large blades mounted on a
tower. As the wind blows, it causes the blades to spin which turns a generator to produce
electricity. Wind farms, which are collections of wind turbines, can be found both onshore
and offshore.

Hydropower

Hydropower uses the gravitational potential energy of water moving from a higher elevation
to a lower point. As the water flows to the lower level, its gravitational potential energy
decreases and is converted to kinetic energy, according to the law of conservation of energy.
The kinetic energy of the water is used to turn a turbine and generate electricity. Hydropower
plants can be found in various forms, including large dams, run-of-the-river systems and
pumped storage systems. These plants provide a significant portion of the world's

renewable energy.

Snowy Hydro 2.0 is the largest renewable energy project in Australia, located in NSW. It
links two dams at different heights: the Tantangara and the Talbingo. Water will be pumped
from the lower dam to the upper dam when there is less demand for electricity. When more
electricity is needed, the water from the upper dam will be released back down to the lower
dam, transforming gravitational potential energy into kKinetic energy. The kinetic energy of
water turns a turbine which generates electricity by converting Kinetic energy into electrical
energy. This project will help provide reliable, renewable energy.

Geothermal energy

Geothermal energy is heat energy from under the Earth’s surface. Steam turbines are used
to transform this heat energy into electrical energy. Geothermal power plants typically use
steam produced from reservoirs of hot water found a few miles or more below Earth’s surface.
The steam is brought to the surface through wells and used to drive turbines connected

to generators.

Biomass

Biomass is an organic energy source. It can come from a variety of sources, such as wood,
crops and animal waste. When biomass is burned, it releases energy that is used for heating,
electricity generation and transportation. These biofuels can be used in place of fossil fuels.

Generating electricity using coal

Fossil fuels are burned to heat water and generate electricity using steam turbines. Coal,

a non-renewable energy source, is still widely used in Australia for electricity generation.

The energy stored in coal is converted into electrical energy in a power station. Since coal is
inexpensive and readily available in Australia, there has been resistance to adopting emerging
renewable technologies, such as solar power, hydropower and wind energy. Despite this
reluctance, scientists are working to encourage the use of these renewable sources and to find
more sustainable methods of using coal. Many people in today’s society, particularly younger
generations, increasingly seek renewable energy sources and adopt more sustainable lifestyles.
While the transition to renewable energy is important, some scientists are exploring methods
to reduce the environmental impact of using coal.

Oxford University Press
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Coal washing

Coal washing removes impurities from the coal. In this process, coal is crushed and mixed
with liquid, allowing contaminants to separate. The coal is then burned, and the harmful
gases produced are treated with limestone and water to remove sulfur dioxide. Nitrogen
oxides can also be reduced, using burners that limit the oxygen involved in the

combustion process.

Coal gasification (IGCC)

Another technique is the Integrated Gasification Combined Cycle (IGCC) system,

which transforms coal into gas for energy production. The IGCC process uses steam and
pressurised hot air to break apart the carbon molecules in coal. This method is more energy-
efficient than directly burning coal to generate heat for turning a turbine.

Carbon capture and storage
(CCS)

When carbon dioxide is emitted from
power plants, it can be captured and stored
through carbon capture and storage (CCS).
Several methods have been developed

to capture carbon dioxide, including

the following.

¢ Flue-gas separation captures carbon
dioxide using steam, which is then
condensed into a concentrated stream.

e Oxy-fuel combustion is a process in
which coal is burned in pure oxygen,
creating a gas composed mostly of
carbon dioxide and water vapour,
without sulfur dioxide or nitrogen
oxides. The carbon dioxide is then stored
in containers, either deep underground
or under the ocean, where it dissolves.

Individual choices and
future developments

coal washing the
process of “cleaning”
coal with water and
chemicals to remove
sulfur and other
impurities before it
is burned at a coal
power plant

Figure 3 Mount Piper is a coal power station near Lithgow in NSW.

In our daily life, the energy choices we make
—such as which appliances to purchase —
can have an impact on energy consumption.
Some appliances are more energy efficient
than others, helping to reduce overall energy
demand. Scientists, including engineers,
biologists, chemists and physicists, are
collaborating to develop new, more
sustainable energy sources. Their work will
play a crucial role in creating a future where
energy consumption is both environmentally
responsible and efficient.

Figure 4 Coal provides a form of non-renewable energy.

Oxford University Press
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Check your learning 2.15

Check your learning 2.15

Retrieve renewable energy sources, specifically nuclear
1 Identify the two waste gases other than carbon energy. This is suggested because Australia has
dioxide that result from burning coal. one of the largest uranium stores on Earth.
2 List three renewable sources of energy used to a Research nuclear power as a source of energy.
generate electricity. b Evaluate nuclear energy and coal energy,
considering ethical issues and how sustainable
Comprehend
they are.

3 Summarise the environmental benefits of using

sl (par ovEr Eoal Skills builder: Conducting investigations

4 Explain how hydroelectric power stations convert 9 Research two sources of information related to

Kinetic energy into electrical energy. the use of coal in Australia. Then investigate
two sources of information related to renewable
Analyse energy in Australia.
5 Use the graph in Figure 1 to identify past trends a List the references for each source.
in energy use and predict future energy demands

at global levels.

b Discuss whether one source was better than

the other.
6 Compare the environmental impact of electricity 19 Scientists assess strategies that are identified as
possible solutions to a problem. An example of a

Apply problem and a possible solution is coal and coal

generation from coal, wind and solar.

washing. Evaluate the method of coal washing by
writing a pros and cons list. (THINK: What is
the value of coal washing? What are the outcomes
of coal washing? Are there better alternatives?)

7 Predict the impact on electricity output if wind
speed decreases on a wind farm.

8 'The use of coal in Australia is widely debated.
Coal has negative environmental impacts, and
people sometimes suggest Australia should use

Lesson 2.16
Solar cells transform the Sun'’s light
energy into electrical energy

@ Key ideas

Learning intentions — Solar energy is converted into electrical energy using solar cells.

and success criteria . . . ) .
— Solar energy is stored in a battery as chemical potential energy, which can be used

when needed.
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Introduction

A solar cell is any device that transforms the Sun’s light energy into electrical energy. The
number of households using the Sun’s light energy to heat water or power heating and cooling
devices is growing rapidly every year.

Using solar energy in Australia

Australia is often known as the sunburnt country. This is a reference to the large number of
hours each day that the Sun shines. Australia is a big country, however, and the number of

hours the Sun shines varies greatly, depending on the location and the time of year. Solar solar energy the

energy from sunlight
that can be converted
into electrical or heat

energy

energy is often measured as the number of peak sunlight hours every day (Figure 1). This is
then averaged out over the whole year. For example, in the Hunter Valley in NSW, the
number of peak hours can be as low as 4.0 hours/day in winter and as high as 6.5 hours/day in
summer. Over a year, this averages out to 5.6 hours/day. In Tasmania, the average number of
peak hours is 3 hours/day. In Queensland, the Northern Territory and Western Australia, the
average number of peak hours each day is 6.
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Peak Sun hours
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Time of day

Figure 1 Graph showing the peak sunlight hours over a day

Converting energy from
the Sun

Using energy from sunlight to power a house
has its problems. The most common time
people use electrical energy is when sunlight
is least available. This means that the light
energy from the Sun needs to be stored so

it can be used at night. This light energy is
transformed into potential chemical energy
in a battery so it can be used to heat water,

L. |

provide light or supply energy for cooking
(Figure 2).

Oxford University Press

Figure 2 The Tesla Powerwall is a rechargeable battery
system that is used to store solar-generated electricity
for use in homes and businesses.
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Figure 3 History of solar cars; the following parts are labelled:

1883: The first solar cell was invented by Charles Fritts. A solar
cell is selenium (a semiconductor) with a thin layer of gold.

1941: The silicon solar cell was invented by Russel Ohl and
had an efficiency of 1 per cent.

1954 Gerald Pearson, Calvin Fuller and Daryl Chapin
improved the efficiency of the silicon solar cell to 6 per cent.
Silicon strips were used to create the first solar panels.

1955: The first solar car invented was a tiny 35 cm vehicle
created by William G. Cobb of General Motors.

1962: International Rectifier Company designed the first solar
car that could be driven. They converted a vintage 1912 Baker
electric car to run on approximately 10,640 PVCs.

1977: Alabama University professor Ed Passerini constructed
his own solar-powered car called “Bluebird”.

1980: Arye Braunstein and colleagues at Tel Aviv University
(Israel) designed a solar car with a solar panel on the roof and
hood of the car. The car was recorded reaching 65 km/h with
a maximum range of 80 km.

1982: Australian brothers Larry and Garry Perkins designed
and hand-built the “Quiet Achiever”, the first vehicle driven
across a continent using only solar power. Larry and Hans
Tholstrup drove the Quiet Achiever from the east coast of
Australia to the west coast. Their feat is recognised in the
World Solar Challenge, a solar car race that allows designers
to compete in a race across Australia every 2 years.

1987: GM Sunraycer completed a 3,010 km trip in California
with an average speed of 67 km/h.

2014: A solar-powered family car (with four seats) called
“Stella” was driven 613 km from Los Angeles to San Francisco.

1980: Englishman Alain Freeman road-registered a three-

wheeler solar car with a solar panel on the roof.

photovoltaic cells
(pv cells) solar cells
that transform solar
energy into electrical
energy; also known
as pv cells

Capturing the light energy

Solar panels are a collection of solar cells called photovoltaic cells (PV cells). When light
shines on the surface of PV cells, the light energy is transformed into electrical energy. The
most efficient PV cells currently convert 30 per cent of the energy they receive from the Sun.

Alternatives to fossil fuel cars

Since the beginning of the 1900s, people have relied on cars to move from one place to
the next. Cars rely on the chemical energy in fossil fuels (petrol and diesel) to generate the
kinetic energy to move. This energy transformation from chemical energy to movement

energy has contributed to the carbon
dioxide that is warming the atmosphere.
As a result, scientists and engineers are
working to develop alternative forms of
energy transformation.

Hybrid cars combine combustion
engines that use fossil fuels with electric
motors that use energy stored in a
battery. The car uses the electric motor
at low speeds and the combustion engine
when accelerating and travelling at faster
speeds. Hybrid cars cannot be plugged

into the energy grid to charge the battery.

98 Oxford Science Stage 5 NSW Curriculum

Figure 4 A three-wheeled solar car with a solar panel on
the roof
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Instead, the battery is recharged by converting kinetic energy (from when the car brakes or
coasts) into electrical energy and storing it in the battery.

Electric cars use the chemical energy in batteries to generate Kinetic energy. The batteries
can be charged through the same electrical grid that powers your house. They can also use
solar panels to transform sunlight into electrical energy, which can be stored as chemical
potential energy in the battery.

Solar cars use a variety of solar panels to transform light energy into Kinetic energy.
Most current solar-powered vehicles only carry one person (Figure 4). They are lightweight
(approximately 600 kg) so that they are more energy efficient.

Check your learning 2.16

Check your learning 2.16

Retrieve

1 Define the following terms:
a 'Tesla Powerwall
b photovoltaic cell.

2 Recall why Australia is known as the
sunburnt country.

Analyse

Figure 5 A 1970s electric CitiCar

3 Explain why it is important to store solar energy.
4 Compare the carbon footprint of fossil fuel cars,

hybrid cars and electric cars. 6 Imagine your family needs to buy a car and asks

your opinion on choosing between a fossil fuel

Apply

5 Investigate the challenges electric cars face in

terms of battery life and charging infrastructure.

Oxford University Press

car, a hybrid or an electric car. Which option
would you suggest? Explain your choice in terms
of cost and environmental impacts. >
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< Skills builder: Processing and analysing data

7 The amount of (photovoltaic) sunshine available
across Australia changes according to the time of
the year (Figure 6). Photovoltaic data is collected
by a number of Australian research groups to
track the effectiveness of energy transformation
from light energy to electrical energy.

Analyse the graphs by answering the

questions below.

a Identify the variable on the horizontal x-axis.

b Identify the variable on the vertical y-axis.

¢ Identify Queensland’s maximum percentage
of photovoltaic capacity from the graphs.

d The data was collected at different times of
the year. Evaluate the energy efficiency of the
different seasons by answering the following.
i Identify which graph has the highest value.

ii Explain how the different seasons affect the
level of sunshine available in Queensland.

iii Decide which season produces the highest
percentage of photovoltaic capacity.

e Evaluate which state is capable of
transforming the most light energy into
electrical energy through the use of PV cells
by answering the following.

i Identify which state has high percentages of
photovoltaic capacity in both seasons.

ii Explain why transforming light energy
across the whole year is more important
than transforming the most light energy in
just one season.

iii Decide which state is capable of
transforming the most light energy into
electrical energy.
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Lesson 2.17
Review: Energy

summary

Lesson 2.1 Energy cannot be created or destroyed

e The law of conservation of energy states that energy

cannot be created or destroyed.

e When energy is transformed, waste energy
is produced.

» Efficient energy transformations produce less
waste energy.

Lesson 2.2 Sankey diagrams can represent energy
efficiency

e The conservation of energy can be represented in a

Sankey diagram.
Lesson 2.4 Electricity can flow through circuits

e A closed circuit occurs when the positive and
negative charges can be separated and reunited.

* An electrical conductor allows the charges to
flow easily.

e An electrical insulator restricts the movement of
the charges.

Lesson 2.7 Current can flow through series and
parallel circuits

e In a series circuit, the loads are connected one after

the other, and the current is the same throughout
the circuit.
e In a parallel circuit, the loads are parallel to one
another, and the current is shared between them.
e A short circuit occurs when the electrical
energy can move through an easier path with
less resistance.

Lesson 2.9 Voltage, current and resistance

* Voltage is a measure of the difference in electrical

Lesson 2.11 How is power measured?

The unit of measurement for power is the watt (W),
which is the amount of energy used per second.
To determine how much you pay for electricity,

a power meter is installed and read, then a bill
sent out.

The energy star rating system is a visual guide to
show consumers how energy efficient an appliance
is. The more stars, the more energy efficient.

Lesson 2.13 Energy efficiency can reduce energy
consumption

When cooking food, you do not want to lose heat
energy to the surroundings or else it will take longer
for the food to cook.

Insulation prevents the transfer of thermal (heat)
energy.

The use of traditional ground ovens by Aboriginal
and Torres Strait Islander Peoples demonstrates
their understanding of energy efficiency,

ensuring that heat energy is retained during the
cooking process.

Lesson 2.15 Electricity is generated from different
energy sources

Global energy consumption has increased

since 1900.

The world is moving towards a greater reliance on
electrical energy.

Electrical generators transform kinetic energy into
electrical energy.

Lesson 2.16 Solar cells transform the Sun'’s light
energy into electrical energy

potential energy carried by charged particles e Solar energy is converted into electrical energy
between different points in a circuit. using solar cells.
* Voltage can be measured using a voltmeter or e Solar energy is stored in a battery as chemical
multimeter in parallel to the circuit. potential energy, which can be used when needed.
* Resistance is a measure of how difficult it is for the

current to flow through part of the circuit.

Module 2 Energy 101
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Review q uestions 2.17 8 Identify the correct labels for A, B and C in

Figure 3.

Review questions Module 2

Retrieve

1 The units of voltage, current and resistance,
respectively, are:
A amps, ohms and volts

B ohms, volts and amps

C volts, amps and ohms

-(2)

D volts, ohms and amps.

. . Figure 3 Circuit diagram
2 A 50 Q resistor is connected to a 10 V battery. The

current flowing through it is . Comprehend
If the voltage is doubled, then the current will 9 Describe how
be current moves in a
A SA25A parallel circuit.
B 024,01 A 10 Figure 4 shows a
C 5A,10A block of ice melting.
D 024,044 a Describe what Figure 4 A block of ice melting
3 A voltmeter is connected in in a circuit, is happening to
and an ammeter is connected in in the molecules as the ice melts. Draw a diagram
a circuit. to illustrate your answer.
A series, series b Explain where the energy to melt the ice comes
B parallel, parallel from. Explain how the energy is transferred to
C series, parallel the molecules of ice.
D parallel, series Analyse
4 Identify the circuit in Figure 1 as either parallel 11 Draw a circuit diagram showing a battery and a
or series. switch, with a globe on either side of the switch.
a Does it matter where in the circuit the switch
is placed?
b Show the direction of electron flow and the
direction of conventional current.
12 Calculate the current flowing through a 30 Q
resistor when it has a voltage drop of 12 V across it.
13 Calculate the voltage drop across a 50 Q resistor
Figure 1 Identify the circuit. when a current of 25 mA flows through it.

5 Identify each symbol (ammeter, cell, globe or 14 Calculate the value of a resistor that has a voltage

switch) in Figure 2.

N\
/

drop of 18 V across it when a current of 0.3 A flows
through it.

15 Draw a circuit diagram showing a battery, three
globes and a switch that turns off the whole circuit.

Two globes are in series, while the third globe is in

parallel with the other two globes.

O\

16 Explain wh h is wi i llel.
Figure 2 Gircuit symbols 6 Explain why your home is wired in paralle

17 Consider why it is scientifically incorrect to say that

Define the term “resistance”. the fridge passed on its cold energy to you.
7 In your own words, describe Ohm’s law. 18 Compare current and voltage.
102 Oxford Science Stage 5 NSW Curriculum Oxford University Press
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Apply Research

19 Assess the use of coal in Australia to 28

generate electricity.

20 Explain why your home is wired in parallel.

21 Aboriginal and Torres Strait Islander Peoples have
used possum, kangaroo and wallaby skin coats to
keep themselves warm. Traditionally, the skin was
worn with the fur facing towards the body to reduce
heat loss. Use your understanding of the transfer
of thermal energy to discuss the effectiveness of
this strategy.

22 Rubber and wood have very high resistance to the
flow of electricity. Propose how this will affect the
current and voltage in a circuit.

Critical and creative thinking

23 A storm has blown a tree over on the main power
line to your neighbourhood. The electricity supply
is cut. Describe your day without electricity.

24 Investigate two sources of information related to
the use of coal in Australia. Then investigate two
sources of information that provide an alternate
energy source in Australia.

a Write down references for each source.
b Discuss whether one source is better than
the other.

25 Construct a fair experiment to investigate the effect
of increasing resistance on the current.

a Write a hypothesis for the experiment.

b Determine independent, dependent and
controlled variables.

¢ Write a method for performing the experiment.

d Draw a labelled scientific diagram of the
equipment set-up.

26 The use of coal in Australia causes debate among
people. Coal has negative environmental impacts,
and people sometimes suggest Australia should
use renewable energy sources, specifically nuclear
energy. This is suggested because Australia has the
largest uranium stores on Earth.

a Investigate nuclear power as a source of energy.
b Create a table to compare nuclear energy and
coal energy.

27 Use your understanding of current and voltage to
create a model of the flow of electricity through a
circuit. You might use people or even an animation
as your model.

Oxford University Press

Choose one of the following topics for a research
project. A few guiding questions have been
provided, but you should add more questions that
you wish to investigate. Present your report in a
format of your own choosing.

Incandescent light globes

Incandescent light globes are traditional light
globes. You are likely to see them around homes.
What does “incandescent” mean? What are
incandescent light globes made of? Why must
the filament be contained in an inert gas like
argon? What temperature does the filament need
to be heated to so that it gives off light? How
efficient are incandescent light globes?

Generating electricity

Australia is powered via coal energy, which is
created at coal power stations. Why do they need
to burn coal? What is water steam used for?
How can wind energy or any other renewable
resources be used instead of coal?

Energy-efficient housing

In previous societies, energy efficiency was
important because people had limited access

to the types of energy supplies and their
applications that we have today. Research how
civilisations in tropical areas designed their
homes to keep them cool and damp-free. What
different types of energy-efficiency practices
have humans used through the ages?

Imagine your family needs to buy a car and asks
your opinion on choosing between a fossil fuel
car, a hybrid or an electric car. Which option
would you suggest? Explain your choice in terms
of cost and environmental impacts.
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Module

Homeostasis

The nervous and endocrine systems work together to
help the body respond to changes and keep everything
in balance. They help control the body’s reactions to
temperature, light, danger, hunger or thirst by sending
electrical signals (nervous system) and hormones
(endocrine system) from one part of the body to another.
The body’s ability to respond to internal changes and
ensure conditions are stable is called homeostasis. Our
systems use feedback loops to adjust and fix things
when needed, including keeping body temperature

or blood sugar levels steady. Diseases like diabetes

can cause problems with these systems, showing how
important balance is for health. Understanding these
feedback loops has helped create treatments such as
insulin for diabetes.
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Lessons in this module

Lesson 3.1 Homeostasis regulates through negative
feedback loops (page 106)

Lesson 3.2 Investigation: Experiencing homeostasis
(page 111)
Lesson 3.3 Human and animal responses to stimuli
(page 113)

Lesson 3.4 Plant responses to stimuli (page 120)
Lesson 3.5 Nerve cells are called neurons (page 122)

Lesson 3.6 The nervous system controls our body
(page 125)

Lesson 3.7 Skills lab: Sheep brain dissection (page 130)

Lesson 3.8 The endocrine system causes long-lasting
effects (page 131)

Lesson 3.9 Review: Homeostasis (page 135)
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©

Learning intentions
and success criteria

homeostasis the
process by which the
body detects and
responds to stimuli
to ensure a stable
internal state is
maintained

negative feedback
loop aregulatory
mechanism in which
the stimulus causes
aresponse that

acts in the opposite
direction to whatever
is being regulated

stimulus any
information that the
body receives that
causes it to respond

response the

action or change

in behaviour or
physiology that
occurs as aresultofa
stimulus

receptor a
specialised cell that
detects a stimulus or
change in the normal
functioning of the
body

hypothalamus the
region at the centre
of the brain that
produces hormones
and regulates
important body
functions such

as sleep, body
temperature and
heart rate

effector acell,
tissue or organ
that responds to a
stimulus

Lesson 3.1

Homeostasis regulates through

negative feedback loops

Key ideas

— The body needs to detect and correct changes in its levels of nutrients, water and

temperature to stay healthy.

— Homeostasis is the process whereby the body regulates and maintains a stable,

balanced condition inside the body

— Negative feedback loops occur when the body responds in a way that removes the

initial change (stimulus).

Homeostasis

Humans can only survive in very specific environments. Our bodies have particular

requirements, including the right amount of nutrients, water and oxygen. Conditions must

be kept within a very narrow range to maintain normal cell function. If fluctuations occur

outside the “normal range”, it can lead to serious ill health.

The body’s ability to detect and respond to internal changes to ensure conditions stay
within this normal, stable state is called homeostasis. The monitoring and adjusting of
body conditions to maintain homeostasis occurs via negative feedback loops (or negative

feedback mechanisms). These mechanisms are called negative feedback loops because a

stimulus (change in the body or environment) causes a response that acts in the opposite

direction to the change.

Body temperature

In Australia, the average life expectancy is 83 years.

For that entire time, the core body temperature must

be maintained at 37°C. If you were lost in a desert or in
freezing temperatures, your body would try to maintain this
temperature at all times to keep all cells working efficiently.
An increase or decrease by as little at 3°C can be fatal.

To maintain body temperature, our body uses a
mechanism that is similar to a thermostat in a heater.
When temperature receptors on our skin and in the
hypothalamus of our brain detect our core body
temperature decreasing (a stimulus), a message is sent to a
variety of effectors around our body. Effectors are cells,
tissues or organs that cause a change in the way our body
functions. This may include muscles to make us shiver (to
warm up) or blood vessels to redirect the flow of warm
blood to the important organs in our body (heart, liver
and brain).

106 Oxford Science Stage 5 NSW Curriculum
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Figure 1 Homeostasis is your body’s
ability to regulate and maintain a stable
condition (balance) inside your body,
regardless of changes to the external
environment.
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Figure 2 (A) When your body gets too hot, homeostasis ensures you cool down by sweating. (B) When your body
temperature begins to fall, homeostasis causes shivering to raise your body temperature.

If the temperature receptors detect that we are too hot (a stimulus), then the effectors
include our sweat glands and blood vessels. Our body responds by sending more blood, which
is carrying heat, to our skin, where sweat is evaporating. The evaporation of the sweat carries
the heat away and cools us down. The body always responds to return the body temperature

to 37°C (Figure 2).

Hormones at work

The rate of hormone production and secretion is often regulated by a negative feedback loop.
If a stimulus is received that indicates something in the body is happening “too much”, the
body has receptors to detect it. The body responds by producing a hormone to remove the

stimulus and return the body to normal.

Blood glucose

hormone achemical
messenger that

travels through blood
vessels to target cells

As we eat, food gets broken down into smaller nutrients. All carbohydrates get broken down
into simple sugars, including glucose. These glucose molecules travel through our blood and
provide energy for cellular respiration (the reaction of glucose with oxygen to produce energy,

carbon dioxide and water).

High blood glucose

Too much glucose in the blood (hyperglycaemia) is
not healthy because it causes water to be lost from cells
through osmosis. Our body uses a negative feedback
loop to control the amount of glucose in our blood. If
the concentration of glucose in our blood is too high
(stimulus), then receptors in the pancreas detect it
(Figure 3). The pancreas then releases a hormone
called insulin into the blood. Insulin travels throughout
the body to insulin receptors on the target muscle and
liver cells. These cells then act as effectors and remove
glucose from the blood. This causes the blood glucose
to decrease, removing the original stimulus (high blood
glucose) (Figure 4).

Oxford University Press

hyperglycaemia a
condition resulting
from too much
glucose in the blood

- land Pineal gland
tuitary glan Hypothalamus

Thyroid gland

Pancreas
Kidney

Adrenal gland

1

Figure 3 The pancreas is the endocrine organ responsible for the
regulation of blood glucose levels.
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Ve o J \ 7
glycogen store as glucose to
glucose glycogen

Figure 4 Eating a meal will increase blood glucose levels, while heavy exercise will decrease blood glucose levels. The pancreas and the liver work
together to maintain healthy glucose levels in the body using negative feedback loops.

Low blood glucose

hypoglycaemia a If blood glucose levels are too low (hypoglycaemia), our body will use negative feedback
condition resulting loops to restore levels to a homeostatic state. L.ow glucose levels are detected by receptors
from too little glucose . . . . .

in the pancreas (stimulus). This time, the hormone glucagon is released into the blood.

in the blood
Receptors for glucagon are also found on the effector cells in the liver and muscles. Glucagon
binds to the receptors, causing the muscle and liver cells to release stored glucose into the
blood (response), increasing the amount of blood glucose and removing the original stimulus
(low blood glucose; Figure 4 and Figure 5).
140 Water regulation
120 4 You may have noticed that when you
1067 " drink a lot of water, you need to visit the
nsulin .
------------------------------------------- Setpoint  bathroom in the next hour. Your body
30 3 8 2 g T .
£ & g & £ uses homeostasis to control the balance
154 - 54 @ . .
60 £ & ©] & £ of water in your body. Water is needed
9 s T 1 9 . .
R ! g ¥ N to control all the chemical reactions that
cal 2 @ &0 7] ca =1 . .
5 3 3 it 5] occur in the cells. If there is too much or
20 4 = =) 2 . . .
O O O too little water, these chemical reactions
0 T T T T T T 1 will be affected, and the cells can
7 am 8 am 9 am 10 am 11 am 12 pm 1 pm 2 pm

become damaged.

Figure 5 To maintain homeostasis, the body releases insulin when blood glucose levels
are high and releases glucagon when blood glucose is low.
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The water balance in your body is tightly controlled by the
hypothalamus in your brain (Figure 3). If it has been a hot day H
or you have been doing physical exercise and sweating, then your .
body may have lost a lot of water. Receptors in the hypothalamus g
detect changes in fluid levels in your blood and send a message to

the pituitary gland at the base of your brain. The pituitary gland ! pituitary gland a
i

small gland at the
base of the brain that
produces hormones

releases a chemical messenger called antidiuretic hormone
(ADH) into your blood.

This hormone travels all around your body until it reaches antidiuretic
target effector cells in your kidney. The ADH binds to the | hormone (ADH) a

T it g

receptors on the effector cells, causing them to reabsorb extra % (-«;; hormone that
) ] ) - regulates the amount
water from your urine. This makes your urine more concentrated of water in the body

or darker in colour. The extra water that was reabsorbed goes back .

. . . o Figure 6 Water controls
into the blood, keeping the blood volume high. This is a form of the chemical reactions
negative feedback because the response (reabsorbing water from that occur in cells.

the urine and returning it to the blood) results in a decrease of the

stimulus (improving water levels in the blood).

Drinking a lot of water causes the blood volume to increase. This is also detected by
receptors in the hypothalamus. This time, the message to the pituitary gland is “Stop
producing ADH?”. The lack of ADH is detected by the effector cells in the kidney and they
stop reabsorbing water from the urine. This means the urine has more water in it, and it
becomes very clear and diluted (Figure 7).

Water content Water content
of the blood e N 7 ” of the blood
LOW HIGH

Too much salt Too much
or sweating water drunk

Water content

Brain of the blood normal Brain
produces produces
more less
ADH ADH

High volume of water
reabsorbed by kidney

Low volume of water
reabsorbed by kidney

N Urine output J \. Urine output -— S

LOW HIGH
(small volume of (large volume of
concentrated urine) diluted urine)

Figure 7 Negative feedback loops regulate water in the human body.
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Oxygen and carbon dioxide homeostasis

Have you ever wondered why you feel out of breath when running

a race? Oxygen and carbon dioxide in the blood are under strict
homeostatic control. You need the oxygen for cellular respiration in a
cell. Carbon dioxide is the waste product of this reaction.

Sprinting during a race causes the muscle cells in your legs to use a
lot of glucose and oxygen and to produce a lot of carbon dioxide. The
muscle cells release the carbon dioxide into the blood, where it forms

— carbonic acid. This is not good for your body. The acid content of

Figure 8 You may feel out of breath after running a the blood is measured by receptors in the medulla in the brain stem.
race. If the level is too high from excess carbon dioxide, a message is sent
through the nervous system to the muscles that control your breathing.
This causes the diaphragm to move faster, increasing the rate of your
breathing and making you feel out of breath. The message also goes to
the heart to make it beat faster. This makes the blood move around the
body faster, carrying the carbon dioxide to the lungs where it can be
removed by breathing out. These two responses act as negative feedback,
removing the stimulus of high levels of carbon dioxide in the blood.

Meditation often involves sitting or lying down and relaxing. This
means the level of cellular respiration in muscles is low. Little oxygen
is used and little carbon dioxide is produced. As a result, the levels of
carbon dioxide in the blood decrease. The receptors in the medulla
once again detect the change from the homeostatic state and signal the

Figure 9 When you meditate, the carbon dioxide ] ; )
levels in your body decrease. heart to slow its beat and the lungs to slow their breathing.

Positive feedback loops

A positive feedback loop (which are rare) is the opposite of a negative feedback loop where a

temporary response leads to more of a hormone being released, amplifying the effect until the

outcome is achieved, after which a negative feedback loop takes over to return to homeostasis.
An example of this is when a baby is ready to be born.

¢ The baby pushes against the cervix during labour.

¢ Oxytocin is released from the pituitary gland because of impulses sent to the brain.

e The uterus contracts and as more pressure is applied, more oxytocin is released.

¢ The positive feedback loop ends once the baby is born as it is no longer pushing on
the cervix.

Check your learning 3.1

Check your learning 3.1

Retrieve Comprehend
1 Define the term “homeostasis™. 3 Explain how your body responds to cold weather.
2 Identify the stimulus, location of receptors, 4 Describe how your blood sugar level changes
effectors and response related to high when you eat.
body temperature. 5 Describe how your body responds to low blood

sugar levels.
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Analyse a Identify what equipment you would need to
6 If a negative feedback loop reduces the effect of measure temperature in humans. (THINK:
a hormone, infer what a positive feedback loop What s the best device to use?)
should do. Can you think of any examples? b Explain whether taking someone’s pulse with
your fingers would be as successful as using
Apply a device, such as a smart watch. (THINK:
7 Discuss how and why your body responds to What could go wrong measuring a pulse
the following: with fingers? Are the results from a device
a drinking a bottle of water more accurate?)
b swimming 15 m under water ¢ Recall why it is important to use the
¢ swimming in the ocean on a cold day. appropriate device to measure a body
8 In type 1 diabetes, cells in the pancreas are response. (THINK: How might the wrong
unable to produce insulin. Predict what effect this device impact your results?)

would have on blood glucose levels.

9 Construct a negative feedback loop to show how
body temperature is regulated.

Skills builder: Planning investigations

10 To investigate homeostasis in humans, scientists
may need to test body responses, including Figure 10 What is the best device to measure a body response?
temperature and heart rate.

Lesson 3.2
Investigation: Experiencing homeostasis

Pu rpOS e 2 Multiply this number by 4 to de.termine the
number of beats every minute (i.e. your heart

To demonstrate how homeostasis maintains control rate in beats per minute).

of our heart rate during and after exercise 3 Measure your breathing rate by counting the
number of breaths you take in 1 minute.

Materia |S 4 Do repeated step-ups or star jumps for
2 minutes. (Make sure you are wearing

e Stopwatch appropriate shoes.)

e Heart rate monitor (optional) S Measure your heart rate and breathing rate

immediately after you stop exercising.

Proce d ure 6 Measure Your heart rate a.md breathing rate
every 2 minutes for 10 minutes.
1 While sitting down, find your pulse and
count the number of times your heart beats in
15 seconds.
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<

Results

Record the data by copying and completing
Table 1.

Draw a line graph showing how your heart rate
varied after exercise.

Draw a line graph showing how your breathing

rate varied after exercise.

Table 1 Heart rate and breathing rate before and after exercise

Time Heart rate Breathing
(minutes) (beats/minute) rate (breaths/
minute)

0 (before exercise)

2

4

10

Discussion

Describe how your breathing rate changed
during exercise and in the 10 minutes after
exercise.

Describe how your heart rate changed

during exercise.

Describe what happened to your heart rate
during the 10 minutes after exercise.

Use the concept of homeostasis to explain why
your heart rate was different before, during and
after exercise.

112 Oxford Science Stage 5 NSW Curriculum

5 Describe how you could ensure that the way
you measured your heart rate and breathing rate
was accurate.

6 Explain any changes you noticed in your
breathing rate and heart rate.

7 Compare your results to others in your class.
Determine the mean heart rate before the
exercise started and immediately after finishing
the exercise. Compare this to the median and
mode values at these times.

8 Identify any outliers of the mean heart rate
after exercise. Explain how these affected the
mean value.

9 Identify any random or systematic errors that
could explain the outliers and how this could be
improved if the experiment was repeated.

10 Use the concept of homeostasis to explain why
your heart rate was different before, during and
after exercise.

Conclusion

Describe how homeostasis ensures that our muscles
get enough nutrients and that wastes are removed
during exercise.

Figure 1 Heart rate monitor on a smart watch
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Lesson 3.3
Human and animal responses
to stimuli

Key ideas @

— Humans and animals have receptors that detect changes (stimuli) in the environment.

Learning intentions
and success criteria

— The five main external receptors detect light, sound, touch, and chemicals in the mouth
(taste) and the air (smell).

Introduction

Humans and animals use five senses to detect changes in the environment; these senses are
sight, hearing, taste, smell and touch. The degree to which the senses are used depends on
the environment and the adaptations that humans and animals have developed to survive
those conditions. Each sense is associated with specialised receptors that will detect
changes and bring about a response.

Human responses to stimuli

Responding to change

Our bodies are constantly responding to internal and external changes. A stimulus
is any information our body receives that might cause it to respond. Responding
to a stimulus can prevent major changes to the internal environment that might
otherwise cause us to become ill or possibly die.

The easiest stimuli to identify are those we detect with the major sense organs Figure 1 We often respond to hot
(the eyes, ears, tongue, nose and skin). What makes you aware that you’re hungry weather by drinking more water.
or thirsty? Something in your body is communicating with your brain to tell you
to find food or water (Figure 1). A similar process occurs when you feel tired or have a
headache. What is the source of these stimuli?

Other examples of stimuli are less obvious. We are surrounded
by bacteria, viruses and fungi. Although many of them are too
small to see, our bodies are constantly monitoring their numbers
and fighting off harmful microorganisms that could make us sick
(Figure 2).

Your body is an amazing combination of cells, tissues,
organs and systems, all working together. Each plays a part in
detecting stimuli and passing on the information to other parts
of the body. The cells that detect stimuli or changes in the
environment are called receptors. There are different receptors
for different purposes; for example, cells that detect light are
called photoreceptors, while those that detect smell are called

Figure 2 The human papillomavirus (seen here under

a microscope) stimulates an immune response in the

olfactory receptors. human body.
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The sense organs

Our body can detect five main signals: light (sight), sound (hearing), chemicals in our mouth
(taste) and in the air (smell) and touch. These are external senses because they tell us about

photoreceptor a
cell in the eye that
detects light

The lens focuses

incoming light. Photoreceptor

cells in the retina
change light into
nerve signals.

The cornea bends
incoming light.

Nerve impulses

the world outside our body. The sense organs — the eyes, ears, tongue, nose and skin — are
highly specialised to receive stimuli from the environment.

Sight

Sight tells us more about the world than
any other sense. When light enters the eye,
the photoreceptors convert the light into
electrical signals. Two messages are sent;
one message is to the iris (the coloured part
of your eye), telling it to constrict and close

travel through
the optic nerve
to the brain.

the pupil, and the other message is to the
brain via the optic nerve. The message sent
along the optic nerve is interpreted by the

brain, which then tells you what you are
looking at (Figure 3). You can observe the
eye responding to light by pairing up with a
partner and watching what happens to their

The iris controls
the amount of

light entering the eye. pupils when they open and close their eyes.

Figure 3 Photoreceptors in the human eye transform light into nerve signals.

Hearing

The strumming of a guitar causes the particles in the air to vibrate. This causes your
eardrums to vibrate. The vibrations are transferred along the bones of the middle ear — the
smallest bones in your body — into your cochlea to be converted into nerve impulses (Figure 4).
The brain then interprets the information, telling you what you are hearing.

Nerve impulses travel
through the auditory
nerve to the brain.

Sounds enter the ear
through the ear canal.

Eardrum

The cochlea contains fluid that moves due
to vibrations coming from the middle ear.
This motion becomes an electrical signal
that is passed to nerve cells.

Vibrations passing through
the middle ear are changed to
nerve impulses.

Figure 4 The human ear transfers vibrations to the middle ear.
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Taste

Your tongue is covered in thousands of tiny taste buds (Figure 5). You can see this in a
mirror. Taste buds contain special receptor cells that react to chemicals in foods. These
chemical receptors recognise basic kinds of taste molecules, such as sweet, sour, salty, bitter
and umami (savoury). When you eat or drink, the information from the taste receptor cells is
sent to your brain through nerves. It is the mix of chemical molecules that your brain detects
as the flavours you are tasting.

Sweet Sour Salty Bitter Umami

Figure 5 The idea that the human tongue has different regions that detect different tastes has been
debunked, as it was a misinterpretation of a paper from 1901 which showed differences in sensitivity.

Smell

Like taste, our perception of smell depends on chemical (olfactory) receptors. The receptors
in our nostrils detect chemicals in the air and then send messages to the brain, which
interprets the messages and tells us what we are smelling (Figure 6). Smell is closely linked to
taste. If this seems strange, think about the last time you had a bad cold that caused a blocked
nose. Did it affect your ability to taste? A lot of what people think is taste is actually smell.

Mucus provided by
nasal sinuses helps to
trap bacteria and
small particles.

Smell receptors above the nasal cavity
stimulate olfactory bulb, which
sends messages to the brain.

A
b
/
/
=

vl

Air moves through
e g the nasal cavity to the
back of the throat.

1": 2

s

—~———

\ By .; —
LA T s

ir \/;,rj

Air travels to
the trachea and
into the lungs.

Air enters the nose
through the nostrils.

Figure 6 Smell receptors in human nostrils detect chemicals and send messages to the brain.
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Touch

thermoreceptor a While the other four senses are in specific locations, touch is felt all over the body through
zggfti!:s;rature the skin (Figure 7). The inner layer of skin, called the dermis, contains many nerve endings
that can detect temperature (thermoreceptors), pressure (mechanoreceptors) and pain

h t . . . . .
mechanoreceptor a (pain receptors). Information is collected by the different receptors and sent to the brain for

nerve cell that

detects pressure or processing and reaction.
touch
Hair
Sweat pore
Epidermis
Papillae
|l —
",-'JS-T /’“\ -;-W.-;c‘.’:.r:l. Ti"
Capillaries near Dermis
surface of skin
Subcutaneous
fat layer

Sweat gland

Hair root Blood vessels

Figure 7 A cross-section of human skin

Animal senses

While most animals use the same five senses as humans, some have additional senses that
magnetoreception the help them detect different stimuli and respond accordingly. For example, magnetoreception
fnb;g;yett?:f?:lsdi Earth's is the ability of migratory animals to sense the Earth’s magnetic fields, which they use to

guide their movement. Some migratory birds can even find the same nest site they used the

previous year after travelling thousands of kilometres, and homing pigeons can find their way
home (Figure 8A).
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Some animals, including the platypus and echidna, use electroreception to detect prey.
When prey move, their muscle contractions generate an electrical impulse that is detected by
specialised receptors called electroreceptors. This can be observed by watching a platypus
hunt a small shrimp in murky waters (Figure 8B).

Dolphins and bats use echolocation to interpret and respond to their environment.
Echolocation involves the animal emitting a pulse of sound that creates an echo when
it bounces off an object or prey. When the returning sound is detected, the animal can
determine the distance and location of the object (Figure 8C).

% i '._.
4|| Illlli

electroreception
the ability to sense
electric fields
generated by other
animals

echolocation the
ability to use sound
to navigate and hunt

Figure 8 Different sensory systems are found in the animal kingdom. (A) Magnetoreception is used by homing pigeons to find their way

home. (B) Platypuses use electroreception to locate prey. (C) Dolphins use echolocation to navigate and locate prey.

Different animal responses to temperature

Ectotherms are animals that are unable to regulate their own body temperature; examples
are amphibians, reptiles and invertebrates. If the external temperature increases, then their
internal temperature increases, and if the external temperature decreases, then their internal
temperature decreases. For example, when a lizard’s thermoreceptors detect a decrease in body
temperature, the lizard will seek out a warm rock to lie on (Figure 9). This will bring its body
temperature back up. The lizard needs to leave the rock eventually so that it doesn’t overheat.

Figure 9 Ectotherms are unable to regulate their own body temperature. They are dependent on the temperature
of their environment for heating and cooling.

ectotherm an
animal that is unable
to regulate its own
body temperature
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endotherm an
animal that regulates
its own body
temperature

migrate the
movement of an
animal from one
region to another,
typically in response
to changing seasons

hibernation an
extended period of
inactivity, typically in
response to colder
conditions

g 3 Sk
ure 12 The great wilde »
urs every year as millions of wildebeest

F%ve‘ to find more food and water.
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Endotherms are animals that regulate their own body temperature; examples of
endotherms are mammals (including humans) and birds. An endotherm’s internal body
temperature remains constant throughout their life, regardless of the external temperature.
For example, a polar bear living in the Arctic region at —50°C or a camel living in the Gobi
Desert at 42°C will both maintain an internal body temperature of 37°C (Figure 10).

B T

Figure 10 (A) A polar bear living in the Arctic region. (B) A camel in a desert. Both animals are endotherms and
maintain an internal body temperature of 37°C no matter what the external temperature is.

Migration

Many animals migrate in response to changes in
their environment. For example, birds often fly south
during North America’s winter. The Arctic tern
(Figure 11) has the longest migration of any animal,
travelling up to 70,000 km per year depending on

the route chosen. They follow the summer sun,
travelling from their Arctic breeding grounds to enjoy
the summer feeding grounds of Antarctica before
returning to start the cycle again.

Bird migration occurs in response to environmental
stimuli, including changes in day length and temperature.

Figure 11 The Arctic tern can
migrate over 70,000 km per year.

These environmental cues cause hormonal changes in the

birds which instinctively prompt the birds to migrate.
The great wildebeest migration

in Africa occurs each year with up to

2 million wildebeest, zebra and gazelle

travelling over 3,000 km (Figure 12).

The migration is instinctive and occurs

i

in response to environmental stimuli,
primarily rainfall. Some scientists have
suggested that the animals respond by
moving towards distant lightning and
thunderstorms because they are associated
with rainfall and more readily available
water and food.
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Hibernation

Migration is only one solution to the changing
seasons. Hibernation is an alternative solution, in
which some animals will enter an extended period

of inactivity for the winter. During hibernation,
animals will have a slower heart rate, slower

breathing and slower metabolic rate. These responses
make the animal better equipped to survive winter when
food sources may be low (Figure 13). Environmental

stimuli, such as shorter day length and cooler temperatures, .
Figure 13 A brown

bear hibernating to
them to enter the hibernation period. escape winter

Check your learning 3.3

Check your learning 3.3

trigger hormonal changes in the animal that instinctively cause

Retrieve — describing how your body reacts when you are
1 Define the term “stimulus”. sick (sensing bacteria)
2 Identify the five major sense organs. — deciding whether the statement is correct.
3 Distinguish between an ectotherm and 10 Research five different animals and describe
15 EdleieTm. how each one can be observed responding to a

specific stimuli.
Comprehend

. . . . . kill ilder: Planning investigation
4 Stimuli can be changes in our immediate 2.l el a g Investigations

environment or changes within our body. 11 A student wants to know if the receptors sensitive
Describe two examples of each. to umami are distributed evenly on the tongue
5 Describe two situations in which each of the five or con.centrated mn partlcl{lar areas. They use the
following foods to test their theory: sour hard
sweets, gummy bears, sea salt crisps, grapefruit

and mi goreng.

major sense organs would need to respond.

6 Explain why there are no reptiles in Antarctica.

Analyse a Identify what experimental method they could
7 Compare the way you detect smell and the way use to test their theory. (THINK: What are

you detect taste. they trying to test? How many repeats would
8 Identify a likely response to the following stimuli: they need to measure?)

a walking on hot sand b List any additional materials they might

b seeing something running straight towards you need. (THINK: How could they make this

experiment safe? How would the flavours
be tasted?)

c Select two risks associated with the test.
(THINK: Do they need to use people in this

c realising you’ve put salt on your cereal instead
of sugar

d hearing a loud bang.

Apply experiment? Would allergies be an issue?)
9 “A person has more than five senses.” Evaluate d Explain how the risks you identified in part ¢
this statement by: could be managed. (THINK: What would the
— describing the five senses that are being student need to know about the participants?
referred to How could they avoid making people sick?)

— describing what happens to your balance when
you spin around quickly (sense of balance)
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©

Learning intentions
and success criteria

geotropism the
growth or movement
of a plantin the
direction of gravity
(positive geotropism)
or against gravity
(negative geotropism)

amyloplast a
specialised plant
organelle packed with
starch granules and
used in geotropism

auxin aplant
hormone that plays
acrucial role in
regulating growth
and development

Figure 2 Sunflowers
use phototropism to
move their flowers to
face the Sun.

phototropism the
growth or movement
of a plant towards or
away from light

hydrotropism the
growth or movement
of plant roots
towards or away from
moisture
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Lesson 3.4
Plant responses to stimuli

Key ideas

— Like humans and animals, plants also detect and
respond to changes in their environment.

Plants respond to changes in
the environment
Have you ever wondered how a plant seed knows to grow

roots downwards and send their leaves upwards? They do it
through geotropism, a process that allows them to detect

and respond to gravity (Figure 1, Figure 3A).

Figure 1 A plant seed demonstrating
geotropism. The roots grow
downwards, in the direction of
gravity, and the stems grow upwards,
against gravity.

A plant has specialised organelles called amyloplasts
which are packed with starch granules that act like tiny
weights. In early development, amyloplasts sink to the
bottom of all cells, allowing the plant to determine which
way is up and which is down. The plant then uses a growth
hormone called auxin to control the amount and distribution of amyloplasts in different cell
types. This causes the roots to move in the direction of gravity (positive geotropism) while
the cells in the plant’s stem move against gravity (negative geotropism) (Figure 1).

Plants need light for photosynthesis. The amount of available light changes throughout the
day depending on factors like cloud coverage, the time of day and the seasons. To maximise
light exposure, plants use phototropism to move towards sunlight. This is seen in a field of
sunflowers, moving through the day to always have the flower head facing the Sun (Figure 2).
To do this, the cells of a plant that are in the dark (e.g. a shadow) elongate (lengthen). The
lengthening of the cells causes the plant to bend towards the light (Figure 3B and C).

Plants also need water to survive. Hydrotropism is a process that results in a plant’s
roots growing towards or away from water. The roots have specialised receptors that cause
the roots to grow downwards (Figure 3C). These receptors also detect changes in pressure
in the soil. More pressure means more water, and so the roots of plants grow towards areas of

increased pressure.

B

N

N
ES 44l ey cons

Figure 3 (A) Geotropism is the ability of plants to detect and respond to gravity. Roots grow down and stems grow up.

(B) Phototropism is the movement of a plant towards a light source, caused by cells in the dark elongating
(lengthening). (C) Hydrotropism is the process by which a plant’s roots grow towards or away from water.
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Deciduous plants lose their leaves

Plants that lose their leaves during the changing seasons are called deciduous. These plants deciduous a type
of plant that loses

. . . . . its leaves during
The shorter days during winter have fewer daylight hours, which means less light for the cooler months

photosynthesis. Plants detect the change in temperature and the reduced daylight length. to conserve energy
when there is less
sunlight; annual
shedding of leaves

typically lose their leaves in autumn before the coldest months of winter (Figure 4).

This triggers a reduction in the amount of growth hormone being sent to the leaves.

Figure 4 The life cycle of a deciduous tree: (A) spring, where new leaves grow; (B) summer, when the tree is full of leaves; (C) autumn,
when a tree‘s leaves stop growing and begin to fall off and (D) winter, when a tree has no leaves left.

Epicormic buds: a response to fire

Epicormic buds are growth points that lay dormant under the trunk of a tree until they
are stimulated. Many Australian plants, including eucalypts, have epicormic buds. These
epicormic buds are kept dormant by higher plant shoots that inhibit the release of growth
hormones to the lower buds. When a bushfire burns the higher plant shoots, the inhibition
of the growth hormones ceases, which stimulates rapid growth from the epicormic

buds (Figure 5). The new leaves that come from the epicormic buds allow the tree to
photosynthesise and produce energy, which keeps the plants alive after a bushfire.

Figure 5 The new growth on this tree exists because of epicormic buds. These buds grow after a bushfire.
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Check your learning 3.4

Check your learning 3.4

Retrieve Apply
1 Identify the process that allows plants to respond 7 Design an experiment that would allow you to
to gravity. observe a plant's response to a specific stimulus.
2 Name the specialised organelles in plant cells that Ensure your method addresses all variables,
help them detect gravity. repetition, validity and accuracy.
3 Identify the growth points in many Australian 8 Research five different plants and describe how
plants that respond to fire. each one responds to a specific stimuli.
Comprehend Skills builder: Questioning and predicting
4 Describe what happens to deciduous plants 9 Imagine you are a scientist investigating the types
during the different seasons. of plants that grow around Australia. You make
5 Explain the importance of a plant being able to the following prediction:
perform geotropism. “If palm trees from Queensland are moved to
Tasmania, they will see less annual growth than
Analyse

those that stay in Queensland.”
6 Distinguish between phototropism

and hydrotropism.

a Identify the controlled and measured
variables. (TTHINK: What is
being manipulated?)

b Predict what will happen to the trees as they
grow in Tasmania. (THINK: What would
colder weather do to the trees?)

Lesson 3.5
Nerve cells are called neurons

Key ideas

©

Learning intentions
and success criteria

— Neurons are cells in our body that enable messages to be passed on quickly.

— Electrical messages are passed along the neuron to the synaptic terminal when
receptors in the body detect changes.

— Chemical neurotransmitters pass the message to the next neuron across a gap called a
synapse.

— The myelin sheath protects parts of the neuron and increases the speed of messages
being sent.
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N erves Cell body (soma)

Myelin sheath neuron anerve cell

The basic unit of the nervous system Nucleus
is the nerve cell, or neuron. Scientists

believe that we may have up to
100 billion neurons in our bodies,
connected in paths called nerves.

Direction of

impulse J

) Dendrites Synaptic terminal
Neurons have many highly (axon terminal)
specialised features. Each neuron has a Figure 1 A typical neuron cell body the central
large cell body that connects to a long part of a neuron that
thin axon (Figure 1). An axon carries nerve impulses (electrical signals) away from the cell contains the nucleus

. . d Il
body. The axons connecting your spinal cord to your foot can be up to 1 m long. andorganeties

. . . . L N axon alon

Nerves work just like electrical wires and require insulation in the same way. The axons projection ff a neuron
are covered by a fatty layer called the myelin sheath. The myelin sheath helps to speed up that carries electrical
a nerve impulse along an axon by controlling its path. People with multiple sclerosis have L:g’ggf;;;";ag;’&r
damaged myelin sheaths. This means that the nerve impulse is disrupted, blocked or unable neurons, muscles or
to move along the length of the axon. A person with multiple sclerosis can therefore have glands
difficulties with movement. myelin sheath afatty

. . layer that covers the

Dendrites are nerve endings that branch out axon of a nerve cell
of the cell body (Figure 1). These highly sensitive, dendrite the part
thin branches receive information from other : 4 of a neuron (nerve

cell) that receives a
message and sends it
body and axons take information away from the cell to the cell body
body. The nerve impulse travels from the dendrite 1 Electrical synaptic terminal the
" impulse passes bulb-like structure at
along neuron the end of an axon that
transmits information

neurons. Dendrites bring information to the cell

to the cell body and along the axon.
At the end of the axon are small bulbs called

synaptic terminals or axon terminals (Figure 1). \ (neurotransmitters)
When a message reaches the end of the axon, 2 Neurotransmitters to the synapse;
stk also called an axon

chemicals called neurotransmitters are released terminal
from the synaptic terminal and travel across

the synapse to the dendrite of the next neuron
(Figure 2). The synapse is a small gap between

neurons where nerve impulses are transmitted

neurotransmitter a
chemical messenger
that crosses the
synapse between the
axon of one neuron
and the dendrite of

from one neuron to another neuron. In this way,
another neuron

electrical messages are passed around the body. 3 Neurotransmitters il
synapse asmall

gap between two
neurons, across
which nerve impulses
are transmitted

cross the synapse

Types of neurons

There are three specialised types of neuron, all with

different jobs. sensory neuron a

nerve cell that
carries a message
from a receptor to
the central nervous
system; also known
as an afferent neuron

e Sensory neurons (or afferent neurons) are
sensitive to various stimuli, collecting information
from either the body’s internal environment or
the outside world. Sensory neurons send the
information they have collected to the central

nervous system for processing. motor neuron a

nerve cell that carries

e Motor neurons (or efferent neurons) carry amessage from
messages from the central nervous system to Figure 2 Electrical messages are converted to the central nervous
. . : : system to a muscle
muscle cells throughout the body, which then chemical messages (neurotransmitters), which y

cell; also known as an

cross the gap in the synapse.
efferent neuron

carry out the response.
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interneuron a nerve ¢ Interneurons (or connector neurons) link sensory and motor neurons, as well as other
cell that links sensory . .

. interneurons. Interneurons are the most common neuron in your central nervous system
and motor neurons; ) ) ) )
also known as a (brain and spinal cord). They only make connections with other neurons.

connector neuron

Sensory neuron

Schwann
cell nucleus Cell body

Axon terminal

@ Node of Ranvier

Axon terminal

Interneuron

Neurilemma

Myelin sheath

W
Cell body @ Schwann

Dendrites cell nucleus Node of Ranvier

Motor neuron
Cell body

Myelin sheath Node of Ranvier

Neurilemma

Schwann

cell nucleus

Dendrites
Skeletal muscle

Figure 3 Sensory neurons, interneurons and motor neurons are structured differently to send and receive different

messages.

Check your learning 3.5

Check your learning 3.5

Comprehend 2 Identify where you will find sensory neurons
1 Describe the features of a neuron that enable it to that detect:
pass messages on to other neurons. a smell d touch
b taste e light.
¢ sound
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3 Describe the role of the myelin sheath. 7 Create a diagram to explain the problem that may

Analyse result from damage to the myelin sheath.

4 Compare sensory neurons and motor neurons. Skills builder: Problem solving

5 Contrast sensory neurons and interneurons. 8 A patient’s myelin sheath is deteriorating. Identify
two problems associated with this. (THINK:

AR What does the myelin sheath do? How will this

6 With a partner, create a way to remember the impact the patient’s life?)

difference between sensory neurons, interneurons
and motor neurons. Be creative! Share your
memory trick with the class.

Lesson 3.6
The nervous system controls
our body

Key ideas @

— The nervous system uses electrical impulses that are fast-acting and relatively short-lived. Learning intentions
— Humans are constantly receiving stimuli from their environment through the and success criteria
peripheral nervous system.
— Neurons use electrical messages that are passed along to neurons in the brain and
spinal cord, which make up our central nervous system.
— Receptors in the nervous system detect a stimulus and pass it on to control centres.
— The control centres initiate a message to the effectors, which causes a response.
— Reflexes are special pathways that allow a response to occur before the brain has time
to think.
control centre the
part of an organism,
Stimulus-response model typically the

Stimuli can come in many different forms. A stimulus may be pressure or heat on the skin, a

brain or spinal
cord in animals,
that processes

puff of air or strong light in your eye. The stimulus is detected by receptors and the message and responds to

is sent to the spinal cord and the brain via sensory neurons. The spinal cord and brain are

information received
from receptors

the control centre of the nervous system. Interneurons in this control centre pass the

message on to other interneurons while your brain thinks about how you should respond to

stimulus-response
model a model that

the stimulus. Eventually, you make a decision and the motor neurons pass the message on to describes how an

the muscles. In this case, the muscles are called the effectors, because they are the tissues that

organism responds to
a stimulus (change in

cause the body to respond. This simple pathway is called the stimulus—response model their environment)
(Figure 1).
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Central nervous system

Stimulus

Receptor

Via sensory
neuron

Control centre

Via motor
neuron

Effector

Response

Figure 1 The
stimulus—response
model

central nervous
system the brain
and spinal cord

cerebrum the
largest part of the
brain; divided into
four lobes called
the frontal lobe, the
parietal lobe, the
temporal lobe and
the occipital lobe

spinal cord the
cylindrical bundle
of nerve fibres and
associated tissue
which is enclosed in
the vertebrae
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The central nervous system is the Cerebrum
control centre of the body. All incoming - Cerebellum
M Brain stem

messages from your environment and your
responses to them are processed through

Spinal cord

your central nervous system. The two main

parts of the central nervous system are the == I—Thoracic nerves
brain and the spinal cord (Figure 2). I INCE \

Brain 7 \ — T umbar nerves
The brain is the processing centre ' X

of the body and is mainly concerned
with your survival. It is a soft, heavy
organ surrounded by a tough skull. (A
The interneurons in the brain gather (f
information about what is going on inside

and outside the body. The brain then

___ Sacral nerves

y -,
/::’{Ié.-'l\ (|9

Ilrlr

compares the information to events that

have occurred previously, before making

decisions about things such as internal

changes and movements. The brain is also |

home to your memories, personality and
thought processes.

Lobes of the brain | .

The cerebrum, or outer section of the

brain, is divided into four lobes or sections.

These lobes have specific functions

(Figure 3).

Figure 2 The nervous system of the body is made up of the
central nervous system (red) and the peripheral nervous
system (purple).

The frontal lobe is at the front of
the brain. Its functions include
emotions, reasoning, movement and
problem solving.

The parietal lobe manages the perception of senses, including taste, pain, pressure,
temperature and touch.

The temporal lobe is in the region near your ears. It deals with the recognition of sounds
and smells.

The occipital lobe is at the back of the brain. It receives all the information from your eyes.
It is responsible for the various aspects of vision.

Spinal cord

The spinal cord has three major roles. It relays messages from the brain to different parts of
the body, causing them to respond. It sends messages from sensory neurons to the brain, and

it is also responsible for reflex actions.

Oxford University Press
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The thalamus processes and
carries messages for sensory
information, such as information
sent from the ears, nose, eyes and
skin, to the cortex.

Parietal lobe
- —

Y s

»

The cerebellum is
important in the fine
control of movement,
balance and coordination.

Frontal lobe s Cerebrum

Occipital lobe

The brain stem sits mostly inside the brain. At its
base it becomes the spinal cord. The brain stem
is made up of three major parts — the medulla,
the pons and the midbrain. The pons assists in
The medulla is the bottom part some automatic functions, such as breathing, and
of the brain stem and controls also controls sleep and arousal. The midbrain
automatic functions, such as contains areas that receive and process sensory
respiration (breathing) and information, such as movement and vision.
digestive system activities.

Figure 3 Structure of the human brain. The temporal lobe of the cerebrum (not shown here) is near the ears.

Peripheral nervous system

peripheral nervous
system all the

The peripheral nervous system is a large system made up of all the nerves outside the neurons (nerve cells)

central nervous system. The peripheral nervous system carries information to and from the that function outside
central nervous system to the rest of the body, such as the limbs and organs (Figure 2). thedbrain and spinal
cor

The peripheral nervous system is divided into two parts. .
somatic nervous

* The somatic nervous system controls voluntary skeletal muscle movements, such as system the part of
waving or reaching out to take an object. the nervous system
that controls the

* The autonomic nervous system controls involuntary actions, which happen without muscles attached to

our conscious control. This includes heartbeat, digestion, respiration, salivation and the skeletal system
perspiration. The autonomic nervous system maintains your body’s internal environment autonomic nervous
(homeostasis). system the part
of the nervous
The autonomic nervous system also has two parts: the sympathetic division and the system that controls
parasympathetic division. These two divisions often have opposite effects. For example, the involuntary actions

such as heartbeat,

breathing and
up the heart rate. The systems work together to maintain a balance in the body. digestion

parasympathetic division slows down the heart rate, whereas the sympathetic division speeds

Oxford University Press Module 3 Homeostasis 127

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



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

Reflexes

If you have ever accidentally touched something very hot, like a flame, you will remember
how quickly you snatched your hand away. In fact, it would have been so quick that you didn’t
even have time to think about it — it was automatic.

reflex an involuntary A reflex, or reflex action, is an involuntary and nearly instantaneous movement in
movement in response to a stimulus.
response to a

stimulus During a reflex action, a sensory neuron carries the message from a receptor to the spinal
cord. An interneuron then sends two messages at the same time: one to the brain and the
other to the muscles via a motor neuron (Figure 4). This means the muscle is moving at the
same time as the brain gets the message (e.g. that the object is hot). This makes reflexes even
faster than usual responses. Most reflexes help us in survival situations. Can you think of
situations where a reflex response would be an advantage?

Your body has many different reflexes. Figure 5—-9 show some common ones, illustrating
how various reflex actions protect us and improve our ability to respond swiftly to

potential dangers.

Sensory neuron s Interneuron

Motor
neuron

Sensory
receptors

Spinal cord

Figure 4 A reflex action ensures that your hand pulls away from the flame very quickly, even before you feel
the pain.

A\Y

Figure 5 Grasp reflex When an object is Figure 6 Sneezing reflex When small Figure 7 Startle reflex When a newborn
placed on a baby’s palm, their fingers curl particles land on receptors in the back of baby is startled, they will fling their arms out
over and grasp it. your nose, the muscles in your diaphragm wide and grab anything they touch.

force air out rapidly.
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Figure 8 Plantar reflex When a blunt object (such as Figure 9 Patellar (knee-jerk) reflex When a small
the blunt end of a pencil) is moved along the underside section below the kneecap (the tendon that connects the
of the foot, the toes usually curl downwards. muscle to the bone) is stimulated with a quick, firm tap,

the foot will kick out.

Check your learning 3.6

Check your learning 3.6

Retrieve 11 If a person has a damaged upper spinal cord,

1 Define the following terms:
a receptor
b effector
c response.

2 Identify the two parts of the body that make up
the central nervous system.

Comprehend

3 Describe the role or function of the peripheral
nervous system.

4 Describe how the peripheral nervous system and
the central nervous system work together. Use an
example to illustrate your answer.

5 Explain why, if you slipped and hit the back of
your head, everything might go black.

6 Describe the possible effect on behaviour that
would occur if a person had damage to the frontal
lobe of their brain.

7 Describe the stimulus—response model.

Explain why the brain is not involved in a
reflex action.

9 Explain the advantage of a baby having the
startle reflex.
Analyse

10 Contrast the somatic nervous system and the
autonomic nervous system.

Oxford University Press

they may not be able to feel their toes. Analyse
whether this will affect their knee-jerk reflex
(How does a person “feel” their toes? How would
you describe the role of the spinal cord in this
reflex? How can you determine if damage to the
upper spinal cord affects messaging in the knee-
jerk reflex?)

Apply
12 Create a scientific diagram of the brain that
shows the four lobes. In each of the lobes:
a write the functions that are carried out in that
lobe
b draw something to remind you of the functions
carried out in that lobe.

Skills builder: Communicating

13 Create an information booklet explaining the
difference between the central nervous system
and the peripheral nervous system. This
booklet should help students in your year level
understand the roles of each system and their
similarities and differences.

a Identify the key information. (THINK: Can
you explain the components of each system
simply? Why is this important?)
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< b Synthesise the information you found in ¢ Construct the information booklet.
part a and present this information for your (THINK: What is the best way to present
target audience. (THINK: Who is your this information? Is the language I am using
audience? Is the information age-appropriate?) scientific [i.e. clear and concise]? Would

including diagrams help?)

Lesson 3.7
Skills lab: Sheep brain dissection

Caution spinal cord, the cerebellum and the cerebrum.
Draw a diagram (in pencil) or take a photo
that displays the different sections of the brain.
Check this with your teacher before continuing.

e Wear your lab coat, safety glasses and
plastic gloves.

* Be careful with the scalpel because it is
very sharp. Cut away from your hands and
other people.

Aim

To explore the structure of a sheep’s brain

Materials

e Sheep’s brain

e Dissecting board Figure 1 Step 1: Examine the top and sides of the brain.
e Scalpel

2 Remove the pins and turn the brain over
(Figure 2). Identify the medulla. Draw a diagram
or take a photo that displays this part of the brain.

e Dissecting scissors

* Coloured pins

e Microscope (optional)
o Slide (optional)

e Coverslip (optional)

e Forceps

Method

1 Examine the outside of the brain. Set the brain
down so that the flatter side, with the white
spinal cord at one end, rests on the board
(Figure 1). Using the coloured pins, identify the

cres ErOW rrmrctio co

' H— [

two hemispheres, the four lobes of the brain, the
Figure 2 Step 2: Examine the underside of the brain.
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3 Turn the brain over again, with the curved high magnifications. Follow the same procedure
top side of the cerebrum facing up. Use a with a section of the cerebellum, and then
scalpel to slice through the brain along the compare the two sections of the brain.

centre line, starting at the cerebrum and going
down through the cerebellum, spinal cord,

medulla and pons (Figure 3). Separate the two QUeStlonS

TR ST G (0 ortl (BSEUIEe A, (O 1 Describe the texture of the brain (smooth,
diagram or take a photo that displays these parts T
ofthe brain. hard, soft, granular, rubbery).

4 Cut one of the hemispheres in half lengthwise. %) e e g oie Sesss el o
Record what you see. what you know about a human brain.

5 Ifamicroscope is available, slice a very thin 3 Contrast the cognitive functions (ability to think
section of the cerebrum and put it on a slide, and reason) of a sheep and a human. Describe
Covminy (et 2 chioy off sy el cover sl how these differences could be reflected in the
Draw a diagram of what you observe at low and structure of the brain.

= - [=— F =)
Figure 3 Step 3: Slice along the brain. Figure 4 Step 3: Separate the two hemispheres of the brain.

Lesson 3.8
The endocrine system causes
long-lasting effects

Key ideas @

— The endocrine system uses chemical messengers called hormones to maintain control Learning intentions
and to regulate growth. and success criteria

— Hormones travel through the bloodstream to receptors or target cells.

— The effects of hormones often last longer than the effects of the nervous system.

Oxford University Press Module 3 Homeostasis 131

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



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

endocrine system a
collection of glands
that make and
release hormones

target cell a cell that
has a receptor that
matches a specific
hormone

peptide hormone a
protein-based
hormone that is fast
acting and relatively
short-lived

steroid hormone a
cholesterol-based
hormone thatis
slower acting and
relatively long-lived

The endocrine system

The endocrine system is a collection of glands that secrete (release) hormones. The
hormones are secreted directly into the bloodstream and then travel around the body through
the blood. Some cells in the body have receptors that match the hormone, like a lock to a key.
These are called target cells. It only takes one hormone “key” to cause a change in the target
cell “lock”.

Hormones are classified into two groups based on their chemical structure: peptide

hormones and steroid hormones. Peptide hormones are made from proteins. They are
fast-acting and have relatively short-lived effects. They bind to the receptors on the surface of
the target cell, causing a change in cell function without entering the cell. Examples include
insulin, glucagon and adrenaline. In contrast, steroid hormones are derived from cholesterol
(a lipid). They pass through the cell membrane of the target cell, bind to intracellular
receptors and regulate gene expression from within the cell. Examples include testosterone
and oestrogen.

The glands and organs of the endocrine system are spread throughout the body (Table 1

and Figure 1).

Table 1 Some organs and hormones of the endocrine system

Organ

Hypothalamus

Ovaries

Testes

Pancreas

Pituitary gland

Thyroid gland

Parathyroid glands

Adrenal glands

Pineal gland

Hormone

Wide range of
neurohormones

Progesterone

Oestrogen

Testosterone

Insulin
Glucagon

Thyroid-stimulating
hormone (TSH)

Antidiuretic hormone
(ADH)

Pituitary growth
hormone

Thyroxine

Parathyroid hormone

Adrenalin

Melatonin
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Target tissue

Pituitary gland

Uterus

Body cells

Male reproductive
system, body cells

Liver, most cells
Liver

Thyroid

Kidneys

Bones, muscles

Body cells

Blood
Body cells

Skin cells

Main effects

Sends messages from the nervous system to
the pituitary gland to control functions such
as body temperature, hunger, thirst and sleep
patterns

Thickens wall of uterus to prepare for
pregnancy

Involved in development of female sexual
characteristics; aspects of pregnancy and foetal
development

Involved in development of male sexual
characteristics; production of sperm

Lowers blood glucose level
Raises blood glucose level

Changes the rate of thyroxine release from the
thyroid

Increases the amount of water reabsorbed from
the kidneys

Stimulates muscle growth; controls the size of
bones

Affects rate of metabolism, and physical and
mental development

Regulates the amount of calcium in the blood

Increases body metabolism in fight-flight-freeze
response

Involved in daily biological rhythms

Oxford University Press



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

Fight, flight or freeze?

If you are ever in a dangerous or frightening
situation, you may experience a “fight-flight-
freeze” response. You break out in a cold
sweat, your heart beats faster, everything
around you seems to slow down and your
senses bombard you with information.

Most of these symptoms are triggered by
the release of the hormone adrenalin (also
called epinephrine). Adrenalin is constantly
produced by the adrenal glands in small
doses. The adrenal glands are located above
the kidneys.

The usual function of adrenaline is to
stimulate the heart rate and enlarge blood
vessels. When you are in danger, however, the
hormone takes on another role. It floods your
system, causing an increase in the strength
and rate of the heartbeat, raising your blood
pressure and speeding up the conversion of
glycogen into glucose, which provides energy
to the muscles. In this way, adrenalin prepares
your body for the extra effort required should
you need to defend yourself (fight), run away
(flight) or hide (freeze) (Figure 2).

Panic attacks

Sometimes the fight-flight-freeze response can
be triggered without any obvious reason. This
means adrenalin can flood the body, causing
the heart to pound, breathing to become fast
and shallow and a flood of sensory information
to stimulate the brain. When this occurs, lights
appear brighter, sounds are louder and smells
are stronger. These sensory messages can
become jumbled as the brain struggles to make
sense of all the information. This combination
of endocrine and nervous system responses is
called a panic attack. These symptoms are not
life-threatening and will eventually disappear.
Support from friends, family or healthcare
professionals can help.

Oxford University Press
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Figure 1 The human endocrine system

Figure 2 Adrenalin is responsible for the fight-flight-freeze
response in mammals and can help them to survive.
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Comparison of the nervous and endocrine systems

Both the nervous system and endocrine system are regulatory systems that react to stimuli
and maintain homeostasis through negative feedback loops (see L.esson 3.1 Homeostasis
regulates through negative feedback loops, page 106). Some key differences between these
two systems are seen in Table 2.

Table 2 Differences between the nervous and endocrine systems

Characteristic Nervous system Endocrine system
Message Electrical impulse Hormones
Organs Brain and spinal cord Glands
Transmission Neurons Blood
Effects Short-lived Short-lived (peptide hormones)

Long-lived (steroid hormones)

Control Involuntary (autonomic nervous system) Involuntary
Voluntary (somatic nervous system)

Check your learning 3.8

Check your learning 3.8

Retrieve Apply

1 Name the system in your body that is responsible 7 Research a disease associated with a hormone.
for the production of hormones. Write a brief report that introduces the
disease, explains its cause and symptoms, and

Comprehend ) . ¢
summarises research into the disease.

2 Describe what is meant by the term “fight-flight-
freeze” and how it relates to hormones. Skills builder: Questioning and predicting

3 Explain why the endocrine system is referred to 8 A scientist claimed that, because humans are
as a communications system. highly evolved, we don’t experience stress that

4 Explain why telling someone to “calm down” may put our lives at risk and we therefore no
during a panic attack will not stop their longer use the fight-flight-freeze response.
symptoms. (Hint: Are they able to control a Identify the “if” in this claim. (THINK: What
their hormones?) are we responding to?)

5 Explain why the endocrine system tends to be b Identify the “then” in this situation. (THINK:
slower than the nervous system. What do you expect to happen?)

¢ Construct a scientific question that you can

Analyse . . . .
test for this claim. (THINK: Is this question
6 Compare and contrgst the responses of the testable?)
nervous and endocrine systems.
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Lesson 3.9
Review: HOmeostasis

summary

Lesson 3.1 Homeostasis regulates through negative
feedback loops

* The body needs to detect and correct changes in
its levels of nutrients, water and temperature to
stay healthy.

e Homeostasis is the process whereby the body
regulates and maintains a stable, balanced condition
inside the body

* Negative feedback loops occur when the body responds
in a way that removes the initial change (stimulus).

Lesson 3.3 Human and animal responses to stimuli

*  Humans and animals have receptors that detect
changes (stimuli) in the environment.

e The five main external receptors detect light, sound,
touch, and chemicals in the mouth (taste) and the
air (smell).

Lesson 3.4 Plant responses to stimuli

e Like humans and animals, plants also detect and
respond to changes in their environment.

Lesson 3.5 Nerve cells are called neurons

e Neurons are cells in our body that enable messages
to be passed on quickly.

e Electrical messages are passed along the neuron to
the synaptic terminal when receptors in the body
detect changes.

e Chemical neurotransmitters pass the message to the
next neuron across a gap called a synapse.

Review questions 3.9

Review questions Module 3

Retrieve

1 Identify which of the following is the stimulus.
A A target cell that has a receptor
B A hormone released into the bloodstream

C A change in the environment that
disrupts homeostasis

D A response by the body that restores the
homeostatic balance

Oxford University Press

¢ The myelin sheath protects parts of the neuron and
increases the speed of messages being sent.

Lesson 3.6 The nervous system controls our body

¢ The nervous system uses electrical impulses that are
fast-acting and relatively short-lived.

¢ Humans are constantly receiving stimuli from their
environment through the peripheral nervous system.

¢ Neurons use electrical messages that are passed
along to neurons in the brain and spinal cord, which
make up our central nervous system.

¢ Receptors in the nervous system detect a stimulus
and pass it on to control centres.

¢ The control centres initiate a message to the
effectors, which causes a response.

¢ Reflexes are special pathways that allow a response
to occur before the brain has time to think.

Lesson 3.8 The endocrine system causes long-
lasting effects

¢ The endocrine system uses chemical messengers
called hormones to maintain control and to
regulate growth.

¢ Hormones travel through the bloodstream to
receptors or target cells.

¢ The effects of hormones often last longer than the
effects of the nervous system.

2 Identify which of the following is not a hormone.
A Testosterone
B Adrenaline
C Cestrogen
D Neuron
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3 Identify which of the following is not a response to
increased body temperature.
A Sweating
B Shivering
C Blood vessel dilation
D Reduced urine output
4 Define the following terms:
a stimulus
b homeostasis
¢ hibernation.
5 Identify the missing labels for the parts of a neuron

in Figure 1.

Cell body (soma)

e ]

2]

—
Direction of\‘

impulse J

Axon

Synaptic terminal
(axon terminal)

L]

Figure 1 A typical neuron

6 Identify the four lobes of the brain and state
their functions.

7 Identify two situations where a person might
experience the fight, flight or freeze response.

8 Name two glands in humans that produce hormones.

9 Identify the missing words in the following sentence.
A person with diabetes has a problem with the
hormone
the

Comprehend

, which is secreted by

10 Describe three ways the human body can receive a
stimulus from the environment.

11 Explain why the nervous system and the endocrine
system are both described as communication systems.

12 Describe how hormones are transported in the body.

13 Describe a sensory system not found in humans but
used by other organisms.

14 Describe the passage of information through a neuron.

15 Explain why maintaining stable internal conditions is
crucial for overall health.

16 Explain the process by which hormones control blood
glucose levels in response to eating.

17 Use an example to explain how a negative feedback
loop works.

18 When a person drinks a litre of water, their body
produces extra urine. Use the concept of homeostasis
to explain why.
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19 Explain how the endocrine system assists your body
to “respond to the world”. Explain why your body also
needs a nervous system.

20 Explain why holding your nose might help you to
swallow something that tastes bad.

21 In 2006, a woman in Canada fought off a polar bear
with her bare hands when it attacked her son. She
literally wrestled the bear and won! Explain why this
reaction could be attributed to the hormone adrenalin.

22 Given that the body has mechanisms to maintain
stable internal conditions, explain why we still
experience fluctuations in body temperature.

23 Describe in your owns words how the nervous
system responds to a sudden change in the external
environment, such as touching a hot surface.

Analyse

24 Compare the roles of the endocrine system and the
nervous system in maintaining homeostasis within
the body.

25 Contrast the roles of the somatic and autonomic
nervous systems.

26 Contrast hyperglycaemia and hypoglycaemia.

Apply

27 Discuss how maintaining a balanced diet and regular
exercise can assist your body in regulating hormone
levels and overall homeostasis.

28 Investigate how stress affects the body’s hormonal
responses and outline the role of the hypothalamus
and adrenal glands in this process.

29 Explain how factors such as air quality and
temperature can impact the nervous system and the
body’s ability to maintain homeostasis. Describe
strategies to minimise these effects.

Social and ethical thinking

30 Identify the various hormones that are essential for
growth and development during childhood. Discuss
the role of parents or guardians in ensuring children
receive appropriate hormonal treatments if necessary.
Describe at least four credible sources that support the
importance of hormonal balance in children’s health.
Justify why these sources are reliable.

31 Consider how individuals with conditions affecting
hormone regulation, such as diabetes or thyroid
disorders, may experience challenges in their daily
lives. Discuss the ethical implications of treatment
options, including the use of medications or lifestyle
changes, and justify your choice based on factors
you considered.

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.

Critical and creative thinking

32 Create a cartoon strip with at least five squares,
illustrating a person receiving a stimulus and
then responding.

33 Create a visual presentation illustrating the
pathway of nerve impulses, including the role of
neurotransmitters and the synapse in communication
between neurons.

34 Consider the effects of stress on hormone levels,
particularly cortisol. Use critical thinking to predict
how prolonged stress may impact overall health
and homeostasis.

35 Analyse the impact of lifestyle choices on insulin
sensitivity. Use critical thinking to predict how
different dietary patterns may influence the
development of insulin resistance.

36 Construct a flowchart to distinguish the processes
involved in the hormonal regulation of blood glucose
levels, including the roles of insulin and glucagon.

Research

37 Investigate one of the following topics for a research
project. A few guiding questions have been provided,
but you should add more questions that you wish to
investigate. Present your report in a format of your
own choosing.

The effects of exercise on

hormonal regulation

Investigate how different types of exercise

(aerobic versus resistance training) affect

hormone levels and homeostasis.

e What hormonal changes occur in response
to aerobic exercise, and how do they
contribute to cardiovascular health?

¢  How does resistance training influence
hormones like growth hormones and
testosterone, and what are the implications
for muscle health?

e What is the relationship between exercise,
insulin sensitivity and blood glucose
regulation?

e Discuss the importance of exercise as
a non-pharmacological intervention
for maintaining hormonal balance and
preventing metabolic disorders.Summary
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Multiple sclerosis and nerve transmission
Explore the impact of multiple sclerosis (MS) on
nerve impulse transmission and homeostasis.

*  How does the loss of the myelin sheath affect the
speed and efficiency of nerve impulses?

e What are the symptoms of MS related to
disrupted nerve communication?

* How do current treatments (e.g.
immunotherapy) aim to slow the progression of
MS and support nerve function?

* Discuss the importance of early diagnosis and
intervention in managing the symptoms of MS.

Type 2 diabetes and hormonal regulation

Investigate the hormonal mechanisms involved

in the regulation of blood glucose levels in

individuals with type 2 diabetes.

e  How does insulin resistance develop, and what
role does it play in type 2 diabetes?

e What are the effects of lifestyle changes (diet
and exercise) on hormone levels and blood
glucose control in diabetes management?

*  How do medications for type 2 diabetes
target hormonal pathways to improve
glucose regulation?

* Explain the long-term complications of poorly
managed blood glucose levels and their impact
on homeostasis.

Hormonal changes during stress

Research the physiological effects of stress on the

endocrine system, particularly focusing on cortisol

and adrenaline.

e How do stressors trigger the release of cortisol
and adrenaline, and what are their effects on
the body?

e What role does the hypothalamic-pituitary-
adrenal (HPA) axis play in the stress response?

*  How can chronic stress impact health by
disrupting hormonal balance and homeostasis?

* Explain the potential interventions (e.g.
mindfulness, exercise) that can help regulate
stress hormones.
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Module

Disease

Overview

Infectious diseases are caused by bacteria, viruses, fungi
and parasites. To control these diseases, we use hygiene,
quarantine, medical treatments and public education.
Protections such as handwashing, masks and isolation
help to stop the spread of the infection. Non-infectious
diseases, such as cancer and diabetes, can be caused by
various factors, including genetics, age and lifestyle.

Vaccination can help to reduce the spread of a disease
or eradicate specific diseases. Smallpox, a disease
responsible for over 300 million deaths, was declared
eradicated from the world in 1980 after a successful
global immunisation program.
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Lessons in this module

Lesson 4.1 Non-infectious diseases (page 140)

Lesson 4.2 Pathogens cause infectious diseases

(page 144)

Lesson 4.3 Endemic diseases, epidemics and pandemics
(page 150)

Lesson 4.4 Non-infectious diseases in Australia

(page 152)

Lesson 4.5 The immune system protects us from
infectious diseases (page 157)

Lesson 4.6 Investigation: Modelling the spread of
infectious disease (page 163)

Lesson 4.7 Minimising the impact of infectious and non-
infectious diseases (page 164)

Lesson 4.8 Immunisation programs and the occurrence
of infectious diseases (page 168)

Lesson 4.9 Using stem cells to restore damage to the
retina (page 171)

Lesson 4.10 Review: Disease (page 174)
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Learning intentions
and success criteria

non-infectious
disease a condition
or disorder caused
by environmental or
genetic factors rather
than pathogens

pathogen a disease-
causing agent such
as bacteria, virus or
fungi

genetic disorder a
condition caused

by abnormalities
(mutations) in

the DNA (genes);
genetic disorders are
inherited (passed
from parent to child)

nutrient a
compound thatis
required for the
growth, repair and
basic functions of

a body; includes
proteins, fats,
carbohydrates, water,
vitamins and minerals

nutritional
deficiency a
condition caused by
inadequate intake

or absorption of
nutrients, such

as proteins, fats,
vitamins and minerals

genetic
predisposition an
increased chance
of developing a
disease due to
genetic (inherited)
characteristics
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Lesson 4.1
Non-infectious diseases

Key ideas
— Non-infectious diseases can result from genetic, environmental or nutritional factors.

— Non-infectious diseases are not contagious.

Introduction

Unlike infectious diseases, non-infectious diseases are not caused by a pathogen. Instead,
they are the result of genetic, environmental or nutritional factors. They can also be caused
by a combination of these factors. They are not contagious: you cannot “catch” a non-
infectious disease from someone. Some non-infectious diseases, however, may be passed
down from parent to child in the case of genetic disorders like Huntington’s disease or
cystic fibrosis.

Nutritional deficiency can cause disease

The nutrients you supply to your body can affect how well your cells do the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>