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LEARNING DISCOVERY

COVIDA9 VIRUS

Viruses are a type of pathogen that can infect
different organisms including animals, plants
and even bacteria. To replicate, viruses hijack
and use the machinery found inside a cell to
produce more virus particles. Their ability to
mutate and change rapidly, makes it hard to
develop effective treatments.

COVID-19 was caused by the coronavirus
SARS-CoV-2, a disease that became a
global pandemic.
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ABORIGINAL AND
TORRES STRAIT
ISLANDER PEOPLES
GLOSSARY

Country/Place

Spaces mapped out thatindividuals or groups of Aboriginal
and Torres Strait Islander Peoples of Australia occupy
and regard as their own and that have varying degrees of
spirituality. These spaces include lands, waters and sky.

Cultural narrative

A broad term that encompasses any cultural expression that
includes (but is not limited to) knowledge and community
values that are central to the identity of a particular group of
Aboriginal and Torres Strait Islander Peoples.

Cultural narratives can hold information about almost
anything, such as the origins of life, or can teach people
about acceptable behaviour and rules, such as caring for
Country. They can take the form of songs, stories, visual
arts or performances. ‘Cultural narrative’ is a more accurate
and respectful term than ‘myth’, ‘story’ or ‘fable’, terms that
often diminish their importance.

Nation

A self-governed community of people based on a common
language, culture and territory.

Peoples and Nations

We use the plural for these terms because Aboriginal and
Torres Strait Islander Peoples do not belong to one nation/
culture. There are many distinct Peoples and Nations.
Also, some Nations consist of distinct clans or groups, so
are referred to as Peoples.
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How to use this book

SCIENCE IN DEPTH

Contaminated surface

—
s the disease COVID-19 (1 pm (micromers)

4 FIGURE 601 Abome
lonth of a metre)

diagram? How else can COVID-19 be spread?

contact with?

Assessments

Think, do, communicate: In the Science in Depth Study,

you are encouraged to reflect on and apply your learning

to a set of activities, which allows you to make meaningful
connections with the content and skills you have just learned.

Learning modules: Content is
chunked into key concepts for
effective teaching and learning.

@ The nervous system

(GET THINKING.

Learning objectives: Clear,
concise learning objectives
give you oversight of what
you are learning and set
you up for success.

‘cars, roads’, affc

lightsand ‘affic jams'n ths analogy?

Parts of the nervous system

‘The nervous system consists of two pars:the central
nervous system and the peripheral nervous system, as
shown in Figure 5.2.1

Key words: Key words
are defined the first
time they appear.

Central nervous system

ie where our five senses are at work:sight,
2. taste, touch and smell. When the brain or
spine receives information rom the receptors, they
coordinate aresponse. Responses vary enormously
and include avoiding danger, esetting body
temperature and readjusting our eyes to manage
bright light,

Peripheral nervous system

Science in Focus | Stage 5 NSW

Science in depth: The opening page begins
the chapter by placing the science topic into
areal-life context that is both interesting
and relevant to our lives.

SCIENCE IN DEPTH STUDY €49

Stop the spread
of GASTRO

v
t
[

Messages ravel long nerves in the PN
Each nerve is a collection of nerve fibres,
as shown In Figure 5.2.2. Nerves extend
from the spinal cord to all muscles, glands
and organs inthe body:

“The NS consists of llthe nerves,
coming out of the brain and the spinal
cord. It provides the CNS with sensory
information to form res

s muscular movements required to walk, eat and game.

Nervous ystem

l_'l—

periphersi nervous system
sansoryand motor

Contrat narvous ystom
(nteratie ons) ncions)

R
e —
e et
e
e

AFIGURES23 Thepars of th nen

® wesmmonc onec

1 State the main parts o the CNS and the PNS.
2 Draw a diagram showing the distinct part of the CNS and the PN,
3 Describe thefunction of the autonomic partofthe PNS.

.

5 Create a crossword ith the key wards from this module.

r— Chapters | Homeostass 165

Learning check: These are engaging activities to check
your understanding. Activities are presented in order of
increasing complexity to help you confidently achieve the
module’s learning objectives. Bolded cognitive verbs help
you clearly identify what is required of you.

9780170491785



Science in Context:

The NSW Science syllabus is explicitly
addressed with interesting, contemporary
content and activities.

SCIENCE
IN CONTEXT

@ Energy-efficient houses

7 describe some of the ways houses are designed and built o improve energy effciency.

In this chapter, you ey These topics
arevital
cheaper to heat, In Austral houses and

energy ratings out of 7 stars.

Energy-efficient designs

houses (Figure 39.1), includin:

« the Sun's path and the climate at iffeent imes of theyear

« orientation of the house and windows,including caves

« inclusion of features that llow the
control of aif movement to reduce
unvanted dratsor ncrease air
flow/venilation

« use of energy-effcient appliances
and solar hotwater and solar
power pancls.

Materials and
landscaping

‘The choice of materials and landscape

design can also have important

effects on a house’s energy efficiency.

Examples of energy-efficient

choices include:

* using enerey-efficient materials,
such as double-glazed windows and
heat reflcting roof materials

trees and bushes.

ARNING CHECK

1 Define the term energy-efficient house.
2

can affect the design of an energy-efficient house.
4 Research Austraias Nationwide House Energy Rating Scheme. What kind of features
does a building need to achieve  7-sta rating?

M2 Sciencen Focus | Stege SKSW 78S

Science skills in focus: Each chapter focuses on specific working
scientifically skills. These are explained and modelled with our
‘Science skills in a minute’ videos, before you put it into practice
in a science investigation. The science skill is reinforced with our

‘Science skills in practice’ digital activities.

o2zt S (@) et cih satety

Aboriginal and Torres Strait Islander Science
Contexts: This content was developed in
consultation with a First Nations Australian
curriculum specialist. It showcases the key
connections between Science and Aboriginal
and Torres Strait Islander Peoples’ Cultural
Knowledges, with authentic, engaging and
culturally appropriate science content.

ABORIGINAL &
TORRES STRAIT
ISLANDER
SCIENCE
CONTEXTS

@ Use of medicinal plants

7 investigate nativ plant extracts used by Aboriginal and Torres SratIslander Peoples
toreat infections and iness.

Aboriginal and Torres Strait Islander Peoples’
food and medicine

Srat Islands

native plants. For thousands ofyears, they have used plants for food and medicines

Aboriginal and T

‘and to develop tools and technologies (Figure 6.12.1). Medicinal use of plants requires
the right

A FIGURE 6121 _ Some Aboriginal and Tores StaitIslander Pecple’foods: )l

) Kangaroo appl, () natvefig, () buya uts

ansorzosires Chopiere | Diseases 227

Activities: Activities are
open-ended and often practical,
allowing you to understand the
Aboriginal and Torres Strait
Islander Peoples’ cultural and
historical connections to science.

on
science sKis I Focus
EFFECTIVENESS OF ALCOHOL
s sos eTw et o Labl e i 1 Contol Ll v s 2 P
RNING AND IMPROVING THESE SKILLS: HAND SANITISER “Surface cleaned with alcohol hand sanitiser’ final third of the surface. Use another cotton bud to
. sssessing e ok ol T i et a3 St eed i e i o i i ard e
an investigation ExgRoul Llad o non-alcohol hand sanitiser. ‘streak the third Petri dish with your sample ina
» safely planning and conducting a Petri People are encouraged to use hand sanifiser to Leave the cover on the plates at all times unless. zigzag motion.
g oo e s OB e ard i onss Oy opn el hedsonde | o ataltorscrdheshsned et
B ———
the virus. fountain or keyboard. Use a clean cotton bud to get (37°C) for 2-3 days. To prevent water condensation
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@ Reviewing the scientific process

BY THE END OF

v describe how to work scientifically
THIS MODULE, YOU

WILL BE ABLE TO: v explain why the process of working scientifically may not be linear.
GET THINKING :"
| ¥ 4

You are in charge of decorating your garden with fairy lights for Christmas (Figure 1.1.1).
How can you decide which lights are best for making your garden feel festive? What are Wha‘fg:’:;‘;“\‘/’g{kmg
some of the questions you will need to ask yourself so you can decide? How are you going scientifically processes?
to test the best ideas?

Interactive resource

Crossword:

Scientific processes

Hannamariah/Shutterstock.com

St

A FIGURE 111 A situation where planning and testing ideas
first could be worthwhile

What is the scientific process?

In Stage 4 you learned about the processes you must follow to work scientifically.
The working scientifically processes are a series of steps scientists use to conduct their
investigations. The steps are:

1 Observing - using your senses and accurate equipment to make observations hypothesis
.. L. . i . a testable explanation
2 Questioning and predicting - formulating a testable scientific question and for something based on

existing knowledge; a

hypothesis based on observations testable statement of the

3 Planning investigations - creating procedures to test the scientific question and predicted relationship
L. . between the independent
hypothesis in a safe and ethical way and dependent variables
4 Conducting investigations — following procedures to collect data and information accuracy
. . o how close a measurement
systematically with accuracy and precision is to the correct value
5 Processing data - organising data into a range of representations: tables, graphs, precision
. . . .. c . how close repeated
diagrams or models, including the use of descriptive statistics measurements of the same

6 Analysing data — assessing data to identify patterns, trends and relationships between thing are o each other
evidence

variables to develop evidence-based arguments to draw valid conclusions verified information

that supports or refutes

7 Problem-solving - selecting strategies to find solutions to scientific problems in A staternent

the investigation

valid
8 Communicating - presenting your findings and scientific arguments to describes the extent to
) ] which an investigation
different audiences. tests a hypothesis

9780170491785 Chapter 1 | Working scientifically 3



reliable
consistent; able to
be trusted

The working scientifically processes as a cycle

The scientific process is not always linear because scientists often need to reflect on their
observations and findings, revise their questions and hypotheses, and repeat steps in the
methods (Figure 1.1.2). This can happen when they face challenges such as unexpected
results or problems with the procedure. This shows us that science is a constantly
evolving process to create knowledge and solve problems.

Scientists usually start a scientific research project by observing a phenomenon and
asking scientific questions. Next, scientists think creatively, plan their investigation, and
set clear goals for their research. However, scientists can return to or repeat any step in
the scientific process as their research progresses. This flexibility is a key part of how
science works. By completing all the steps in the scientific process, scientists ensure their
research is valid, reliable, and can be repeated by others.

Observing

Communicating ag;isrggincltr:r?g

Problem- !Nor.l;!ng" Planning
solving . scientifically - investigations

processes
¥ 4 )

Analysing ‘ Conducting
data investigations

Processing
data

A FIGURE14.2  The working scientifically processes are not a linear series of steps. As the blue
arrows indicate, during investigations scientists can return to or repeat any step in the process.

For example, imagine that you are investigating which shoes are best for
long-distance runners.

You could start the investigation by observing different athletes and the shoes they
wear, or you could start by analysing data available from shoe companies. You then
need to decide what you are going to investigate; for example, the force of impact on the
shoe, durability, flexibility, weight or comfort (Figure 1.1.3). Once you have determined
your scientific question, you can design your investigation and test the shoes. Imagine
you begin designing your test method to look at how hard the shoe’s sole is and you

4 Science in Focus | Stage 5 NSW 9780170491785



might find this is tied to flexibility so you might go back to look further at data from shoe
companies. From the companies’ data, you discover that there are other factors affecting
the shoe’s sole and you decided to refine your hypothesis and scientific question.

In this example, the scientific process is not linear because it involves continuous
feedback loops, revisions and refinements. Each step can lead back to earlier

observations, requiring new questions or hypotheses, additional experiments, or iterative

changes in method. This iterative approach is essential for scientific progress, as it describes something that
) ] ] ] . is repeated multiple times,

allows for continual improvements by responding to new data and information. often in a cycle or process

lucky_pics/Shutterstock.com

A FIGURE 11.3  There are many features of running shoes that could be investigated, including
flexibility and resistance to force.

0 LEARNING CHECK

Describe the steps of the scientific process.
2 Explain why the scientific process is not linear. Use an example.

3 Discuss the importance of following the scientific process when carrying out
an investigation.

4 Create an annotated flow chart illustrating the steps of the scientific process of an
investigation to research the best springs for a trampoline.

9780170491785 Chapter 1 | Working scientifically 5



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

9 )
o‘:

Video
Science skills
in a minute:
Making observations

Science skills resource
Science skills in
practice: Observations
to make classifications

observation
data collected through the
senses (sight, smell, taste,
touch or hearing) or with
measuring equipment

Science in Focus | Stage 5 NSW

describe what a scientific observation is

describe characteristics of scientific observations
distinguish between qualitative and quantitative observations
explain how to make precise observations.

GET THINKING

You are watching a baker make bread. You observe that different types of bread have
different ratios and types of ingredients. The baker measures the amount of ingredients
with a scale, or uses measuring spoons for small amounts of ingredients such as seeds.
Why do you think the baker uses different equipment to measure different ingredients?
What other observations could you make when the baker is making and baking the bread?

Scientific observations

An observation is a measurement or any other information collected directly from

our senses or using measuring instruments. Scientific observations are usually part

of the beginning of the scientific process. They provide information and data that are
fundamental evidence to formulate a scientific question and hypothesis that will guide
the investigation.

As shown in Figure 1.2.1, scientific observations have characteristics that distinguish
them from simple, everyday observations.

Not influenced
by observer’s
feelings or
preconceptions

Based on
measurable
evidence

Empirical

Able to be
Reproducible observed
again

Close to
the true
value

Accurate

A FIGURE1.214  Characteristics of scientific observations

9780170491785
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Observations can give qualitative data or quantitative data (Table 1.2.1). The type of qualitative data

. . . . . non-numerical information
phenomenon or object that you are observing will determine the type of observation. that relates to a quality,
In science, usually a combination of both types of observation is applicable. type, choice or opinion

quantitative data
numerical information that
is counted or measured
and expressed as

v TABLE 1.21 Differences between qualitative and quantitative observations

Observation type Qualitative observation or data Quantitative observation or data A
quantltles in numbers
Description + Descriptions that do not + Descriptions that involve
use numbers measurements, numbers
Descriptions based on senses: and counting
smell, taste, touch, sight
and hearing
Examples of scientific  + Biology: behaviour of animals + Biology: counting the number
observations + Astronomy: patterns of planetary of animals
clouds and surfaces + Astronomy: measuring the
Chemistry: changes in the intensity of light from a star
colour of solution during a + Chemistry: measuring the pH of
chemical reaction a substance
Physics: observing a skydiver « Physics: recording the speed of a
jumping from a plane car over a certain distance
Observations w ACTIVITY

You are walking to school one morning and you
observe an unusual cloud formation in the sky
(Figure 1.2.2).

1 What type of observation did you make first?
List all the observations that you can think of.

09/Shutterstock.com

October.

2 How can your observations become
scientific observations?

3 Explain how your observations could be used
to start a scientific investigation.

A FIGURE1.2.2 Unusual
cloud formation

Precision in observations

It is important to know the difference between a general observation of a phenomenon
(for example, cloud formations or animals drinking water in a pond) and observations
from scientific research (such as the colour of substances in a chemical reaction or
temperature changes over time due to climate change).

9780170491785 Chapter 1 | Working scientifically 7



Scientific observations are the foundation of scientific knowledge because they are
generally the starting point for the initial ideas and questions that will lead to hypotheses
and then an experimental design. Consequently, it is important to have precision when
making observations.

Figure 1.2.3 illustrates the main steps to make precise scientific observations.

Objective Define what to observe

« Clearly define what factors you plan to observe

Instruments Select accurate instruments

« Use instruments with high precision and which are suitable for the measurements you will take

Instruments Check for calibration

+ Ensure instruments are correctly calibrated; this will give you measurements close to the true values

Environment Set up a controlled environment

+ Ensure you work in a controlled environment to minimise influences from the surroundings
that could affect your observations

Observations Make observations systematically

« Follow a set procedure to maintain consistency in your observations

A FIGURE 1.2.3  Steps to ensure precise scientific observations

@ LEARNING CHECK

Describe the types of scientific observations. Give examples.
Outline the characteristics of a scientific observation.

Explain the steps to ensure precise scientific observations.
Explain why scientific observations are important in research.

ga H WN =

Design a simple investigation to find the temperatures at which a range of metals
become liquid. What observations would be made?

Science in Focus | Stage 5 NSW 9780170491785



@ Questioning and predicting: hypotheses

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

v formulate scientific questions and hypotheses
v distinguish between a scientific question and a hypothesis

v predict outcomes based on observations, questions and hypotheses.

GET THINKING

You come home from school and see your
paints all over the floor and your cat lying in
the middle of the mess (Figure 1.3.1).

* What questions can you ask about
this situation?

* What hypothesis can you make to
investigate the mess?

* Are your questions and
hypotheses testable?
A FIGURE 1.3

Can you use science to
investigate this situation?

Discuss with a classmate.

Testable questions and hypotheses

In Stage 4, you learned about testable questions and hypotheses. To summarise, a testable
question and a hypothesis each relate the variable that you are measuring (dependent
variable) with the variable that you change in the experiment (independent variable).

Table 1.3.1 summarises what you learned in Stage 4 about questions and hypotheses.

v TABLE 1.31 Differences between testable questions and scientific hypotheses

Testable questions Scientific hypotheses

Description + Are relevant to the investigationand -

based on observations

Are testable and specific to the investigation

Are refutable (can be proven wrong)

Include the observed variables Link the independent and dependent variables

Are possible to answer by collecting .
data from experiments or using
secondary sources

Are based on a prediction (not a guess)

Are statements often written as ‘If... then...

Are written as an open-ended query

Examples How does temperature affect the rate If temperature increases, then the rate of the
of a chemical reaction? reaction increases.
How does the length of a pendulum’s If the string of the pendulum decreases, then
string affect its swing? the swing of the pendulum increases.
9780170491785
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19 )
o‘:

Video
Science skills
in a minute:
Writing hypotheses

Science skills resource
Science skills
in practice:
Writing hypotheses

dependent variable
the factor that may
be affected by the
independent variable;
the factor that can be
measured or counted

independent variable
the factor that you
choose to vary in

your investigation

refutable
able to be proven wrong

Chapter 1 | Working scientifically




framework

a systematic structure
used to plan or build

a concept

Observe
area of
interest

Base the
hypothesis
on the
scientific
question

A FIGURE 1.3.2

literature review
a study of reports
about previous
related experiments
and investigations

w ACTIVITY

10 Science in Focus | Stage 5 NSW

Formulating scientific questions and hypotheses

Scientific questions and hypotheses guide scientific research, frame the experimental
design and consequently lead to new discoveries. Therefore, scientific questions and

hypotheses need to be well formulated.

You can follow a simple framework to formulate a scientific question and a
hypothesis. Figure 1.3.2 shows a framework you can use to develop scientific

questions and hypotheses.

If investigations where the hypotheses are known to be correct are the only ones
undertaken, science won’t be challenged and advances will be minimal.

Record your
observations

Write the
hypothesis
to predict the
outcome of the
investigation

Focus on a
specific
aspect of the
observations

Make sure
the hypothesis
is testable
and refutable

Write the o

question using Avoid writing -
clear and a question that Sment‘lflc
concise gives a yes question
language or no answer

Identify the

nicpenders \/ St e
variable and between thrt)e Hypothesis
the dependent .
variables

variable

Frameworks to formulate (a) a scientific question and (b) a hypothesis

After you have formed your hypothesis, you can test it by conducting an experiment

or making further observations. To check if your prediction is correct, you need to
analyse the data you collected or the observations you made. You can further check
your prediction by conducting a literature review to see what other researchers have
published on the topic. Checking your prediction by reading about other investigations
will improve your understanding of the phenomenon you are studying.

Formulating questions and hypotheses
For each of the following scenarios, formulate a scientific question and a hypothesis.

A Daniel works on a farm that grows tomatoes in a greenhouse under well-controlled
conditions. He wants to see if having a higher light intensity will affect the growth of
the tomatoes and consequently lead to production of more tomatoes.

B Scientists at a drug company are developing a new tablet. They are concerned about how
soluble the tablet is in the digestive system. They have read research papers suggesting
that stomach acid will affect the solubility of the tablet.

C Ecologists observed that water pollution is a big issue in many areas because it may
decrease aquatic biodiversity. Secondary data shows a range of different results.

9780170491785



@ LEARNING CHECK

1 Describe the similarities and differences between a scientific question and a hypothesis.

2 Outline how to write a hypothesis. Give an example.

3 You have been asked to set up a simulation experiment to measure the relationship
between density, mass and volume of objects.

a Formulate a scientific question for the experimental simulation.

b Formulate a hypothesis for the experimental simulation. ;‘,

| L 4

¢ Predict an outcome based on your question and hypothesis.

d Run this simulation using the linked PhET site (Figure 1.3.3) to test your hypothesis. Weblink
Was your prediction correct? Justify your answer, using your observations.

PhET: Density

University of Colorado Boulder

A FIGURE 1.3.3 A screenshot from the PhET density simulator

9780170491785 Chapter 1 | Working scientifically 11



Planning investigations:

purpose and variables

BY THE END OF v ; ; PR
THIS MODULE, YOU describe the purpose of an investigation
WILL BE ABLE TO: v explain how the independent variable, dependent variable and controlled variables are

used in investigations
v explain the use of a control in an experiment.

:‘O GET THINKING

18
In winter, gardeners sometimes cover some
Video i H i
el e pI'ants wnh clear plastic (Figure 1.4.1).
a minute: Discuss with a classmate the purpose of

dentifyi iabl a QB "
tdentifving variables using plastic in this way.

How can you distinguish between the
purpose of using plastic to cover plants
and the purpose of an investigation of this
gardening technique?

How would you design an investigation :
about covering plants with plastic? What *\t g

would be the purpose of this investigation? A FIGURE 1.44  Covering a plant with
clear plastic

The purpose of an investigation

In Stage 4, you learned that the purpose of an investigation is the reason you research

a specific question. In Stage 5, you will learn that the purpose of an investigation is to
gather meaningful insights to contribute to advancing scientific knowledge. The purpose
guides the investigation and consequently all associated working scientifically processes.
We write the purpose of the investigation as its aim.

For example, if you want to compare the fuel consumption of a hybrid car and a non-hybrid
car, the purpose of your investigation will be to investigate the fuel consumption of each car.
This purpose will inform how you collect data and analyse it to reach a conclusion.

Using variables in an investigation

There are three categories of variables, as shown in Figure 1.4.2.

Variable

[ Factors that can change ]

Independent Dependent Controlled
What is changed { What is observed or measured J [ What is kept the same ]

A FIGURE1.4.2 Classification of variables

12 Science in Focus | Stage 5 NSW 9780170491785
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In many investigations, scientists change one factor and observe the effects of this
change on another factor. For example, imagine you are at your little sister’s birthday
party, where her friends are making bubbles with soapy water (Figure 1.4.3). You
observe that some bubbles are bigger and others, smaller. How can you investigate that
observation? You might decide to propose that the diameter of the bubble wand’s loop
influences the size of the bubble.

Patrick Foto/Shutterstock.com

A FIGURE 1.4.3  What factors could influence the size of a bubble?

The variables for this investigation are:
® independent variable - the factors that you are changing: the diameter of the loop

® dependent variable - the factor that you are measuring: the size of the bubbles controlled variable

® controlled variables - the factors that you keep the same: soapy solution, no wind, a factor that needs to be
X . kept the same throughout
the same person blowing the bubbles, same force of breath blowing the bubbles. a science investigation so
that any changes in it do
The relationship between the variables for this investigation is shown in Figure 1.4.4. not influence the results

Independent variable:

Loop size

A FIGURE 1.4.4  The relationship between the independent variable and dependent variable

9780170491785 Chapter 1 | Working scientifically 13



control group

a trial or group in an
investigation that doesn't
have the independent
variable and is used

as a comparison

treatment groups

all the trials or groups
in an investigation that
contain variations of the
independent variable

In many experiments, a control group is needed to compare with the rest of the treatment
groups in the experiment. The control group is identical to the one or more treatment
groups, except it does not contain the independent variable. For example, an experiment
to test if listening to music affects your learning could have one group in which people
don’t have music (the control group) and another group that listen to music while they
study (the treatment group) (Figure 1.4.5). A valid experiment must have a control to
show that the dependent variable remains unchanged when the independent variable is
not present.

For a valid experiment that tests the hypothesis, you must clarify the variable that you
are changing and the variables that you will control.

Control group — no music Treatment group - with music

A FIGURE 1.4.5 The control group is not exposed to the independent variable that is being tested.

Q LEARNING CHECK

1 Describe the purpose of an investigation.

2 Explain the meaning and give examples of:
a the independent variable.
b the dependent variable.
c controlled variables.
3 Explain the use of a control in an experiment. Give an example.

4 Create a flow chart to illustrate how to test the hypothesis that eating green apples will
reduce sea sickness.

5 Demonstrate how to use variables in an experiment to test if drinking coffee will increase
the ability to recall more words in a memory test.

14 Science in Focus | Stage 5 NSW 9780170491785



@ Planning investigations: methods

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

v explain the difference between a procedure and a method
v explain different types of methods used in investigations

v explain the differences between validity and reliability.

GET THINKING

There are many different irrigation systems you can use to water your garden, such as drip

systems, sprinklers, subsurface systems and spray irrigation. How will you decide which is

best for your vegetable garden? What questions would help you decide?

Procedures and methods in science

The procedure is the set of instructions you follow when you conduct an investigation.
The method is the steps that describe what you did to carry out your investigation.

Methods are an important aspect of working scientifically. Methods are recorded
and communicated to others so they can see what the investigation did. Once the
investigation is finished, the method is published so others can use it to design their

own experimental procedures.

8
&
O‘.

Interactive resource
Crossword: Method
and procedure

Other resources
Worksheet:
Experimental design

procedure

a set of instructions to
follow; written in the
present tense

method

steps that were taken
during an investigation,
written in past tense

The key differences between a procedure and a method are summarised in Figure 1.5.1.

A FIGURE 1.51

9780170491785

Procedure

9

Lists steps to follow to
collect data

L

Gives numbered steps in
chronological order

4

Gives clear instructions in
present tense

9
Includes repetitions

9

Refers to variables:
independent, dependent
and controlled

9

Describes how data
is to be recorded

9

Describes steps that were
followed to collect data

9

Outlines the steps followed
in correct order

3
Is written in past tense

9

Describes the repetitions,
control group and
treatment groups

3

Describes the
variables used

4

Describes how data
was recorded

Comparison between a procedure and a method

Chapter 1 | Working scientifically
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reliability
how similar the results of
the same experiment are

validity

the extent to which
an investigation tests
a hypothesis

Reliability and validity in methods

The reliability of the method refers to how consistent the results are. Reliability depends
on the number of repetitions in the treatment groups of the experiment (Figure 1.5.2).
If an experiment is reliable, repetition of the experiment yields similar results, and the
experiment is described as reproducible. This means that when other researchers repeat
the experiment, they get similar results.

The validity of the method refers to how well the experiment investigated the aim and
purpose of the investigation and how well it tested the hypothesis.

The following questions are prompts that you can use to assess the validity and reliability
of the method:
® Did the method include controlling the necessary variables?

® Was a control set up to show what happens when the independent variable
wasn’t present?

¢ Did the method include enough repetitions for reliable results?
e Was the way that data was recorded explained well?

® Did the method actually test the investigated hypothesis?

Repetitions

N

Al | | .

A FIGURE 1.5.2  Reliability in an experiment is improved by increasing the number of repetitions.

16 Science in Focus | Stage 5 NSW 9780170491785
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Investigation methods and reliability

Choosing the right method of investigation depends on the type and purpose of a

research question and the type of data needed.

Table 1.5.1 shows the different investigation methods used in science, how they are used

and some features important to reliability.

For all these types of methods, you need to ensure reliability. This involves careful bias
planning, systematic procedures, and meticulous and thorough record-keeping. It is also
crucial to address potential biases and maintain consistency when you collect data.

v TABLE 1.51 Different investigation methods used in science

Method

Controlled experiments

Fieldwork

Observations

Secondary data analysis

Focus groups
Case studies
Longitudinal studies

Surveys

Description

Involves changing one variable to determine the
relationships with another variable

Collection of data/experimental research in
the field

Systematic watching or recording behaviours
or phenomena

Analysis of data from other experts’
published sources

Guided discussions to gather opinions
Detailed examination of a real-world context
Tracking the same subject over a period of time

Asking people a series of questions to gather
opinions or characteristics

@ LEARNING CHECK

A WON =

Describe the difference between a procedure and a method.
Describe different types of methods used in investigations.

Features for reliability

systematic
something done in an
organised way

a strong preference
for one thing or idea
over another

Controlled variables
Repetitions of treatment groups
Control(s)

Consistent procedures

Well-structured, consistent procedures

Well-recorded data

Clear and detailed guidelines for
making observations

Data used from different sources has
similar results

Data does not have a bias
Well-structured discussion questions
Use of data from multiple sources
Consistency in method of data collection

Use of validated survey instruments

Consistency in wording and format

Explain the differences between validity and reliability in an investigation’s methods.
Outline the types of investigations an ecologist could do to study the effect of

plastic pollution in a local wildlife area, given they plan to obtain data by talking with
knowledgeable local people.

5 Create a statement that explains what reliability is in investigations.

9780170491785
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@ Planning investigations: safety

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

hazard
something that has the
potential to harm

risk of harm
the chance that damage
or injury will occur

likelihood
the chance something
will happen

consequence
the result of a decision
or action

18
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v define hazards and risks in the laboratory
v explain the importance of safety in carrying out experiments
v assess risks to increase safety in the laboratory.

GET THINKING

Imagine you are helping your grandfather
in his timber workshop (Figure 1.6.1). What
do you see him doing to avoid injuries and
keep the machines he uses safe? How do
those safety measures in his workshop
relate to those you need to apply in the
science laboratory?

List the safety procedures that are
common to a home workshop and a
science laboratory.

A FIGURE 1.61

Safety measures are
important in many settings.

Safety in the laboratory

It is critical to ensure safety in the science laboratory so that people and the environment
are not harmed. In Stage 4, you learned about laboratory safety rules and procedures

for experiments. In this module, you will learn how to assess hazards and minimise

the risk of harm.

Assessing risks

Everything you and your classmates do in the laboratory involves some level of risk; for
example, using the Bunsen burner, sharp objects, glassware and chemicals. You can start
assessing the risks of an experimental procedure by asking questions such as:

What activity will you be doing in the experiment?

What equipment and chemicals will you use?

What are the potential hazards and risks of using the equipment and chemicals?
What are the risks of those hazards?

How can you reduce the risks to yourself and others?

S g b~ WD

How will you dispose of any chemicals safely for you and the environment?

You can use a risk assessment matrix to assess hazards and reduce the risks of harm
(Table 1.6.1). The matrix combines the likelihood of something occurring with the
severity of any potential consequences. Once you have considered the hazards and
completed the risk assessment matrix, you need to create and follow a risk management
plan to keep safe. Wear personal protective equipment (PPE) when you are completing
experiments. PPE includes goggles, lab coats, gloves and enclosed leather shoes.

Table 1.6.2 gives examples of some other simple risk assessments for an experiment.

9780170491785
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TABLE 1.61 An example of a risk assessment matrix

Likelihood
Risk A " .
Rare Unlikely Possible Likely Almost
certain

Severe: For example, potentially fatal or causing

L : . S MEDIUM MEDIUM HIGH EXTREME EXTREME
an injury or illness with permanent disability
Major: For example, causing a potential lost-time injury,

i LowW MEDIUM MEDIUM HIGH EXTREME
but not permanent disability
Modgrate: For example, F:ausmg an injury or illness . LOW LOW MEDIUM MEDIUM HIGH
requiring moderate medical treatment but not lost time
Mlngrf For exa!mp!e, cau§|ng gn injury potentially LOW LOW LOW MEDIUM MEDIUM
requiring application of first aid
Mlnlmalz For e>fample, a hazard or ngar—mlss that LOW LOW LOW LOW LOW
requires reporting and follow-up action
TABLE 1.6.2 Simple risk assessments for common experiments

Experiment or activity Hazard Actions to reduce the risk
Heating using the Being burned when + Avoid touching hot parts of the Bunsen burner
Bunsen burner using the Bunsen +  Use the yellow flame when not working

burner or working

with hot equipment Use tongs when moving hot equipment

Leave hot equipment to cool down before putting it away

Using chemicals Spillages + Read the hazards specified for each bottle of chemical

when working + Do not taste or smell the spilt chemical

with chemicals
Tell your teacher if there is a spillage

Using beakers, test tubes Cuts from broken + Avoid touching broken glass
or microscope slides 7 - glassware +  Report to the teacher as soon as breakage happens

Using scalpels or scissors Cuts from sharp + Manage sharp objects with care

to dissect specimens objects + Report injuries to your teacher

@ LEARNING CHECK

Define hazard and risk of harm.
2 Explain the importance of safety in carrying out experiments. Give an example.

3 You are performing an experiment to test how much of a substance dissolves as the
temperature of the mixture increases. Describe two safety practices that you could
implement when doing the experiment.

4 Assess the hazards in your school's science laboratory and create a risk assessment
plan for a recent experiment.

5 Create a short video illustrating the safety measures that are used in your science
laboratory to show at the beginning of the school year to the new Year 7 students.
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@ Conducting investigations: equipment

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Videos
Science skills in a minute:
Lab equipment

Science skills in a
minute: Dissection

20

identify suitable equipment to perform an investigation
distinguish between different apparatus
explain how to assemble apparatus for experiments

A N NN

assess the accuracy and precision of equipment.

GET THINKING

Imagine you accompanied someone to get their car serviced. As you enter the mechanic’s
workshop, you notice many different tools and equipment (Figure 1.7.1). All of these require
different procedures when the mechanic uses them to assess or work on the car. How

can you identify which tools and equipment are suitable for different tasks? Make a list of
possible equipment in a mechanic’s workshop and the purpose of each. Do you need more
information on how they are used? Why?

A FIGURE 171 A car workshop with a range of equipment

Choosing appropriate equipment

In Stage 4, you learned that many different types of equipment are used in the laboratory
to perform experiments and collect measurements. Figure 1.7.2 illustrates some of

the equipment that you are familiar with in the laboratory. Figure 1.7.3 shows some
common set-ups using different equipment for different types of experiment and data to
be collected.

Choosing the correct equipment to do an experiment increases the accuracy and
precision of the data collected in the investigation. For example, to measure 15mL of
water, use a measuring cylinder, not a beaker, because the measuring cylinder is more
accurate for that amount of liquid.

Science in Focus | Stage 5 NSW 9780170491785
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A FIGURE1.7.2 Common laboratory equipment: (a) electronic scale; (b) funnel; (c) test tube held by clamps on a retort stand;
(d) beaker; (e) mortar and pestle; (f) goggles; (g) tongs; (h) microscope; (i) pipette; (j) test tube with rubber stopper; (k) Petri
dishes; (I) methylated spirit burner; (m) distillation flask; (n) conical flask; (o) round flask; (p) large round flask; (q) volumetric
pipette; (r) measuring cylinder

A FIGURE 1.7.3  Various set-ups of science equipment: (a) heating apparatus (Bunsen burner, tripod,
gauze mat); (b) filtering apparatus (retort stand, clamp, funnel, filter paper, beaker); (c) electronic
scale; (d) distillation apparatus (hot plate, conical flask, condenser, beaker)
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accuracy (instruments)
how close the instrument
measures to the true value

calibration

the process of adjusting
and verifying the accuracy
of a measuring instrument
or device

precision (instruments)
the level of variation
between measurements
by an instrument

data logger

an electronic device that
automatically records and
stores data over time

22 Science in Focus | Stage 5 NSW

Accuracy and precision of instruments

All the instruments used in an investigation need to be accurate and precise so the data
collected are close to the true values of the measurements.

The accuracy of an instrument means how well it can measure the true value of a
parameter. Accuracy is verified when the instrument undergoes calibration.

The precision of an instrument refers to how much variation there is in measurements
when you repeat them.

For example, an electronic scale is accurate when the weight is close to the true weight
of the object that you are measuring. Its precision is high if the object’s weight is the
same each time you weigh it.

Data loggers (Figure 1.7.4) are electronic devices that automatically record
measurements over time and store the data directly in the device or in a computer
connected to it. They are digitally calibrated to the true value, so they are very precise
and accurate. Data loggers measure parameters such as temperature, humidity and
pressure, and log this information at set intervals of time.

A FIGURE1.7.4

0 LEARNING CHECK

1 a You need to heat a beaker of water to a 65°C. State why a Bunsen burner is more
suitable than a kitchen stove.

A data logger

b What equipment would you select to measure 50 mL of water with high accuracy?
Explain your choice.

2 How would you determine if an electronic scale is more accurate than a spring scale for
weighing 100 mg of salt? Design an experiment to test this.

3 In a practical skills test, your teacher asks you to measure the temperature change in
a chemical reaction. Explain the equipment you would use and why it is suitable for
this purpose.

9780170491785
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Conducting investigations:

collecting and recording data

BY THE END OF

v . . . . N
THIS MODULE, YOU describe how to collect reliable data in an investigation

WILL BE ABLE TO: v use tables effectively to record data.

=
Social media sites collect a large amount of information every second. For example,
Facebook collects 2.8 gigabytes of data per minute, which includes posts, likes, comments, sdexic"::kms
shares and interactions between users. Think about how that information is organised and in a minute:

Measuring liquids

collected. How would a company record and present a dataset that large?

Quiz
Measuring in
Science

Recording data from investigations

In Stage 4, you learned how to collect and record data in appropriate tables. You also
learned that you need to follow these conventions when creating a table:

® record the independent variable in the first column

¢ put the different factor(s) that changes (the dependent variable(s)) in the
other columns

® put a heading with the name of the variables and the correct units at the top of
each column

¢ (optional) include the average values in the last column of the table.

Figure 1.8.1 shows the key features of an effective table.

TABLE 1. The time taken for 100 mL of water to boil with and without added salt

An informative title that indicates the

independent and dependent variables
Independent variable

; Headings,
in the first column Dependent variable includigg
in the other columns the units
~ Rl
i
Whether salt Time taken for water to boil (s) Averagfe N
was added / (mea dna)tg the
Organised into neat or not Trial 1 Trial 2 Trial 3 Average
columns androws |\ it 165 180 172 172.3
Results
Salt 235 228 240\ 234.3
Data

A FIGURE 1.814  Features of an effective table
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systematic error

an error that occurs in
the same way with each
measurement, normally
due to a mistake in

the procedure

random error

a small, variable error
caused by slight variations
in an instrument or

the environment

Collecting data from investigations

The aim of collecting data in an investigation is to provide evidence that supports or
refutes the hypothesis. The collected data must represent the relationship between the
independent and dependent variables mentioned in the hypothesis. Be careful to ensure
your procedure collects data on these variables and not anything irrelevant. For example,
if you want to test if changes in temperature affect the rate of a chemical reaction, the
hypothesis could be, ‘if the temperature increases then the rate of reaction will increase’.
To collect data to support your hypothesis, you would use a procedure where you test the
rate of a particular chemical reaction at different temperatures.

Systematic and accurate collection of data

In an experiment, the systematic and accurate collection of data contributes to the
validity of the research. Systematic collection of data means you follow a structured and
planned way to observe and record all of the results from the investigation. Accurate
collection of data means that you make all of the observations and measurements using
instruments that are calibrated and procedures that are well designed and standardised.

To increase the reliability of data, a large sample of data is needed. This is achieved by
repeating the treatments of the variables or the entire experiment to ensure you are
getting similar results.

Figure 1.8.2 shows how high quality data collection contributes to the validity of research.

Organised data

collection SvStemanernd
ystema "; an Reliability of Validity of
Calibrated ac(?:lzzzioﬁta collected data research
instruments

A FIGURE 1.8.2  The impact of data collection on the validity of research

Errors in data collection

Whenever you collect data, there is always the chance of mistakes or errors. In scientific
measurement, error is the difference between a value obtained from your measurement
process and the true value for that result.

The two main types of error are systematic and random.

® Systematic errors are errors due to flaws in the measurement system or experimental
set-up. Once a systematic error is identified, it can be controlled or eliminated.
Different types of systematic errors are shown in Figure 1.8.3.

® Random errors are unpredictable variations that occur in measurements due to
factors that are not easily controlled. The two main types of random errors are shown
in Figure 1.8.4.
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Instrument error @

The scale is not calibrated
properly. It reads 0.5g when there is
no object on it. This causes the
beaker to appear 0.5g heavier

Scale 85 /9 Scale 652 0 than it should.
Q* a0 —40 . - -
T 30 Q - — — 30 The person is consistently looking at the
—20 —20 level from above and records
—-10 —10 volume as 30 mL. The actual volume

is 32mL.

e ] Environmental error

- T A Geiger.counter shows radiation.

°W °M The mobile phone near the counter
emits radiation, increasing the

Geiger counter Geiger counter radiation measurement. The phone

causes an artificially high radiation
measurement.

0 2050 1005,
0

A FIGURE 1.8.3  There are three types of systematic errors: instrument, observational and environmental.

Observational error

A student weighs the mass of a
beaker containing a solution. They
repeat their measurement several

times. They get slightly different

10.51 g Scale 1038 ¢ measurements each time.

10.58 g

Scale Scale

Environmental error

A student is measuring air pressure
in the science lab while other
students are entering and
leaving the room. This reduces
air pressure, affecting the air
pressure reading.

200

200
100 300

100 300

500 500

0

0

pressure (mm Hg)

pressure (mm Hg)

A FIGURE 1.8.4  There are two types of random errors: observational and environmental.
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secondary source

a publication, information
or data that has been
written or collected by
another person

cite

to give reference or credit
to a secondary source of
data or information

Collecting data from secondary sources

Data can be collected from other investigations that were completed by other
researchers. Published materials containing previous investigation results are called
secondary sources. Peer-reviewed sources of information from universities, government
institutions or educational organisations are considered valid and reliable to use as
sources of data.

All secondary sources used in your research need to be cited to recognise the work of
other scientists.

@ LEARNING CHECK

1 Describe the purpose of collecting data from an investigation.
2 Explain why data collection needs to be systematic and accurate.
3 Explain the type of error students are producing in the scales below.

ST LLLTTITY LTI LTTTTYe
(s .,". (st 2y,

4 You are investigating the type of timber needed to build a scaffold that will sustain a
200-kg weight. What factors will you need to consider to collect valid, reliable data?
Describe how you can reduce systematic errors.
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@ Processing data and information

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

v select and use different ways to organise data
v calculate simple descriptive statistics to process data
v explain how to improve the quality of data.

GET THINKING

You are part of your school’s student representative council. The principal asks your
council to analyse data collected from a survey about students’ study habits across
different year groups. The data shows that students in Year 7 study significantly less than
students in Year 10. What factors could influence the data? How can you organise the data
to inform the principal?

Processing data

In Stage 4, you learned that data can be presented in tables, various types of graphs,
diagrams, flow charts, spreadsheets and models (Figure 1.9.1). In this module, you will
learn how to select and extract information from those data representations to support or
refute scientific questions and hypotheses and propose solutions to problems. Data can
tell a story about the research, but if the data are not represented and processed correctly,
they can be misleading.

A FIGURE1.91 Information can be extracted from databases and scientific models.

Selecting the best data representation and understanding how to extract information
from it is crucial for the analysis of the data. Correct interpretation of data provides
evidence to support or refute a hypothesis.

9780170491785
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Video
Science skills in a
minute: Collecting and
organising data

Interactive resource
Drag and drop: Mean,
median and mode
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descriptive statistics
values derived from a
dataset, such as a mean
or maximum value, that
summarise the dataset

cause-and-effect
relationship

a relationship in which a
change in one variable
causes a change in
another variable; also
known as causation

maximum value
the largest value in
a dataset

minimum value
the smallest value in
a dataset

mean

the calculated ‘central’
value of a set of numbers;
an average

median
the middle value in an
ordered set of numbers

mode
the value that occurs most
frequently in a dataset

dispersion

the extent to which values
in a dataset are above or
below the mean (average)

range

a measure of spread
calculated by subtracting
the smallest number from
the largest number in

a dataset

standard deviation

a calculated measure of
spread representing the
spread of data around the
mean in a dataset

variance

a measurement of the
amount of spread in the
values in a dataset

DATA
SCIENCE N

See Module 2.6 to
learn more about
how to calculate
and use descriptive
statistics.
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Table 1.9.1 summarises the types of data and graphs used to represent information.

v TABLE1.91 Summary of types of data representation and how to extract information from them

Type of data How to extract information

representation

Data represented

Text Observations Categorise the information under specific
Secondary data from other scientists criteria, based on the research question
Tables and Numerical data — continuous or Use descriptive statistics to summarise the
spreadsheets discrete data data, and identify errors and outliers
Graphs Numerical data (commonly Use interpolation of the data in the graph
rgpresented in column and Relate the independent and dependent
line graphs) variables to identify patterns and trends
Databases Large numerical or non-numerical Make a selection of valid databases and
datasets stored in digital form apply algorithms and mathematical models
Flow charts Processes that have steps or links Follow the steps of the flow chart to create
between concepts new annotated texts
Models Processes (may be shown in physical = Describe and explain the phenomena by
or digital form) adding more details to the model
Diagrams Observable phenomena Annotate and include extra resources to

support the information in the diagram

Descriptive statistics

Descriptive statistics are numbers that summarise a group of scores to make data more
comprehensible and understandable. This makes it easier to establish if there is a
cause-and-effect relationship between the independent and dependent variables.

In Stage 4, you learned about basic descriptive statistics used in processing data. In
Stage 5, you will learn about three broad categories of descriptive statistics:

® statistics that describe extreme values: maximum value and minimum value

e statistics that describe the centre of the dataset: mean, median and mode

® statistics that describe the spread or dispersion of values: range, standard deviation

and variance.

Figure 1.9.2 shows how to calculate the mean, median, mode and range.

the sum of the numbers divided the number in the middle
by the amount of numbers
555@ 7714

S+5+5+6+7+7+14 (numbers must be in ascending order)
49/7 =7

the number that appears the difference between the
the most greatest and least number

5B 6 67714 55567714
14-5=9
A FIGURE 1.9.2  The rules for calculating the mean, median, mode and range
9780170491785
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Calculating descriptive statistics @

The science teacher has distributed the results of the mid-year examinations. The marks
are listed below:

92,77,69,98,77,85,84,77, 85,87
1 Organise the data from least to greatest.
2 Calculate the mean, median and mode.

Improving the quality of data

Any data collected from an investigation may have errors or mistakes. As you learned
in Module 1.8, errors can be random or systematic. Mistakes include, for example,
the units not being converted correctly, typing mistakes in tables of data, having outliers outlier

(extreme values) in the dataset, or having data missing. zi;ililf’ii ;:flty(i'rgﬁzsoth or

To improve the quality of the data, there are important steps to follow. values in a dataset
1 Repeat the experiments to increase the reliability of the data by ensuring the
measurements are similar each time.
2 Test the accuracy and precision of the instruments to ensure accurate measurements.
3 Increase the sample size to provide more data and reduce errors.

4 Clean the dataset by identifying obvious mistakes and removing them.

How data supports or refutes a hypothesis

The data you collect and process becomes the evidence to support or refute the
hypothesis, answer the scientific question and make a conclusion about the purpose

of the investigation. The data from an investigation may be compared with data from
secondary sources, obtained in previous experiments by other scientists (published in the
peer-reviewed literature), to provide confidence that the results are valid.

All scientific hypotheses should be refutable, which means they can be proven wrong. If
the hypothesis is refuted by the data, this leads to a new set of ideas and questions to test
again. In this way, science progresses to new discoveries.

w ACTIVITY

Data that supports or refutes the hypothesis

An ecologist is working in the field to test
the hypothesis that a high level of soil
moisture increases the number of snails
observed (Figure 1.9.3). As a trial, they set
up a 10-m transect in the middle of the
bush and measure the soil moisture with
a probe. They also count the number of
snails every metre. They obtained the data
shown in Table 1.9.2.

AndreyShutov/Shutterstock.com

A FIGURE 1.9.3  One variable in this
investigation is the number of snails
observed per metre of transect. [>
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[> TABLE 1.9.2 Number of snails observed per metre of transect

Transect distance Soil moisture (%) Number of snails
0 10 0
1 30 0
2 24 10
3 55 3
4 23 1
5 70 5
6 75 7
7 89 2
8 24 8
9 55 6
10 65 5

Processing data
1 Create a graph of the data to relate the soil moisture and the number of snails.
2 Describe the pattern and trend in the graph.

Analysis

1 Was the hypothesis supported or refuted by the data?

2 What type of problems may the ecologist encounter in the collection of data?
3 How could you improve this experiment?

@ LEARNING CHECK

1 Describe ways to organise data when making observations and measurements in
the field.

2 Calculate the mean, median and mode for the following dataset, collected in an
experiment measuring air pressure in bike tyres:

69,77,77,77, 84, 85, 85, 87,92, 98 (unit of measurement: PSI, pounds per square inch)

3 Create a simple experiment that includes collecting data from your class to calculate
descriptive statistics. For example, measure height, or hand length from the wrist to the
top of the middle finger.

4 Explain what factors you need to consider to reduce systematic and random errors if
you are testing how the acidity of a substance affects the dissolving rate of a solid.

5 Students are testing the amount of microplastic in the sand banks of the local creek.
Explain how to improve the quality of data in the investigation.
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@ Analysing data and information

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

evaluate patterns and trends in data

assess validity and reliability in data and secondary sources
describe the sources of uncertainty

develop evidence-based arguments from conclusions.

GET THINKING

You are a keen photographer learning new skills, and you decide to upgrade your camera.
There are hundreds of different types of cameras. What characteristics (variables) are you
going to analyse before you make your decision: value for money, camera features, brand
or something else? Will you focus on the claims by the photography companies or will you
base your decision on independent reviews or other evidence?

Purpose of data analysis

We analyse the data in investigations by examining and interpreting it, so that we can
make sense of the gathered information. We can draw meaningful conclusions from a
thorough analysis and these will verify or refute the hypothesis. Careful data analysis
supports us to make decisions that are based on empirical evidence (Figure 1.10.1)

. Do statistical analysis Identify patterns, Verity or refute
Organise (mean, median, trends and hypothesis
data (tables, mode, standard inconsistencies based on data
« graphs, charts) deviation) in data analysis

A FIGURE 1104 Key steps in analysing data to draw conclusions

Patterns, trends and
inconsistencies in data

Analysing data

verify

to demonstrate an
argument is true by
providing evidence

empirical evidence
evidence collected
through scientific
observation or
experimentation

Exam mark versus number of hours studied

Inconsistent data
In Stage 4, you learned that a trend is a relationship 100 - /

between the independent and dependent
variable. As the independent variable changes,
the dependent variable changes in a certain way.
You also learned to identify the types of patterns
when data follows a relationship.

Exam marks (%)

In Stage 5, we are going to further analyse data
patterns and trends, and describe inconsistencies in
data. Figure 1.10.2 is a scatter plot graph showing

the exam results from a Year 9 Science class in 0

1 2 3
relation to the number of hours studied for the test.

4 5 6

Study time (hours)

A FIGURE 1.10.2  Exam marks achieved by Year 9 students
graphed against the number of hours they studied
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inconsistency in

the data

a data point that does
not follow the pattern of
other data from the same
experiment or across
repeated experiments

correlation

a trend in data in which
one variable changes
consistently as the other
variable changes

positive correlation

a correlation where one
variable increases as the
other variable increases

negative correlation

a correlation where one
variable decreases as the
other variable increases
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The first step in analysing the data is to observe patterns and trends. In this example, the
data follows an increasing trend. This means that as the independent variable increases,
the dependent variable also increases. A conclusion from the example data is that the
more hours that students studied, the better results they achieved in the exam. Another
observation from the graph is that there are two outliers (circled on the graph), values
that look different and may be incorrect. This is because they do not follow the pattern of
the other data points. The outliers are described as inconsistencies in the data.

If there are inconsistencies in the data, you need to check the original data for errors or
mistakes in its recording and processing. Table 1.10.1 shows some causes, consequences and
ways to process inconsistencies in data.

TABLE 1101 Causes, consequences and ways to process inconsistencies in data

Causes Consequences Processes

Random errors Inaccurate analysis Use appropriate data cleaning

Systematic errors Inaccurate conclusions Check accuracy and precision

in measurements

+  Methods not testing Waste of time and resources

the hypothesis Check calculations

Mistakes in recording Draw appropriate graphs

Relationships between variables

In investigations that have an independent and dependent variable, we analyse the
relationship between variables to see if there is evidence to support or refute the
hypothesis. The relationship can be analysed by looking for correlations. Correlations
are statistical relationships between two variables. A positive correlation means that
as one variable changes (for example, increases) the other changes in the same way.

A negative correlation means that as one variable changes (for example, increases) the
other changes in the opposite way (decreases). When there is no relationship between
the variables, there is no correlation (Figure 1.10.3).

a b c
[ ]

° o. °
[ ] ° [ ]
o. .. ° °

o ®e °
° .
° ° .
. .
[ ] ° °
.
[ ]

Positive correlation Negative correlation No correlation

A FIGURE 1.10.3
no correlation.

Linear correlation can be (a) positive or (b) negative. (c) Two variables may show
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Box plots, also known as box-and-whisker plots, are a type of graph that summarises the  box plot .
distribution of a dataset. They can represent the relationship of variables and show the o Z'szrlltr)i’ilr coentenon @
distribution of the data, median and mean (Figure 1.10.4). The ‘box’ shows where the bulk of

the data sits. Figure 1.10.5 shows the exam results data from the Year 9 classes in a box plot.

£
3

Outliers Mean E
| Median 5

5

=

. i o

Whisker l Whisker @

o o |———eo——ee = o ° * ° ° —e—o—— o =
Minimum Maximum 2

B

o

A FIGURE 110.4 A box plot shows the spread of values in a dataset and how they compare to the median.

N Exam results in three Year 9 classes
80 -

70 4 —_

60 A

1
1
petrroudny43/Shutterstock.com

50 -

40 -

Examination results (%)

20 A

101 - -

\4

0 T T
1 2 3

Year 9 class

[] Class1 [] Class2 [] Class 3

A FIGURE 110.5  Box plots representing the distribution of the data, median and mean of the exam
results for Year 9 classes

Graphed data can be used for:
. . . . . . . interpolation
® interpolation - using one variable to predict a value for the other variable within the the estimation of an
range of the sraph unknown value within the
& grap range of known data for
® extrapolation — using one variable to predict a value for the other variable outside the a relationship

range of the graph (Figure 1.10.6). extrapolation
the estimation of an
It is important to take care when doing extrapolations because we don’t know that data unknown value by
extending a trend beyond
outside the range of the graph will follow the same trend as known data. the known values
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uncertainty

the range of possible
values or outcomes that
may be due to limitations
in measurement, variability
or incomplete data

Interpolation Extrapolation

Variable y
Variable y

Variable x Variable x

A FIGURE 110.6  (a) Interpolation means using values of x to predict values of y within the range of
known data; (b) extrapolation means using values of x to predict values of y outside the range of
known data.

Validity and reliability of data

To test the hypothesis of an investigation properly, data must be valid and reliable, whether
it is collected first-hand data or from secondary sources. If any data collected from the
investigation is unreliable or invalid, the investigation cannot be trusted (Figure 1.10.7).

First-hand data Secondary sources
Measures what you Has been reviewed by
Validity planned to assess or experts and is published
investigate by reputable institutions

Has information that is
consistent across
different sources

Includes repetitions so

AL data is consistent

A FIGURE110.7 How to assess the validity and reliability of data from first-hand and secondary sources

Conclusions from data

The analysis of results becomes the evidence from which you can draw conclusions
that support or refute the hypothesis. But how sure can you be of your conclusions?
Data from investigations always has some uncertainty, even if all our calculations and
analyses are correct (Figure 1.10.8). For example, if we investigate how many people
prefer tiramisu to ice cream for dessert, we might find 20 per cent like tiramisu and

43 per cent like ice cream, and 37 per cent are unsure. The conclusion that ice cream is
more popular than tiramisu has uncertainty because, for example, the results may come
from just a small sample of the population. To increase confidence in a conclusion, the
data need to be reliable and similar in repeated experiments.
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A FIGURE 110.8  Sources of uncertainty in data

Evidence-based arguments

An evidence-based argument is a scientific claim supported by reliable and relevant scientific claim

. 1s s . . a statement based
data such as research findings, statistics or observations. The goal of an evidence-based on evidence from a
argument is to persuade others by providing a strong foundation of proof rather than scientific investigation

relying on opinion or speculation.

There are three components in an evidence-based argument: claim, evidence and

rationale (Figure 1.10.9). rationale
the grounds that explain
Evidence-based arguments allow us to evaluate and update scientific knowledge. the evidence that
. . . . supports the claims of
Scientists have the opportunity to challenge past knowledge when they publish new the investigation

findings. This is the way science advances.

Supg?rted ‘ . ‘

A FIGURE 1.10.9 The evidence-based argument process. You can remember this using
the acronym CER.
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@ LEARNING CHECK

1 Observe the graph in Figure 1.10.10,
which is a simulation that shows
the effect of volcanic eruptions on
sea-level rise.

a What trend can you observe from
the graph?

b Extrapolate the data to predict
sea-level rise in 2030.

¢ Construct and write a short
conclusion based on the
evidence in the graph.

2 Explain the meaning of validity
and reliability in first-hand data.

3 The dataset in Table 1.10.2
was collected to test the
relationship between the
levels of nitrogen in the soil
and plant growth.

Simulated sea level rise since 1995 due
to changes in ocean heat content (mm)
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Simulated sea-level rise with (pink line) and without (green
line) the effect of volcanic activity. Following an eruption, Earth cools and the
ocean's heat content drops, lowering sea levels.

TABLE 110.2 Level of nitrogen in the soil and plant growth

Levels of nitrogen
in soil (mg/kg)
0
20
40
60
80

100

Rep 1
5.1
7.0

10.9
15.2
15.8

11.1

Rep 2

7.2
9.0
11.2
14.8
16.1

10.9

Rep 3
5.3
8.0

11.8
14.9
17.2

10.8

Plant growth (cm)
Rep 4

4.0
7.5
11.5
15.1
16.8

9.9

a Plot the results using an appropriate graph and outline the patterns and trends.

b Explain the validity and reliability of the data and any inconsistency in the data.

¢ Construct and write an evidence-based argument from the data.

Rep 5

6.2
8.8
12.0
15.4
15.9

10.6

4 A scientist is researching the effects of plastic pollution on the birth rate of emperor penguins in Antarctica. They
found that as the amount of plastic pollution increases, the birth rate decreases. How certain can the scientist be

about the result? Justify your answer.

5 A sunscreen company claims that the higher the level of SPF in sunscreen, the higher the level of protection from

skin cancer.

What data would scientists need to analyse to provide an evidence-based argument to support this statement?
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@ Problem-solving

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

describe the types of problems in science
select different problem-solving strategies
assess problem-solving strategies

A O NN

use cause-and-effect relationships to make predictions.

GET THINKING

On 11 April 1970, Apollo 13 was launched
from Kennedy Space Centre in Florida,
USA. Two days into the mission, the
oxygen tank in the service module
ruptured, disabling the life support system.
The crew needed to solve problems

in order to survive and return to Earth.
Compare the magnitude of solving the
problems faced by the Apollo 13 crew with
solving a problem in an experiment in the
science lab. What criteria should you use

to solve problems in both these situations?
Discuss with a group of classmates. A FIGURE 1111 The Apollo 13 command module

Christian Kohler/Shutterstock.com

Scientific problems

There are two types of problems in science. One is the scientific problem that you can
answer using the working scientifically processes - for example, how can we recycle
rubber products using a chemical process? The other type of problem is an investigation
problem that arises during an experiment — for example, problems with instruments,
data collection or control of variables. Figure 1.11.2 summarises the common types of
problems in science.

The strategies you use will depend on the type of problem that you are solving. For
example, if you want to test a claim, your problem-solving will be based on the design
of the investigation as a whole. However, if your problem is that the data collected
seems invalid, you will need to check such things as the methods and the calibration of
instruments. Table 1.11.1 summarises problem-solving strategies.

Scientific problems Investigation problems

. ) Problems in ,
are identified to: science occur in:
+ explain phenomena * measurements
* test claims * instruments

« controlling variables

A FIGURE111.2  Problems in science can be scientific problems (a problem that has a hypothesis to
be tested) or problems in the investigation (a problem in the process).
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A FIGURE 111.3
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TABLE 1111 Strategies to solve common problems encountered in science investigations

Common problem

Anomalies in collected data
and measurements

Differences in observations
between repetitions

Data collected did not support hypothesis
and did not answer the scientific question

Results do not match with previous literature

Problem-solving strategy

Check apparatus and devices and calibrate if necessary
Check for mistakes in data entry

Check if units need to be converted

+  Check controlled variables were all kept the same

across repetitions

+  Check the procedures used in the investigation

Check how data was collected and recorded

Check the data analysis and type of graph used

Conduct further literature research
Check how data was collected and recorded
Check the data analysis and type of graph

Identify reasons data may differ

Once you apply a problem-solving strategy, the next step is to assess the solution. You

may ask yourself:

® Did I solve the problem with this strategy?

® Do need to start the investigation again?

See the decision flow chart below to guide your assessment of solutions to the

problem (Figure 1.11.3).

Problem
encountered

Scientific problem

Design an
investigation

!

Follow the working
scientifically
processes

N

Prepare evidence-based

Select strategy

/N

Problem in the
investigation

« Controlled
variables

* Test precision
and accuracy
of instruments

+ Data cleaning

Reassess working

+ Recording of
data

Problem solved?

—_— |
argument to publish LYes]
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Steps to assess your solution to the encountered problems
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Cause-and-effect relationships using models

In Stage 4, you learned that models can explain phenomena or complex concepts.
Models are used to make predictions that answer scientific problems. For example,
models can predict how oceans may rise due to global warming.

Models help solve problems by:

® enabling forecasting - predicting future trends based on extrapolation of recorded
data or by simulating the effects of natural phenomena (e.g. weather patterns,

volcanic eruptions) DATA

® increasing understanding - explaining underlying processes (disease spread, '
ecological relationships) Learn more about

¢ informing decisions - helping determine the best course of action (e.g. public health ,C: ﬁj:&i?;rélamn

campaigns, use of resources).

@ LEARNING CHECK

1 Identify the type of each problem in the list below: is it a scientific problem or an
investigation problem?

a Results are not consistent across repetitions.

b Microplastics were found in the stomach of dead birds on the beach.
¢ Erosion is destroying the beach around northern NSW.

d The readings from a data logger thermometer seem out of range.

e A column graph is not showing some of the data.

2 Tom is working on the design of an investigation and he is confused about the type of
instrument to use to measure the acidity of a substance. Propose strategies for solving
this problem that you would recommend to Tom.

3 Explain what you need to do if you encounter a problem during an investigation.

4 Choose a model (for example, climate models, plate tectonic digital models) and assess
how well it can be used to make predictions.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

Science communication

Identify

Identify
reason for

. type of
communicating

research

v communicate scientific evidence-based arguments
v follow scientific conventions in writing texts
v explain the importance of scientific texts.

GET THINKING

Imagine you need to present to the school committee an evidence-based argument to

run a fundraising campaign for a recycling project led by students. What evidence do you
need to write your argument? How does a written argument differ from one that you would
make verbally?

Written texts in science

In Stage 4, you learned the steps to write scientific texts based on the purpose of the
investigation and the targeted audience (Figure 1.12.1).

Select

+ which
information

audience is shared

A FIGURE 1121 The steps in planning a written scientific text

In Stage 5, you will learn how to write a scientific argument based on evidence that
you collected in your investigation. Writing a scientific argument requires a structured
approach to presenting evidence and supporting the claim of your investigation with
relevant data and reasoning.

A written scientific argument follows this structure:

1 State the claim - begin with a clear, concise statement of the hypothesis and the claim
that you are making.

2 Provide background information - this is the context for your argument, which
explains the importance of your claim to the audience and explains the relevant
background from previously published research.

3 Present the evidence - concisely show the data (evidence) from the investigation
by using appropriate graphs; include the analysis of the data and show descriptive
statistics that help show that the data is valid and reliable.

4 Discuss the evidence - present the significance of the evidence and how it connects to
your argument, including the strengths of your evidence and the limitations of your
research (which may lead to future research).
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5 Draw conclusions - summarise how the evidence collectively supports your claim by
coming back to the statement of the main argument, how that relates to the evidence
presented, and the significance of your findings.

6 Cite all your sources - list any secondary sources you used in your background
information, as extra images or as models.

An evidence-based argument must be clear, flow logically and follow the structure of a
scientific text.

Learn more about

The importance of well-written scientific text investigating

scientific claims
Clear and well-written scientific text is important when sharing or publishing scientific n Module 2.2
knowledge (Figure 1.12.2). Good communication that is verified by reliable secondary

sources helps advance science and makes it easier for others to trust the research.

It is important to think about your audience when writing scientific text. Will it be read
by other scientists, or local community groups that need to use the information? Your
audience should inform your writing style and choice of language, as well as the format
of the written text.

Well-written
scientific text

A FIGURE112.2  Features of well-written scientific texts
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% ACTIVITY Evaluate a written text

A student has created a short draft of an evidence-based argument.

The case for protecting the northern hairy-nosed wombat

The northern hairy-nosed wombat (Lasiorhinus krefftii), one of Australia’s most
endangered species, requires immediate and strong conservation efforts to prevent
its extinction.

Only 300 northern hairy-nosed wombats remain in the wild (Wimmer & Taylor, 2020).
The species has had severe population declines due to habitat loss, disease and
environmental changes (Walker et al., 2019).

The unique role that the wombat plays as a major herbivore in its ecosystem justifies
making its conservation a priority. Failure to act could result in irreversible loss of
biodiversity and ecosystem function (Johnson, 2018).

References

Wimmer S and Taylor K (2020) ‘Abundance of hairy-nosed wombats in the wild’,
Journal of Ecology 1:25-30.

Walker L, Smith S, Johansen T and Singh R (2019) ‘Effect of environmental factors and
diseases on the hairy-nosed wombat, Lasiorhinus krefftii, Animal Ecology 4:63—78.

Johnson, G (11 April 2018) ‘Hairy-nosed wombat news’, Ecology Community Blog,
accessed 22 January 2024.

Analysis

1 After reading the draft, assess the evidence-based argument in terms of validity,
reliability of data and sources, and how the evidence supports the claim.

2 How well does the article use evidence to support the claim? Use an example to justify
your opinion.

@ LEARNING CHECK

1 Develop a claim about a topic that you are interested in.

2 Describe the main elements to consider in writing an evidence-based argument about
the claim that you chose in Question 1.

3 Explain why evidence is important when writing a scientific text.

4 The evidence from research shows that gold nanoparticles can catalyse (speed up) the
oxidation of carbon monoxide. Create a planning flow chart to write a scientific text to
publish the research that shows this in a scientific journal.
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REVIEW

(REM EMBERING ] 12 Sue said to the teacher, ‘As soon as the door of the

laboratory opened, the measurements seemed to
change.’ Could this statement be true? Determine
2 Define scientific observation and give an example. the type of error in these measurements.

1 Describe the steps in the scientific process.

3 Describe how to write a hypothesis. 13 Data representation is important in processing
data. Explain how data is extracted from graphs

4 List five examples of hazards in the laboratory.
and models.

5 Define systematic error. .
14 The following data were collected to test the rate of

hotosynthesis as light intensity increases.
(UNDERSTANDING ) photosy g y
6 Explain the characteristics of scientific observations. Light Rate of photosynthesis
intensity (oxygen produced, mL/min)
7 An experiment was left unattended in a Year 10 (lux)
Science laboratory. The Bunsen burner was on with Trial 1 Trial 2 Trial 3
a beaker on a trlp.od abo_ve, boiling gn u_nknc_)wn 100 25 24 25
substance. Explain the risks that this situation
created to students and the laboratory. 200 4.0 4.1 4.0
8 Explain the importance of repetition in 300 5.4 5.6 5.5
an experiment.
400 5.9 6.0 6.0
9 Describe the difference between validity
and reliability. 500 6.2 6.2 6.2
10 If an electronic scale is not measuring weight 600 5.9 6.1 6.1
properly, what type of factors are going to be 700 58 71 59
affected in the collection of data: accuracy,
precision, validity or reliability? More than one 800 5.6 5.5 5.7
answer is possible.
a Plot the data in an appropriate graph.
(APPLYING j b Determine the pattern and trend in the data.
¢ Calculate the mean of the data.
11 An animal behaV|our.SC|ent|st is CQIIectlng evidence d Create a box plot graph and explain the
to support the following hypothesis: distribution of the data
‘If domestic cats are exposed to a variety of e What trend could be observed in the rate of
interactive toys, then their overall activity levels photosynthesis at 1000 lux? Explain if this
will increase compared to when they are exposed extrapolation is valid.
to no toys'. f Assess the validity and reliability of the data in
a Identify the dependent and independent variables. this investigation.
b Identify the controlled variables. g Construct a valid conclusion from this

c Develop a short procedure to test this hypothesis. investigation.
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(EVALUATING ] (CREATING

15 Discuss the sources of uncertainty in data. 18 Plan and conduct an investigation to test the
question ‘Do people who play an instrument have
better coordination than people who play sport?’
Create a depth study report to investigate and share
your findings.

16 In a digital model that measures the reflection of
light in optic fibres, physicists encountered a
problem within the investigation. The internal
reflection in the fibre was not correct. Justify
two strategies that the scientists may apply to Evaluate the strength of the evidence presented in a
solve the problem. claim that human activities are the primary driver of

recent climate change. Consider the types of evidence

typically used to support this claim and discuss how
they contribute to the argument’s rationale. Construct
an evidence-based argument to support this claim.

17 Evaluate the importance of well-written
scientific text.
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DATA SCIENCE 2

A STUDENT:

>

assesses the use of scientific knowledge
and data in evidence-based decisions and
when verifying the legitimacy of claims
SC5-DA2-01

analyses data from investigations to identify
trends, patterns and relationships, and draws
conclusions SC5-WS-06

selects suitable problem-solving strategies
and evaluates proposed solutions to
identified problems SC5-WS-07

communicates scientific arguments with
evidence, using scientific language and
terminology in a range of communication
forms SC5-WS-08
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Scientific knowledge is tested and refined using the scientific process and peer review.

2

Evidence and the scientific process are used to support scientific claims.

Pseudoscience ideas do not use verified scientific knowledge and are not created using the
scientific process.

Bias and data manipulation can distort findings and support specific points of view.

=)

Scientific studies can generate vast amounts of data that require specialised
techniques for analysis.

&

Descriptive analysis involves summarising, visualising and interpreting data
to describe attributes, trends and patterns. Analysis of datasets involves both
univariate and bivariate methods.

A correlation can describe a relationship between two variables, but this is not
enough to establish that one variable causes the other.

O

Bioinformatics combines knowledge and technologies from biological science
and data science to gather and analyse large and complex biological datasets.
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Bushfires occur regularly in Australia, but they are changing.

Major bushfires are becoming more common as the climate warms.

This makes it harder for people to predict and manage bushfires.

Re'searchers at the University of New South Wales are using data E
science methods to explore large environmental datasets and have

developed a model to better predict major bushfires. At the end of this chapter, you

can complete Science in Depth

Study #2. You can use the

What types of data can be used to predict bushfires? information you learn in this chapter
to complete the project.

What are major bushfires?

How do data scientists analyse something like a bushfire with
multiple causes?

How can predictive models reduce the impact of major bushfires
on our communities?

Assessments Science skills resources

® Prior knowledge quiz ® Science skills in practice: Discussions in science

® Chapter review questions reports (2.2)

® End-of-chapter test Interactive and other resources

® Depth study: Presentation ® Crossword: Datasets (2.5)

Videos ® Quizzes: Questions, hypotheses and predictions (2.2);

X I . .. . . Secondary data (2.4)
® Science skills in a minute: Writing a discussion (2.2); o Worksheets: Univariat lysis (2.6); Bivariat
Organising data (2.6); Organising data into charts (2.6); oinasie: Unvellets snelysis (P49 BIvEEiE

Representing data in different forms (2.6) analysis (2.6)
® Maths in science videos: Distorted graphs (2.2);

Analysing different graphs (2.6); Mean, media and

mode (2.6); Correlation and causation (2.7)

® Video activities: Tackling scientific misinformation (2.3);
Confirmation bias (2.4)

To access resources above, visit

:“: Nelson MlndTap cengage.com.au/nelsonmindtap




e Investigating questions

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

investigable question
a question that can be
answered using a fair
test investigation

fair test

an investigation

that is conducted
correctly to answer a
scientific question

v describe the features of investigable and non-investigable questions

v explain how available resources can determine if a question is investigable

v evaluate the validity and reliability of online sources.

GET THINKING

Consider light passing through
a glass prism (Figure 2.1.1).
Make a list of questions about
what you see. Which questions
can be answered by a scientific
investigation? Can you look

up some of the answers? Are
there questions that cannot be
answered scientifically?

A FIGURE 211

Investigable questions

An investigable question is a type of testable question. Rather than a question

w -8

“.

\

Sunlight interacting with a glass prism

that can be answered using secondary sources, an investigable question requires an

investigation to answer it. We conduct scientific investigations to answer such questions.
Scientific knowledge is created when questions are answered using scientific processes.
Many investigations involve controlled experiments and matching observations and

measurements to predictions arising from models or theories.

An investigable question can be answered using a fair test. You learned about fair tests

in Stage 4. A fair test may involve a controlled experiment and the collection of primary
data or secondary data. Scientists use different types of investigable questions to address
a range of purposes (Table 2.1.1).

v TABLE 244 Types of investigable questions

Question type

Descriptive

Relational

Cause-and-effect

48 Science in Focus | Stage 5 NSW

Purpose

To create a qualitative and/or
quantitative description
of something

To identify associations between
variables. This includes grouping,
ranking or correlations

Working out if a variable causes
or influences one or more
other variables

Examples

When do cattle drink water?

What diversity of plants and animals exists
in this area after a fire?

Which type of material is the

most absorbent?

How can the grains of sand be classified
into groups?

Does air humidity affect frost thickness?

How do predator numbers affect prey
reproduction rates?

9780170491785
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Non-investigable questions

Non-investigable questions are those we can’t easily answer with a single scientific
investigation. They do not involve collecting data or evidence to answer the question.
Sometimes, an answer is easily found by looking it up. Often, the answer to non-

investigable questions is based on the research of different
scientists over many years, published in journals. This
information is then published again in textbooks and

on websites.

Some questions are too hard to answer with investigations
given the time and resources that they would take. Imagine
trying by yourself to answer the question “Why is the sky
blue? (Figure 2.1.2). Where would you start? The nature of
light, how the atmosphere affects light and how our eyes
work are not straightforward to investigate ourselves.

What makes a good
investigable question?

A good investigable question has four key properties. It is:
® gpecific

® measurable

e controllable

® achievable (Table 2.1.2).

By checking for each of these properties in our investigations, we make sure they are

valid and reliable.

non-investigable
question

a question not

easily answered by
scientific investigation

Andromeda stock/Shutterstock.com

A FIGURE 21.2

The colours in sunsets, blue

skies and the ocean are all caused by complex
physical processes that are beyond the reach of an
individual investigation.

specific
clearly identified
or defined

achievable
capable of being
completed successfully

valid

describes the extent to
which an investigation
tests a hypothesis

. . . . reliable
v TABLE 21.2 Properties of good investigable questions consistent: able to
. 5 . be trusted
Properties Key considerations
Specific Does the question contain a dependent variable and an independent variable? dependent variable
« Are the variables of interest easy to identify and define? the factor that may
’ be affected by the
Measurable Can the dependent and independent variables be measured? independent variable;
the factor that can be
+  How will you measure the dependent and independent variables? measured or counted
When will the measurements be made? independent variable
. . the factor that you
?
What units of measurement will you use? choose to vary in
Controllable Which variables should you control? your investigation
How should you control them?
Are there any variables that can't be controlled?
Achievable Is there enough time to complete the investigation?
Do you have the resources you need to conduct the investigation?
Who can help you conduct the investigation?
9780170491785 Chapter 2 | Data science 49



resource
something used to
complete a task or
achieve a goal

A FIGURE 21.3

The importance of resources

A resource is something used to complete a task or achieve a goal. The apparatus and
tools we use and the time available for the task are all resources.

Access to appropriate instruments is important. Some of the equipment you will use in
Stage 5 is shown in Figure 2.1.3.

Four instruments you may use in Stage 5 science: (a) a meter used for measuring electricity, (b) dissecting tools
for studying anatomy, (c) pH paper for measuring acidity, and (d) a Geiger counter for measuring radiation

Verifying online information

Background research helps create good investigable questions. It can tell us what science
already knows about the subject. But how do we check that what we read is valid and
reliable? It’s likely you will often use online resources for background research, and they
can vary widely in how reliable they are. Table 2.1.3 outlines some questions you can use
to verify online sources.
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Vv TABLE 21.3
Issue

Who

What

Where

When

Why

How

Questions to ask when verifying online sources

Questions

Who wrote the information?

Who is the author?

Is the person qualified to write on the subject?
What else have they had published?

Are they a scientist, a science journalist, or someone else?

What does the information add to my research?

Is the information related to the topic I'm researching?
Does the information add to my knowledge?

Does it support other sources?

Is the information too simple or complex for my needs?

Where was the information published?
Was the information published on a credible site?
Does the site describe how items are selected for publication?

Is the purpose of the site to inform, sell, entertain or persuade?

When was the information published?
How recently was the information updated or revised?
If it refers to other sources, are those references recent?

Are there more up-to-date sources available?

Why did the author write the report?

Is there any information that suggests the authors could have a bias?
How was the information gathered?

How was the data in the source originally gathered?

Is the same information also in a scientific journal or a published textbook?

LEARNING CHECK

Define investigable question and provide an example.

Outline the features of non-investigable questions.

Describe two features of an online source that would make it reliable.

1
2
3 Explain why appropriate resources are needed to make an investigation achievable.
4
5

Identify the following questions as investigable or non-investigable. Justify
your answers.

a Does phosphorus increase the number of algae in pond water?

Why do magnets stick to nails?

Is creating static electricity easier on a dry or a humid day?

b
c
d What is the mass of a proton?
e

Does sugar dissolve in methylated spirits?

9780170491785

bias

a strong preference
for one thing or idea
over another
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
&
O‘.

Maths in

science video
Distorted graphs

Quiz

Questions,

hypotheses and

predictions

claim

a statement asserting
something is true, real

or a fact

fact

a piece of information
that is supported by

verified evidence

A FIGURE 2.2.2

hypothesis

a testable explanation
for something based on
existing knowledge; a
testable statement of the
predicted relationship
between the independent
and dependent variables

null hypothesis

the hypothesis that a
relationship between
variables being studied

does not exist

52 Science in Focus | Stage 5 NSW

Does the feather’s shape
affect how fast it falls?

v identify claims that can be scientifically tested with an investigation or series
of investigations

v explain the evidence and reasoning supporting a claim using data from investigations
v construct a written scientific argument using a range of evidence to support a claim.

GET THINKING

A fact about bandicoots (Figure 2.2.1) is
that their diet includes truffle-like fungi that
grow underground. What makes a scientific
statement a fact? If you have evidence to
support a hypothesis, is it enough to simply
report these things? Draw a labelled diagram
to show how evidence is used to support

a hypothesis.

A southern brown
bandicoot (/soodon obesulus)

A FIGURE 2.21

Questions, claims and hypotheses

Science creates reliable knowledge by testing claims. A claim is a statement declaring
something is true or a fact, but it is not necessarily true. Every day we make claims that
are opinions based on limited or untested evidence. A fact is something that is supported
by verified evidence.

A scientific claim is a particular type of claim that is based on existing
scientific knowledge and is testable. A person may claim that heavy
things fall faster than light things and strongly believe it, but is it

true? For example, someone might claim that the speed of a falling
feather depends on its shape (Figure 2.2.2). Such a claim can be tested
with an experiment in which variables, such as object shape and air
resistance, are controlled. The outcome of the experiment will support
the claim or show it to be false (refute it).

|dentifying claims that can
be scientifically tested

A hypothesis is a predicted explanation or answer to an investigable question.

Figure 2.2.3 shows that a good hypothesis is based on evidence from initial observations
and background research of the subject. It also shows that a hypothesis will affect
decisions about measurement and instruments. Sometimes, the hypothesis will state that
a relationship between the variables being studied does not exist. Such a hypothesis is
called a null hypothesis (Table 2.2.1).

9780170491785
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Revise the
starting

Start question

Make Genfrs'fe the
observations starting
question
ety i arsies il Generte
hypothesis

the question

!

| -

Is it:

* specific?

* measurable?
« controllable?
« achievable?

Yes

Research background
<— scientific knowledge about

the question

Rephrase the
starting
Are the question
instruments to
measure the variables m OR
available and Find an
appropriate? alternative
instrument

Perform the research
with the necessary

instruments

A FIGURE 2.2.3

v TABLE 2.21 Examples of hypotheses and null hypotheses

Investigable question Hypothesis

If the strength of hydrochloric
acid is increased then the time
for the limestone to dissolve
will decrease.

Does the strength of an acid
affect how long it takes
limestone to dissolve?

A constant force will create
increasing acceleration on a
rolling ball as the mass of the
ball decreases.

Using a constant force, how
does the acceleration of a rolling
ball change as the mass of the
ball increases?

A flow chart of an investigation, from the initial observations to the final experiment

Null hypothesis

There is no relationship between
the strength of hydrochloric
acid and the time for limestone
to dissolve.

For a given force, there is

no relationship between the
acceleration of a rolling ball and the
mass of the ball.

A good hypothesis identifies the variables you will measure in an investigation. Think
about the hypothesis that if the temperature is increased, the time it takes for a tablet
to dissolve will decrease. The temperature is controlled (Figure 2.2.4), so it is the
independent variable. The time for the tablet to dissolve is the dependent variable.

9780170491785
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Can you develop a
hypothesis about
temperature and
dissolving using
the observation

that tablets seem
to dissolve faster in
warm water?

Chapter 2 | Data science 53

Valentyn Volkov/Shutterstock.com




Dark_Side/Shutterstock.com, KontroledKaos/Shutterstock.com

reasoning
the process of drawing
conclusions from facts

selection bias

selecting subjects that do
not accurately represent
the population they are
drawn from

A FIGURE 2.2.5
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Video
Science skills in
a minute: Writing

a discussion

Science skills resource
Science skills in
practice: Discussions in
science reports
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A white swan and black
swan. The black swan was the counter-
example that disproved the long-held
argument that all swans are white.

Supporting conclusions with
evidence and reasoning

To support a conclusion, you need evidence and reasoning. Evidence from our
investigations, based on what we measure and observe, is referred to as empirical
evidence. Reasoning is the process of drawing conclusions from facts.

Evidence needs to be measured and collected in a valid and reliable way. It may be drawn
from measurements or a set of consistent observations. For example, imagine you want
to gather evidence about a population. If you measure something carefully many times
using a large random sample, the data you gather will likely represent
what is being studied. However, suppose you mostly select individuals
that support a particular case or opinion rather than selecting randomly
from the whole population. In that case, the evidence you collected and
studied is not valid. This is known as a selection bias, where evidence

is specifically selected to support a case or opinion (for more on this

see Module 2.4).

When we undertake experiments, we base our conclusions on reliable
observations we have made. This is called an inductive argument. An
inductive argument may be based on hundreds or thousands of similar
observations, but they do not prove something is true. A single counter-
example may show the conclusion to be false. A famous example of

the limits of an inductive argument is about all swans being white.

To people in England, they are all white - thousands of them - but a
visit to Australia and seeing a black swan proves the statement false
(Figure 2.2.5). So, when you write a conclusion, be careful to say that the
evidence supports your claim, not that it proves it.

Writing good scientific arguments

Good scientific arguments are vital to the scientific process. When you write scientific
arguments in the discussion of your results, it is important to address both the meaning
of the results and the validity and reliability of the methods you used.

Module 1.10 explains a good scientific argument as consisting of three parts: a claim,
evidence from the data, and a rationale (the reasons why the evidence supports the
claim). For example, consider the results of an experiment to determine which of six
metals or metal alloys has the highest density (Table 2.2.2).

v TABLE 2.2.2 Summary results of density measurements for four metals. The means, medians
and ranges are based on five measurements made for each metal.

Density (g/cm?)
Material
Mean Median Range Published values
Copper 8.8 8.8 0.3 8.8
Iron 7.3 7.3 0.6 7.2
Tin 7.2 7.2 0.6 7.3
Zinc 6.8 6.3 2.6 7.1
9780170491785



A FIGURE 2.2.6 The metal elements (a) copper, (b) zinc, (c) iron and (d) tin

The argument that, of these metals, copper has the greatest density is shown in Table 2.2.3.

v TABLE 2.2.3 The argument for copper having the greatest density of the four metals tested
Claim The test material with the greatest density is copper.
Evidence In the table of summary results, copper has the greatest mean and median density.
The density range for copper suggests it was measured with precision.

Rationale Copper has the highest mean value and therefore has the greatest density of the
(reasoning) four metals.

When writing an argument in your investigation report, use the claim-evidence-rationale
structure to clarify the link between your claim and the evidence. Make it easy for the
reader to understand how your evidence supports the claim.

@ LEARNING CHECK

1 Identify two important features of scientific claims.
2 Describe the roles of evidence and reasoning in supporting a claim.
3 Explain the role of evidence in an inductive argument.

4 Construct and write a scientific argument about the relationship between force and the
distance an object moves, using Table 2.2.4 and the claim—evidence-rationale structure.

v TABLE 2.2.4 Force applied to a mass and the distance it moves

Force (newtons) Distance mass moves (cm)
0.05 0.04
0.10 0.08
0.15 0.12
0.20 0.16
0.25 0.20
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@ Science and pseudoscience

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Video activity
Tackling scientific
misinformation

pseudoscience

beliefs or practices that
claim to be scientific but
have not been supported
by fair tests

homeopathy

an alternative medicine
based on unsupported
scientific ideas

v describe the differences between science and pseudoscience
v describe examples of pseudoscience claims
v determine if an assertion of a claim or theory is pseudoscientific.

GET THINKING

What are some claims you have heard that seem to lack a scientific basis? How can you
assess a claim to see if it is scientific or not? Make a list of reasons why you should avoid
unscientific health advice.

Differences between science and pseudoscience

Science and pseudoscience differ in important ways. In Stage 4, pseudoscience was
defined as beliefs or practices that claim to be scientific but have not been supported by
fair tests. In contrast, science is knowledge gained from scientific processes, including
fair tests. The scientific process also involves a set of attitudes to knowledge and its
evaluation, such as rigour and openness, that may not be shared by people who support
pseudoscience (Table 2.3.1).

v TABLE 2.31 Key differences between science and pseudoscience
Feature Science Pseudoscience

Scepticism Uses a critical approach to assess Beliefs are not open to critical examination.

new information. Belief determines what is accepted

Evidence from investigations is used = as evidence.
to support claims.

Rigour The consequences of a hypothesis Concepts and hypothesis are not usually
are explored in detail. open to review or research.

Humility Even established theories can A certainty that truths are correct. An
potentially be proved wrong. understanding that beliefs are not open to

being proved false.

Openness Knowledge and techniques are Sometimes knowledge is kept secret or
shared with others. restricted by those who believe in the theory.

Connectedness New knowledge must link to Knowledge does not have to be consistent
the broader knowledge of the with scientific knowledge.

scientific community.

Evolving Once tested, new evidence and Evidence supporting beliefs adds to a
understanding ideas can replace older evidence pseudoscience’s knowledge base but does
and knowledge. not change what is believed.

Why do people believe in pseudoscience?

Some pseudoscience supporters promote untested theories, and others deny scientific
ideas. Untested pseudoscience theories include astrology, chromotherapy, homeopathy,
phrenology and crystal healing. Areas that deny scientific ideas and claims include
tobacco disease denial, climate change denial, scepticism about genetically modified
foods and scepticism about vaccines.
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There are strong psychological motives for why some
people support pseudoscience ideas. Pseudoscience
can provide a sense of belonging to a community
and a sense of being in control. Peer pressure also
leads some people to embrace pseudoscience beliefs.
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Sometimes, people believe they feel better after
receiving alternative medicine treatments such as
homeopathy (Figure 2.3.1). This can be due to the
placebo effect of receiving a treatment, rather than
the effectiveness of the treatment itself.

The denial of scientific knowledge in some ' : b
pseudoscience areas can also be motivated by a A FIGURE 231 Homeopathy includes the belief that very
pursuit of profit or a reluctance to change behaviour. diluted chemicals can cure diseases.

For example, tobacco use was identified as a cause

of lung cancer as early as the 1940s. By the 1960s, research findings in a range of alternative medicine
therapy or practice
unsupported by scientific
the science well into the 1980s, attacking research findings, funding positive advertising evidence or medical

. . . . o ts that aims t
(Figure 2.3.2) and using paid experts in court cases to deny responsibility for the effects ?;Efgvse thae sgﬁho

of their products. of people

placebo effect
She’s learned that Camels...s0 rich and full e 2 >
flavored ... . suit her o n "T." '
Let your™ L| P—Zone " tell you why

Camels are the Choice of Laperience”

a treatment
AKE A TIP from Bobbie Steele . .. try Camels
and compare them with other brands you've

scientific disciplines had confirmed the claim. However, the tobacco industry disputed

Ralf Liebhold/Shutterstock.com

w " o
YOUf T"' zone 7’ ’ smoked. Chances are you'll agree with Miss Steele
3 - 2o i and with millions of other smokers thac there's no
T for Taste... 1 b - other cigarette like a Camel! For Camels are made

from choice tobaccos, properly aged and expertly
blended. They're full-flayored, mild, cool “moking.

Test Camels in your “T-Zone.” T for Taste and
T for Throat. See how their famous flavor pleases
your taste. See if Camel’s cool-smoking mildness
doesn’t suit your throat to a "T"!

<
3
% According to a Nationwide survey:

> More Docrors Smoke CAmELS
THAN ANY OTHER CIGARETTE

When 113,597 docrors weee asked by three independent rescarch arganizations (o

A FIGURE 2.3.2 Tobacco companies produced advertising implying that smoking was safe long after
its harmful nature was known.

How to identify pseudoscience claims

We can use three key features to identify pseudoscientific claims:
e they often rely on confirmation bias rather than a systematic study of evidence
® they lack openness to evaluation by experts

e the scientific process has not been used in developing and testing theories.
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confirmation bias
intentionally selecting
data to support a case
or opinion

New Age

a philosophy that

seeks healing and self-
development through
practices such as
meditation, astrology and
alternative medicine
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Reliance on confirmation bias

Confirmation bias is the tendency to favour information that confirms or strengthens

a belief. For example, a climate-change denier might use a temporary period of cool
weather as ‘evidence’ that the climate is not warming. The fact that the weeks on either
side of the cool weather period experienced higher than usual temperatures would not be
considered as evidence to judge this pseudoscience theory by the climate-change denier.

Lack of openness to expert evaluation

In scientific research, methods and evidence are shared with the wider community
of scientists for assessment. Pseudoscience may involve some form of research, but
generally the results and methods are not revealed.

For over 4000 years, alchemists sought a cure for all diseases, ways to turn lead into gold
and medicine to make someone immortal (Figure 2.3.3). Alchemy is now considered an
example of a pseudoscience, in part because it did not make its ideas and methods open
to evaluation. Gradually, theories tested by science replaced the spiritual side of alchemy,
but such ideas can still be found in some New Age belief systems. Some discoveries
alchemists made have contributed to developing the current scientific disciplines of
chemistry and medicine.

Maya Kruchankova/Shutterstock.com

A FIGURE 2.3.3

Alchemy is today regarded as a pseudoscience.

Absence of the scientific process

Pseudoscience makes claims that cannot be tested or turned into investigable questions.
If such questions are possible, the results of investigations do not support the claims.

While lacking good scientific practice themselves, some pseudoscience supporters
criticise shortcomings in scientific investigations that do not agree with their beliefs

or ignore well-conducted studies that cast doubt on their beliefs. Homeopathy is an
example of a pseudoscience where this practice occurs. Homeopathy is a system that
believes that the smaller the dose of a medicine, the greater its effect. It also believes that
a medicine producing symptoms similar to a disease in healthy people can be used to
treat that disease.

9780170491785



A pseudoscience case study:
anti-vaccination beliefs

Vaccination has been thoroughly tested, and found safe
and effective in reducing the effects of disease. As with
most medical practices, a small number of people have
bad effects. However, the health community considers
vaccination to be beneficial and safe for most people.
During the COVID-19 pandemic, misinformation about
the safety of vaccination caused many people to protest
and avoid vaccination (Figure 2.3.4), even though it was
proven to reduce death rates and serious side effects.

Some people also resist the use of vaccinations on
philosophical and religious grounds.

Some anti-vaccination ideas are misinformation created outcomes during a pandemic.
by people who seek to benefit from making people

mistrust the vaccine. For example, some people sell alternative therapies, and some
lawyers have sought compensation on behalf of people who have claimed a vaccine
negatively affected them.

In 1998, the British medical journal The Lancet published a scientifically fraudulent
paper that claimed there was a link between measles-mumps-rubella vaccination in
children and autism. Despite scientific research finding that the study was poorly
performed and that the author stood to benefit financially from the claims, media
attention generated a fear of vaccinations in many people. In 2010, the paper was
retracted and the author was banned from practising medicine in the UK. In 2019, a
study of 660000 children over a period of 11 years found no link between the vaccine
and autism.

Pseudoscience can have serious effects on global health. For example, the World Health
Organization estimates that in 2022, 136 000 deaths occurred globally due to measles,
mainly in unvaccinated or incompletely vaccinated children, some of whom were
unvaccinated by parental choice.

@ LEARNING CHECK

Define pseudoscience.
Describe three ways in which science and pseudoscience are different.

1

2

3 List three features of a pseudoscience claim.

4 Identify a pseudoscience claim and explain why the claim is not scientific.
5

Describe two reasons why people believe pseudoscience claims.

9780170491785 Chapter 2 | Data science

A FIGURE 2.3.4  Anti-vaccination beliefs can affect health

59

£
<}
3]
X
3}
<}
2
&2
9]
&
=
=}
=
»
=
c
c
a
>
c
]
o




@ Data and scientific claims

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

19 )
o‘:

Video activity
Confirmation bias

Quiz
Secondary data

v describe biases that can distort the collection and analysis of data

v explain how the manipulation of an investigation's data and conclusions can lend
support to a specific viewpoint.

GET THINKING

Have you ever left out a measurement from a table of results? How can the absence or
addition of data in an investigation affect the results? Can an investigation’s findings be
altered during the analysis of data? How might this happen?

Bias in experimental investigations

You must always be on the lookout for bias in experimental methods, collected data and
claims. A bias occurs during sampling or analysis when data is selected that favours
one possible answer over others. Bias can occur at any stage of a scientific investigation.
Figure 2.4.1 shows some biases that can occur at different stages of an experimental
investigation. The main types of bias are also summarised in Table 2.4.1.

+ Poor « Citation bias
expgrimental * Reporting bias
design » Statistical

+ Selection bias

Initial
question

A FIGURE 2.41
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misrepresentation

Conduct of

Planning investigation

Analysis

* Poor
measurements
and records

* Experimenter
bias

Scientific
report

Examples of bias that can occur at different stages of a research investigation
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TABLE 2.41 Types of bias in scientific investigation and reporting
Bias Description and examples

Poor design Failing to control variables, using small datasets and selecting instruments
that lack precision all distort the meaning of results

Selection bias Selecting groups for study that do not accurately represent the population
being studied

Measurement bias Not accurately recording data or information, possibly due to errors in data
collection, bias in the data collector, inconsistent measurement methods or
unreliable instruments

Reporting bias Under-reporting unexpected or undesirable research results

Experimenter bias Interpreting data in a way that supports pre-existing beliefs about the
investigation outcomes (a form of confirmation bias)

Citation bias Selecting references that support specific experimental outcomes and
ignoring studies that do not support the experimental claims

Statistical + Choosing evidence that supports a specific claim
misrepresentation Using deceptive charts

Treating small differences as meaningful rather than being due to
natural variation

Favouring results from small sample groups

Repeatedly comparing variables until a relationship is found by chance,
but presenting it as a planned investigation (also called data-dredging)

Some of the common types of bias are described in more detail below.

Selection bias

Imagine using the Australian basketball team as a sample to determine the average height
of Australian males (Figure 2.4.2). In 2024-25, the average height of this group was 200 cm
(2 metres). This is an example of selection bias, where subjects are selected who do not
accurately represent the population they are drawn from. A good investigation plans how
data is collected to fairly represent the population being sampled.
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A FIGURE 2.4.2  Using the Australian men's basketball team to find the
average height of Australian men would be an example of selection bias.
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Citation bias can be thought of as a form of selection bias. It occurs when an author
selects references that support their claim but leaves out references that do not support
their claim or that give different evidence or conclusions.

Statistical misrepresentation

There are many ways that statistics can be manipulated to support a bias (Table 2.4.1).
Creating misleading graphs is a common form of statistical manipulation. For example,
the axes of graphs can be manipulated to maximise differences (Figure 2.4.3), alter

the rates of change (Figure 2.4.4) or even suggest an opposite effect to the one that
occurred (Figure 2.4.5).

Number of people wanting to ban hire scooters from footpaths

a b

35 331

32 4

31

Count
Count

Group1  Group 2 Group 1 Group 2

A FIGURE 2.4.3  Exaggerating differences by manipulating scales. (a) Small differences can be made
to look as if they are (b) large differences.
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a Decline in Arctic summer ice 1990-2020 b Decline in Arctic summer ice 1990-2020 @
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A FIGURE 2.4.4  Reducing or increasing apparent change. The trend can be made to look (a) small or (b) large by stretching

the axis.
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A FIGURE 2.4.5 Ignoring graphing conventions makes it harder to understand the data. For example, (a) one scale can be
(b) reversed to make a decrease look like an increase.

Confirmation bias

Imagine running 20 trials of an experiment but only reporting on those that support
the outcome you want to occur. The reported trials may be chance events and may
misrepresent the experimental results. This is an example of confirmation bias, where
evidence is selected to support a specific claim. For example, some supporters of
homeopathy use confirmation bias to defend their beliefs. They only select studies

that support their ideas but do not acknowledge studies that report no effect from
homeopathy methods.
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The effects of bias in research

Bias in an experimental investigation leads to claims that support a particular viewpoint.
However, that viewpoint is not likely to be a valid conclusion as some data has

been given greater weight than other data or has been manipulated. As a result, the
investigation is not a fair test.

Reviewers usually identify bias in published papers, but some biased papers pass
peer review. These papers potentially affect how other researchers answer their own
questions. Time and resources may be wasted proving the biased viewpoint is wrong.

Sometimes, the media may pick up on biased research and introduce false beliefs into
society. It is much harder to correct wrong information than it is to produce it.

@ LEARNING CHECK

Define bias.

Describe two types of bias that can affect the analysis of experimental data.

Explain how altering the vertical axis can minimise differences in a bar graph.

Explain citation bias.

Is measurement bias always due to bias by the data collector? Explain your response.

N O Hh WON =

How can the biased reporting of an investigation affect other scientists? Justify
your answers.

64 Science in Focus | Stage 5 NSW 9780170491785



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v outline how data collection and analysis are conducted with large datasets.

GET THINKING «l
P4

| L 4

v describe the features and applications of large datasets

What is the largest table of data you have analysed so far in class? How hard would it be to
analyse an experiment that generated 100 000 rows of data in a spreadsheet? Make a list of g:fsﬁ':': resource
things you could do that would make it easier to analyse a large dataset. '

What is a large dataset?

In Stage 4, we defined big data as large, complex datasets that are difficult
to process and analyse. But what would a data scientist classify as large?
To a data scientist, a large dataset is one that cannot be easily stored

in a computer’s working memory or RAM. This is a lot of data, given
most personal computers today have a RAM of around 8 to 16 gigabytes.
Consider a downloaded file of astronomy data, which is 4.8 megabytes.

It represents a dataset of seven variables for more than 118 thousand
stars (Figure 2.5.1). To us, this would be a very large dataset,

but not to a data scientist.

ESA - C. Carreau

A FIGURE 2.514  The Gaia satellite

Features of a Iarge dataset measured the position and brightness of
more than 2 billion objects in the Milky

A large dataset has two key features: it is large enough to be statistically :’;ﬁfﬂtgdsa‘:gh projects produce vast
reliable and it requires computer analysis to find and describe )
associations, patterns and trends. large dataset

a dataset large enough to
Statistical reliability means the data produces consistent results when be statistically reliable and
. . . [ t lysi
it is analysed using the same methods repeatedly. In contrast, when you repeat analysis reduire compd Tr ananss

. . . . t i

using small sample sizes from a much larger population, you might calculate averages g‘ff;‘;ﬁeﬁreangnﬁ;ﬁon

that are different from each other and from the true measurement. Increasing the sample ~ °f Sometthing using
. L . a computer
size will likely result in averages closer to the true measurement. - _—
statistical reliability
the ability to produce

USG Of Iarge datasets |n SC|ence consistent results when

repeatedly analysed using

. . . . the same methods
Large datasets are valuable in science because they are likely to contain

patterns and correlations that will help answer questions. If it is correctly
collected, more data can reduce errors, which is why large datasets are
more reliable. This is particularly important when analysing highly
variable data, such as weather data (Figure 2.5.2). Large language models
(LLMs), such as ChatGPT, are artificial intelligence programs trained
using vast amounts of text. They can generate answers to text-based
questions using connections found within the datasets.

Minerva Studio/Shutterstock.com

A FIGURE 2.5.2  Predicting the movement
and effects of storms requires large
datasets of past storm behaviour.
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NASA Earth Observatory image by Michala Garrison, using Landsat

Chay_Tee/Shutterstock.com

data from the U.S. Geological Survey. Story by Lindsey Doermann

Collecting and accessing large datasets

Large datasets can be collected and accessed in many ways. A laboratory
data logger may generate thousands of lines of data in a few minutes during
an experiment. Satellites and telescopes can collect huge amounts of data
very quickly. Images are also a rich source of data, and a single image can
contain a large dataset. For example, an image of snow cover can provide
data that can help analysts to estimate how snowfall changes from season
to season (Figure 2.5.3). The internet holds a wide range of data stored

at public sites. Organisations such as the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) and NASA, as well as the Registry
of Open Data on Amazon Web Services, have large datasets available for
public use. Government websites also provide publicly available datasets.

A FIGURE 2.5.3  An image of snow- Analysing |arge datasets

covered mountains taken with remote

sensors; such an image contains a
large amount of data.

Large datasets require computer analysis mainly because of their size.
Imagine working out the average of several thousand values on your
calculator; that would take a long time! Computer software, such as spreadsheets and

)
%< programming languages, provide statistical and graphical tools that speed up data
processing, presentation and analysis (Figure 2.5.4).
Weblink
CSIRO educational Programming languages, such as Python and the R statistical language, are used

extensively by research scientists. Languages such as C+4 and JavaScript are also used
for modelling and games development (Figure 2.5.5).
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A FIGURE 2.5.4  Statistical software helps data analysts A FIGURE 2.5.5 Programming languages used in science are
manage large datasets, simplifies calculating statistics also used for games development.
and creates visualisations.
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Computer software can also help speed up data preparation and analysis, including
identifying and correcting data formatting errors or duplicate data. Some software can
rapidly graph data to save time.

@ LEARNING CHECK

1 Describe the two key characteristics of a large dataset.

2 Explain why large datasets require computer analysis.

3 List three sources of large datasets.

4 Outline two ways that the use of computers speeds up data preparation and analysis.
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@ Analysing datasets

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

identify the benefits of univariate analysis in describing data
outline methods used in a univariate analysis
describe the purpose of bivariate analysis

A O NN

compare the information provided by univariate and bivariate analysis.

Univariate analysis ,
(4
The first stage of data analysis is called univariate analysis (from ‘uni-’ meaning one and
‘variate’ meaning variable). Its purpose is to describe and summarise data. Univariate ceiondeos o
in a minute:

analysis also helps us check for missing values and outliers and ensures the data is as
reliable as possible. Each variable, or column of data, is analysed in turn using a set of
relevant questions (Figure 2.6.1).

Organising data

Organising data
into charts

Representing data
in different forms

* Where is the data centred? univariate analysis

+ Is there a large or small spread of data? an analysis that involves
only one variable that
describes the data

Centre and spread

outlier

a value that differs
significantly from other
values in a dataset

* What is the shape of the data distribution?
Data distribution * Is data distributed in a symmetrical way?
» What can be inferred from the shape?

* Is there missing data?
Unusual features * Are there outliers?
« Can | identify reasons for these things?

A FIGURE 2.61 Some questions to ask when you perform univariate analysis

There are three methods used in

univariate analysis: * Outliers? Valid data or error?

Clean dat -
e descriptive statistics AN CEE - Missing data? How much?
(see Module 1.9)
e frequency/grouped data tables Descriptive + Measures of the data centre?

statistics ~ + Measures of data spread?
e graphical analysis.

Frequency/ « Initial thoughts on
You should use all three methods grouped data distribution?

when conducting univariate analysis tables

Figure 2.6.2).
( & ) * Symmetry?
+ One mode or more?
* Asymmetry?

Graphical
analysis

Summarise what you
have learned

A FIGURE 2.6.2  The steps of univariate analysis
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Maths in science videos
Analysing
different graphs

Mean, median and mode

Worksheets
Univariate analysis

Bivariate analysis

descriptive statistics
values derived from a
dataset, such as a mean
or maximum value, that
summarise the dataset

Data cleaning

Data cleaning is the process of fixing errors and other problems in datasets. There are
often missing values in large datasets that need to be carefully considered and managed.
For example, just deleting rows with missing data may affect the validity of your analysis.
Data errors can also occur when dealing with large amounts of data. For example, some
outlier data can be errors. Errors affect statistics and can affect the outcome of your
analysis. When you look at outliers:

e carefully consider whether they are errors or just possible extreme values
® do not remove outliers from your analysis unless you are sure they are errors

® always report how you deal with outliers in the analysis section of your science report.

Descriptive statistics

Descriptive statistics, sometimes called summary statistics, identify the centre and
variation in data. They also provide information used to create frequency tables and
graphs, such as box plots. Table 2.6.1 contains a summary of the relevant statistics we can
use. For example, Table 2.6.2 shows the statistics for the mass of 30 watermelons in a crate.

TABLE 2.61 A summary of descriptive statistics

Type Statistic
Extreme Maximum
val
alues Minimum
Centre of Mean
dataset
Median
Mode
Spread Range
of values
Variance*
Standard
deviation*

Definition or calculation Example, using the dataset:

2,3,3,4,5,6,8,9

Largest value

Smallest value

Sum of values divided by number of values

Centre value in an ordered dataset

Most frequently occurring value in the distribution
of scores. There may be more than one mode

Distance between maximum and minimum value,
calculated by subtracting the smallest number
from the largest number in a dataset

Arithmetic mean of the squared differences
between each value and the mean value

The square root of the variance. A measure of the
spread of scores around the mean

9
2

(2+3+3+4+5+6+8+9)
8

Lies between 4 and 5, so the median is 4.5

3

9-2=7

Mean =5

Square difference of each value from the mean:
(2-52=9 (3-52=4

(3-52=4 (4-5)2=1

(5-52=0 (6-52=1

(8-52=9 (9-52=16

Sum of squared differences:
9+44+44+14+0+1+9+16=44

Variance:

44

—=8.8
5

Using a calculator: 2.3 (rounded to one
decimal place)

*You may not be required to be able to calculate this type of statistic but you should know what the statistic describes
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v TABLE 2.6.2 Descriptive statistics for a crate of watermelons

Statistic Value
Number of measurements (n) 30
Missing data Nil
Mean 10.1kg
Median 9.8kg
Mode 9.9kg
Minimum 8.6 kg
Maximum 14.3 kg
Range 5.7 kg
Possible outlier 14.3kg

Tables used in univariate analysis

Tables summarise data and identify patterns. A grouped frequency table presents data in
groups called classes. A class contains a range of values that doesn’t overlap with other
classes, so a value can only be in one class. Grouping data helps to summarise large datasets.

Table 2.6.3 is a grouped frequency table showing the mass of a sample from a specific
fish species. Note that 14 of the 30 masses (47%) occur in the class of values that contain
the mean, 10.1kg.

v TABLE 2.6.3 A grouped frequency table of fish sample masses

Mass (kg) Frequency
1.450-1.499 1
1.500-1.549 4
1.550-1.599 4
1.600-1.649 14
1.650-1.699 5
1.700-1.749 1
1.750-1.799 0
1.800-1.849 1
Total 30

Graphs used in univariate analysis

The main graphs used in univariate analysis are histograms and box plots for continuous  continuous data
data and bar charts and pie charts for discrete data. Figure 2.6.3 shows a histogram and ﬂ? atf r:g;}:;ﬁjadseu;f&f: '
a box plot of the data from the fish mass example. In this example, individual points are numbers and any value
. .. . . between them
plotted next to the box plot for comparison but this is not required in a box plot. These diserete dat
Iscrete data

displays make it easier to analyse the data and notice the following: data where there is only

a limited number of

® There are a relatively small number of fish with a mass greater than 1.70kg. possible values

® The data seems slightly weighted to the lower masses but is close to symmetrical
(evenly spread around the mean), considering the small sample size.
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Published scientific research on this fish species shows that a mass of 1.82kg is in the top
1 per cent of masses, so the value may not be an outlier.

a Fish mass distribution b Fish mass distribution
[ )
1.80 1
10
1.75 A
8
1704 ° — T
%
> —_~
g 64 g 165 ofe
= a S
o g e
w Z 160, o°
44 °
o
. [ ]
1.55 ?
2- o’
1.50 A
0 T T T T T T T T 145 =
145 150 155 160 165 1.70 1.75 1.80
Mass (kg)

A FIGURE 2.6.3

bivariate analysis

an analysis involving two
variables that identifies
and explains trends,
correlations or groupings

correlation

a trend in data in which
one variable changes
consistently as the other
variable changes

line of best fit

the line that best
represents the trend of a
set of data points
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(a) Histograms and (b) box plots are two methods of graphing univariate data.

Bivariate analysis

Bivariate analysis (‘bi-’ meaning two and ‘variate’ meaning variable) compares two
variables and aims to identify trends, correlations or grouping. While univariate
analysis describes data, bivariate analysis identifies correlations and relationships,
and generates explanations.

You are familiar with creating line graphs with a line of best fit. This is one example of
bivariate analysis.

Analysing correlations

Table 2.6.4 and Figure 2.6.4 are from an investigation to determine the relationship
between an applied force and how far the force moves a trolley. There is a strong
linear correlation between the variables. Based on the graph, a claim can be made
that the distance the trolley moves is proportional to the force applied for the range
of forces studied.

9780170491785



v TABLE 2.6.4 Results from a study of applied force and the resulting distance a trolley moves

0.26 0.33 0.55 0.42 0.44
0.47 0.87 0.68 0.71 0.75
0.68 1.21 0.88 0.99 1.03
1.03 1.70 1.51 1.52 1.58
1.26 1.82 1.82 1.82 1.82
1.49 217 2.00 218 212

Distance an applied force moves a trolley
A
2.50+

2.00+

1.50

Distance (m)

1.00

0.50+

0 T T T T T T T —
0 02 04 06 08 10 12 14 1.6
Force applied (N)

A FIGURE 2.6.4 A graph of applied force versus distance a trolley moves shows a strong
linear correlation.
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A scatter plot may show a pattern without needing a line of best fit. Figure 2.6.5 shows
the relationship between the duration of an eruption and the time interval between
eruptions for a famous geyser (an erupting hot spring) in the United States called

‘Old Faithful’ (Figure 2.6.6).

Figure 2.6.5 shows that a linear trend is present, but you may also notice the scatter plot
graph reveals two clusters. The cluster in the bottom left corner of the graph shows data
points for eruptions that have a short duration, and the cluster in the top right shows
data points for eruptions with a longer duration.

Duration of eruption versus interval between eruptions
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Duration of eruption (minutes)

A FIGURE 2.6.5 A scatter plot of the duration of eruptions versus the interval between eruptions for
the ‘Old Faithful’ geyser shows a pattern.

Mapping continuous data
against discrete data

Analysing large datasets often involves mapping
continuous data against discrete data. For example,
the average relative sea level (continuous data) each
month (discrete data) can be shown in a line graph
(Figure 2.6.7). The linear trend shows a rise in sea
level, but there is a lot of variation due to weather
and ocean currents. When continuous data is graphed
against discrete data, lines connect the points to show
that the values form part of a continuous dataset.

A FIGURE 2.6.6  The ‘Old Faithful’ geyser in the USA erupting.
A geyser is a rare type of spring that periodically ejects hot
water and steam into the air.
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Sea level in Sydney Harbour 2019-22
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A FIGURE 2.6.7 Relative sea level per month is variable but can be shown as a line

Comparing univariate and bivariate analysis

Table 2.6.5 summarises the differences between univariate and bivariate analysis.
Remember that both types of analysis work together. To be confident about the claims
we make from bivariate analysis, we need to be confident in the quality of the data for
the variables we use — which is why univariate analysis is so important.

v TABLE 2.6.5 A comparison of univariate and bivariate analysis methods

Characteristic Univariate analysis Bivariate analysis

Number of variables analysed One Two

Purpose of analysis To describe To explain

Does it deal with causes/relationships?  No Yes

Features and methods + Statistics + Analysis of two variables at the same time

Mean, median, range, maximum, minimum |« Independent and dependent variables

Frequency distributions + Correlations
Graphs + Relationships
Bar graphs, histograms, box plots + Explanations

@ LEARNING CHECK

Identify the purpose of univariate analysis.
2 Describe three methods used in univariate analysis.
3 Explain the information provided by:
a the mean.
b the range.
4 Describe the purpose of bivariate analysis.
5 Contrast the purpose and features of univariate and bivariate analysis.
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@ Cause and correlation

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Maths in science video
Correlation
and causation

cause-and-effect
relationship

a relationship in which a
change in one variable
causes a change

in another

v identify causal and correlation relationships
v describe how causal relationships can be established.

GET THINKING

Consider an investigation studying
lifestyle and skin cancer (Figure 2.7.1).
If the study finds a positive correlation
between the amount of exercise and
the frequency of skin cancer, does this
prove that exercise causes skin cancer?
How do you explain this correlation?

A FIGURE 271  Does exercise cause skin cancer?

Scientific investigations frequently aim to find the cause of something, but this can be
difficult. This module examines the differences between a cause-and-effect relationship
(also called a causal relationship) and a correlation. A causal relationship between two
variables exists when a change in one variable causes the other variable to change. For
example, a cause-and-effect relationship exists between the volume of a metal object and
temperature. A change in temperature causes the metal object to expand or shrink.

Correlation

In Stage 4, you learned that correlation describes the closeness of the relationship
between two variables (Figure 2.7.2) and how one variable changes when the other
variable changes. The correlation between two variables can be strong or weak. In
experiments, large random errors caused by imprecise measurements can cause a strong
correlation to appear weak.

Strong correlation Weak correlation No correlation

A FIGURE 2.7.2 The degree of correlation can be (a) strong or (b) weak, or (c) there can be no correlation.
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Causation @

Causation is when one event causes another event to occur. Three factors are required to  causation

. . ‘e when a change in one
show that a causal relationship exists: variable causes a change

in another variable

® acorrelation exists between the variables
® the variable causing the change occurs before the variable that changes

® no confounding variables influence the relationship.

Establishing that cause happens before effect

One of the best ways to provide evidence of a causal relationship between two variables
is through an experiment that involves a treatment group (or groups) and a control group. control group
The treatment applied to the treatment group(s) is the change we make to the independent ?nf,re')iltga%f# ?h'gt?j':)esn,t

variable. The control group is treated the same way as the treatment group except that it change the independent
. variable and is used as
does not receive the treatment. a comparison

We can investigate whether any changes in treatment bring about subsequent changes in
the treatment group. If a correlation is established between the variables, then we know
it is the effect of changes in the independent variable on the dependent variable.

The control group is important. It must be the same as the treatment group in every way
except for receiving the treatment. One approach is to assign subjects or samples for the
investigation to the control and treatment groups randomly (Figure 2.7.3). This balances
variations in the features of the subjects or samples so the two groups are as similar as
possible. For example, in plant studies, a population of plants is randomly divided into
control or treatment groups.

33
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Control group

Random
assignment
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)
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o
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Population Treatment group

A FIGURE 2.7.3  The random assignment of subjects or samples into treatment and control groups
helps to ensure the experiment is valid.
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Dealing with confounding variables

confounding variable A confounding variable is a variable that influences both the independent variable

iable that infl . L . . . .
Eg&“&e?nd :pg:]dléi'sces and the dependent variable, falsely making it look like there is a relationship between
and dependent variable, them (Figure 2.7.4). For example, as ice cream sales increase in summer, so do the

producing a false X . .
relationship between them ~ number of lifesaver rescues. However, one is not causing the other. They are both

due to more people being at the beach as the weather warms. In this example, the

confounding variable is the daily temperature. Changes in the confounding variable

cause the two variables we are studying (in this example, ice cream sales and lifesaver
fg:;i?r'iot what it rescues) to change together, wrongly suggesting a causal relationship might exist. Such
appears to be a relationship is called a spurious correlation.

Daily temperature

rises Confounding rises
variable
Indep.endent Apparent correlation Depe_ndent
variable variable
Ice cream sales rise Lifesaver rescues rise

A FIGURE 274 A confounding variable creates an apparent correlation between the variables
being studied.

To avoid confounding variables, scientists pay

careful attention to the design of an experiment.
For example, in an agricultural study, the location
a plant grows (such as a field) may affect the
results. To minimise confounding variables, the
field can be randomly divided into control and
treatment areas (Figure 2.7.5).

Random design for comparing
treatment with no treatment

Total number of areas = 100
Number of treatment areas (n) = 50
Number of control areas = 50

4 FIGURE 275 In agricultural research,
the location within a field may be a
confounding factor. Randomly assigning
parts of the field to control and treatment
areas may help make sure that location
doesn't affect results.
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Proving causation in medical research

Careful experimental design is essential in medical research, where many factors may
influence an outcome. For example, when studying diabetes, factors such as the age,
fitness, diet and smoking habits of participants may all affect the experiment’s outcome.
Random assignment to treatment and control groups helps to ensure a spread of factors
between the groups. This means that one group will not be affected by a factor more than
the other group.

A double-blind design helps to remove researcher bias as a confounding factor. In a
double-blind study, neither the researchers nor the participants know whether they have
been assigned to the control or treatment group until the results are analysed.

In a trial of a new drug, a sugar pill may be provided to the control subjects instead of
the drug being tested. This way, those in the control group in the trial will have no way
of knowing if they are receiving the treatment or not. The sugar pill, with no medical
benefit or effect, is known as a placebo, and it may help determine if a positive effect
occurs due to the patient’s belief in the treatment.

@ LEARNING CHECK

Define correlation.
2 ldentify each statement as an example of causation or correlation.

a In a controlled experiment, applying a nutrient to the treatment group results in a
15 per cent increase in growth compared to the control group.

b As height above Earth increases, the weight of your body decreases.
c Over time, an electric current flowing through a wire results in the wire becoming hot.
d In spring, an increase in grass and an increase in rabbits occur at the same time.

3 Explain the difference between correlation and causation.

4 Explain why a controlled experiment may provide evidence for causation between a
treatment and its effect.

5 Describe two ways an experiment may be designed to reduce the effect of
confounding variables.

double-blind study
research method
where neither the
participants in a study
nor the researchers
know which groups are
receiving treatments
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the science of collecting

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

bioinformatics

and analysing complex
biological data

base

a part of the structure of
DNA that codes genetic
information about

an organism

genome

the complete set of
genetic material present
in an organism

exabyte

a very large amount of
information, equal to a
billion gigabytes efficient medical techniques.
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A FIGURE 2.81  Bioinformatics uses biological data for

medicine and biological research.

The vast amounts of data used in
bioinformatics and healthcare are often stored in data servers.

A FIGURE 2.8.2
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SCIENCE
IN CONTEXT

v describe some applications of bioinformatics
v explain why the increasing use of genetic data requires specialised knowledge and skills.

Bioinformatics and the growth of biological data

Bioinformatics is the science of collecting and analysing complex biological data
(Figure 2.8.1). Its aim is to rapidly analyse and use genetic data to treat disease. In
the last 40 years, the amount of biological data has skyrocketed. For example, in 1990,
the Human Genome Project set out to sequence the human genome, which includes
3.2 billion pairs of bases. A genome is the complete set of genetic material present

in an organism. The human genome was published in full in 2003.

Bioinformatics specialists search and analyse huge files, solve problems involving data
storage and privacy, and develop artificial intelligence methods to assist in their research.
They work with medical specialists and biological researchers to develop new or more

The amount of data generated in sequencing a
genome is astonishing. Your genome would require
approximately 100 gigabytes of storage. By 2025, it is
estimated that 40 exabytes (that’s 40 billion gigabytes)
of storage will be needed for the genomes sequenced
each year (Figure 2.8.2). In comparison, YouTube, the
world’s biggest online video sharing platform, creates
about 2 exabytes of data annually.

Such large amounts of data require specialised skills
for storage and analysis. Think about how challenging
it would be to find a specific piece of information
among such vast quantities of data and the cost

of storage. However, as more people have their
genomes sequenced, the cost to manage this data

is likely to decrease due to efficiencies of scale and
improvements in technology.

Applications of bioinformatics

There are many practical uses for bioinformatics.

For example, many common human diseases (such

as heart disease, diabetes and cancer) have a strong
genetic component. Genome-based research creates
new methods of diagnosis and more effective methods
of treatment. It also allows rare genetic diseases to be
detected in a way unavailable two decades ago.

9780170491785



Genomic information is increasingly used in cancer treatment. For example, a genetic
test can show the probability that a patient will react severely to certain chemotherapy
drugs. Precision cancer medicine uses a patient’s genetic make-up and knowledge of
their lifestyle and how their body works to develop individualised treatments. While
effective, such treatments are expensive.

Bioinformatics also helps in the study of viruses that cause disease; for example, allowing
researchers to:
¢ identify new viruses

® study how virus and host interact

® improve understanding of epidemics and pandemics, such as the COVID-19
pandemic (Figure 2.8.3).
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A FIGURE 2.8.3  Bioinformatics provides data to help front-line medical staff in a pandemic
understand how disease spreads, how diverse its strains are and the risks it presents to patients.

@ LEARNING CHECK

1 Describe bioinformatics.
2 Explain why data produced by bioinformatics requires large amounts of storage.
3 Describe two uses of bioinformatics.

4 Explain why specialised knowledge and skills are needed to analyse and store
biological data.

precision cancer
medicine

a branch of medicine th
uses a patient’s genetic

at

make-up and knowledge

of their body and lifesty

le

to develop individualised

cancer treatments
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? REVIEW

(REMEMBERING j

1 Define the term investigable question.
2 List the three parts of a good scientific argument.
3 Define bias and give an example.

4 State two types of questions used in a
univariate analysis.

5 List three things required to show a cause-and-effect
relationship between two variables.

(UNDERSTANDING )

6 Describe the purpose of bivariate analysis.

7 Explain why a question that can be answered
by looking up the answer may not be an
investigable question.

8 Describe two reasons why people accept
pseudoscience ideas.

9 Explain why identifying the author of an online
resource is important for checking the validity of
the information.

10 Describe three ways in which science and
pseudoscience are different.

11 Construct a table to compare the purpose and
number of variables used in univariate and
bivariate analysis.

12 Identify each statement as an example of causation
or correlation.

a As latitude increases, the weight of a
kilogram increases.

b In a controlled experiment, plants treated with
fertiliser increased their dry mass 8 per cent more
than the control.

¢ The longer a current flows through a lamp, the
more heat is generated by the lamp.

13 Describe the work of a bioinformatics specialist.

( APPLYING )

14 Explain why altering the vertical scale on a graph can
distort the trend shown.

15 Explain why increasing the sample size in an
investigation increases statistical reliability.

Science in Focus | Stage 5 NSW

16 The figure below represents a sample selection
from a large population. Explain why randomly
choosing the sample from the population makes an
investigation more reliable.

Population

v W%
gy = ¥

17 Compare how statistics and graphs represent data in
univariate analysis.

18 Construct a null hypothesis from the following
hypothesis: If the amount of light a garden bed
receives decreases, then the number of weeds
per square metre will decrease.

(ANALYSING )

19 Evaluate the centre and spread of the following
dataset with statistics.

Measured mass (g): 2.4,2.5,2.1,1.6,2.8,2.5, 3.0,
2.6,2.4

20 Compare and describe the relationship between the
variables in the following table using a line graph.

Variable X (g) Variable Y (°C)
0.2 19.8
0.3 20.0
0.4 20.2
0.6 20.5
0.8 20.7
1.0 20.8

21 Examine and describe how outliers affect the
accuracy and position of a line of best fit.



(EVALUATING

22 Assess how attitudes to knowledge and
its evaluation influence the reliability of

scientific knowledge.

23 Compare univariate analysis and bivariate analysis.

24 The figure below shows box plots for six samples,

each of 150 measurements from a population.
Evaluate how a large sample size contributes to

consistency across multiple samples.

Values
o
1

) 25 Explain and justify the importance of careful
experimental design in establishing a causal
relationship between two variables. Give examples

of two types of problems that can occur.

(creating

26 Design an investigation into the relationship between
heart rate and height in a class of students. In your
answer, identify:

a

b
c
d

the hypothesis you will test.
how you will deal with confounding factors.

how the data will be collected.

the analysis procedure you will use.

Box plots of six samples of 150 values

9780170491785
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In this chapter, you've learned about using data to answer
investigative questions and how to create scientific arguments using
gathered evidence. Create a flow chart for an investigation. Begin by
identifying an investigative question about extreme bushfires and
end with a scientific argument about what the data shows.

Formulate an investigable question using the questions
from the Science in Depth #2 at the start of the
chapter. Where will the data come from to answer your
question? How much data will you need to make your
conclusions reliable?

Gather information relevant to your
question about major bushfires using
3—4 reliable scientific sources. Can
you apply the analysis techniques
from the chapter to the data? How do
you judge the validity and reliability of
your investigation?

Use the knowledge and understanding of major
bushfires you have gained to create a presentation using
a scientific argument about what you have found and
present it to your class.
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Energy cannot be created or destroyed, only transferred and transformed.

A Sankey diagram is a type of flow chart that uses different-sized arrows to show
the amount of energy transferring or transforming through a system.

Some energy transformations are more efficient than others and
efficiency can be measured.

=

Measuring the efficiency of a ball’s bounce

S

During energy transformations, some energy is not transformed into
useful energy and is considered waste.

=2

The energy efficiency of processes can be increased by reducing or reusing waste energy.

Evaluating evidence to choose an energy-efficient lighting solution

=<

Many Aboriginal Peoples have long made clothes and bedding to control heat loss.

o

In Australia, new houses and buildings use designs and are built
from materials that improve energy efficiency.
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Formula 1 racing teams aim to have their vehicles travel a particular
distance in the shortest possible time. Formula 1 races have strict
rules about engine size and design, and the type of fuel that can be
used. As a result, racing teams are always looking to maximise the
efficiency of the energy transformations that occur in race cars. This

is the transformation of the chemical potential energy of the fuel into
the kinetic energy of the moving vehicle. The team that can do this the

most efficiently is more likely to win the race.

The most significant challenge in maximising efficiency is the effect
of air resistance. Air resistance is a frictional force that opposes the

motion of the vehicle, which slows it down.

What features of the design of the vehicle body are aimed at

[#3 DIVE INTO SCIENCE!

At the end of this chapter, you will
complete Science in Depth Study
#3. You can use the information
you learn in this chapter to
complete the project.

maximising efficiency by minimising air resistance? List at least

five features.

How do you think that the Formula 1 racing teams test the

efficiency of their designs?

Assessments

® Prior knowledge quiz

® Chapter review questions
® End-of-chapter test

® Depth study: Poster

Videos

® Science skills in a minute: Measurement errors (3.4);
Evaluating secondary evidence (3.7)

® Video activities: Energy efficiency ratings (3.3);
Improving energy efficiency at home (3.6)

¢ Nelson MindTap

.
]

Science skills resources

® Science skills in practice: Measurement errors (3.4);
Evaluating secondary evidence (3.7)

® Extra science investigations: Transforming gravitational
energy (3.1); Transferring and transforming energy (3.2);
Energy efficiency (3.3)

Interactive and other resources
® Drag and drop: Calculating energy efficiency (3.1)
® | abel: Sankey diagrams (3.2)

® Activity sheets: Cotton reel spinner (3.1);
Design a sustainable house (3.9)
Worksheets: Gravitational potential energy (341);
Energy transformations (3.2); Energy flow
in devices (3.2); Analysing an energy
system (3.2); Energy revision (3.R)

To access resources above, visit
cengage.com.au/nelsonmindtap



Q Law of conservation of energy

BY THE END OF THIS
MODULE, YOU WILL

BE ABLE TO:

«l
o‘:

Extra science
investigation
Transforming

gravitational energy

¥ TABLE 311

Form of energy

Kinetic energy

Thermal energy

Sound energy

Light and
radiation energy

Electrical energy

Gravitational
potential energy

Elastic potential
energy

Chemical potential

energy

Nuclear potential
energy

law of conservation

of energy

when energy is transferred
or transformed, the total
amount of energy remains

the same

isolated system

a system in which no

energy or matter is
exchanged with the
surroundings

energy transfers and transformations

v recall and explain the law of conservation of energy and understand how it applies to

v model energy transfers and transformations using energy flow diagrams.

GET THINKING

Make a list of the possible sources of energy in a school science laboratory. Make a second
list of all the different ways energy is used in a school science laboratory.

Types of energy

Energy is important in everything that we do. It exists in many different forms, some
of which are shown in Table 3.1.1. The general definition for energy is the ability to
do work. We can think of it as the ability or capacity to make something happen. We
measure energy in joules (J), kilojoules (kJ) or megajoules (MJ).

Some different forms of energy

Definition

The energy of something that has mass and is moving

The energy associated with the temperature and kinetic
energy of particles

The energy associated with the vibrations of matter
caused by sound waves

The energy carried by electromagnetic waves

The energy carried by moving charges (electrons)

The energy stored within something as a result of its
position when under the influence of a gravitational force

The energy stored within something when it is stretched
or compressed away from its natural resting position

The energy stored within a chemical, which can be
released when the bonds between atoms change during
a chemical reaction

The energy stored within an atom’s nucleus, which can
be released during a nuclear reaction

Example of work performed

Air particles in wind contain kinetic energy because
they are moving and can turn turbines.

A hot stovetop full of thermal energy may produce
steam that moves away from the stove.

A sound makes your eardrums vibrate.

Light from the Sun is converted into electrical energy
in a solar panel.

Electrical energy flowing to a television can produce
light through the screen.

Objects that are dropped from heights cause damage.

A stretched rubber band flings an object across a
room when released.

When wood is burned, chemical energy is released as
heat and light.

At nuclear power plants, nuclear reactions release
energy from radioactive nuclei.

Understanding conservation of energy

When modelling and understanding where energy comes from and how it moves

around, an important fundamental law of physics is the law of conservation of energy.
This law states that energy cannot be created or destroyed in an isolated system. An

isolated system is one that does not allow matter or energy to enter or leave. This means
that energy can only be transferred or transformed. Therefore, when there is an:

® energy increase within the system, the energy must have come from somewhere or

something else outside of the system
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® energy decrease within the system, the energy must have gone to somewhere or
something else outside of the system.

Imagine a person diving from a high platform into a pool (Figure 3.1.1). At the top of the
platform, the diver has gravitational potential energy but no kinetic energy because they
are not moving. At the bottom of the dive when the diver meets the water, the diver has
less gravitational potential energy, but they have a lot of kinetic energy because they are
moving very fast. The gravitational potential energy has transformed into kinetic energy
as the diver falls.

According to the law of conservation of energy, the total amount of energy that exists

always stays the same.
Height Gravitational Kinetic
(m) potential energy (J) energy (J)
0

— 10.0 7000

— 75 5250 1750
— 50 3500 3500
— 25 1750 5250
— 0 0 7000

A FIGURE 314 Adiver loses gravitational potential energy and gains kinetic energy.

Energy can be moved around in two ways: energy transfer and energy transformation.

Energy transfer

An energy transfer is when a particular form of energy
is passed from particle to particle, object to object or
space to space without the type of energy changing.
For example:

poltu shyamal/Shutterstock.com

® kinetic energy in a cricket bat transferring to
kinetic energy in a cricket ball when the ball is
hit (Figure 3.1.2)

e thermal energy transferring from a hot iron to a
shirt when ironing

® sound energy transferring from a speaker through L L
. ] A FIGURE 31.2 A moving cricket bat transfers kinetic energy
air particles to your ears. when it hits a cricket ball.
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> Energy transformation

18
An energy transformation happens when energy changes from one form into another.
Other resources . . . 5 . . .
Activity sheet: Cotton An example of an energy transformation is when a diver’s gravitational potential
L spi . . .
reet spinner energy changes to kinetic energy as they fall into a pool. Some other examples of energy
Worksheet: Gravitational

potential energy transformations are:
® electrical energy turning into light and thermal energy in a light bulb
¢ light energy changing into electrical energy in a solar panel (Figure 3.1.3)

® chemical energy from fuel transforming into kinetic and thermal energy in a

combustion engine.

S

A FIGURE 31.3 A solar panel transforms light energy into electrical energy.

Energy flow diagrams

energy flow diagram An energy flow diagram shows energy transfers and transformations. Energy

a visual representation of . .

energy movement using flow diagrams use arrows to show the movement of energy, with transfers and

arrows and boxes transformations often distinguished by different colours. An energy flow diagram for a

parent pushing a child on a swing is shown in Figure 3.1.4.

—> = Energy transformation = = Energy transfer

Chemical Kinetic Kinetic energy Gravitational Kinetic energy
energy energy (child and potential energy (child and
(parent) (parent) swing) (child and swing) swing)
The parent uses The parent’s The child and swing The child and swing The child and the swing
energy from their arms move to start to move. move into the air to move back as they fall
food to move push the child. a maximum height. back towards the ground.
their body.

A FIGURE 31.4  An energy flow diagram for a parent pushing a child on a swing
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Figure 3.1.5 shows a simple energy flow diagram for the transformations of energy in the
production of electricity in a hydroelectric power plant.

Waste heat energy

Light energy
Gravitational Kinetic Kinetic Electrical
potential ——> energy —> energy ——> Heat energy
) energy
energy (water) (turbine)

Sound energy

A FIGURE 31.5 In a hydroelectric power plant, the gravitational potential energy of water stored at
height is transformed into kinetic energy and then electrical energy.

e LEARNING CHECK

1 Copy and complete the following table. For each example, identify the type of energy
input and output and then classify whether this is an example of an energy transfer or
an energy transformation. The first example has been done for you.

Situation ! Energy input type I Energy output Transfer or
type transformation?
Burning wood in a campfire  Chemical potential Thermal and light Transformation
energy (in wood) energy (flames)

Riding a seesaw

Watching television

Hitting a golf ball

Doing a bomb dive in a pool
Heating a pie in an oven

Sling-shotting a rock

Boiling water on a stove

2 Distinguish between an energy transfer and an energy transformation.
3 Construct an energy flow diagram for using an electric stove to fry an egg.

4 As a car brakes to a stop, it starts with a maximum amount of kinetic energy and ends
with none. Considering the law of conservation of energy, explain how this happens and
the energy transformations and transfers that take place.
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@ Visualising energy transformations

BY THE END OF THIS
MODULE, YOU WILL

BE ABLE TO:

19}
o‘:

Interactive resource
Label: Sankey diagrams

A FIGURE 3.21
blows hot air.

useful output energy
the output energy of a
process or action that is
intended and useful

waste output energy
the output energy of a
process or an action
that is not intended and
not useful for the main
purpose of the process
or action

v construct and interpret Sankey diagrams to model different energy transfers

and transformations.

GET THINKING

This module shows you how to use diagrams to visualise and understand energy
transformations. What are some other examples of where diagrams can be helpful

for understanding?

A hairdryer produces waste sound energy when it

Useful and waste energy

We use energy transfers and transformations to

make things happen. When an energy transfer or
transformation is intentional, it produces the type
of energy you need or want. For example, when
you throw a ball, you want the ball to have kinetic
energy when you release it. This energy is referred
to as useful output energy. The useful output energy
for a light bulb is light and the useful output energy
for a radiator is heat. In all energy transfers and
transformations, there are also some unwanted
energy transfers and transformations that cannot
be avoided. The energy produced by these is known
as waste output energy. This waste energy is often
heat, such as a light bulb getting warm, or sound,

such as a hairdryer producing noise (Figure 3.2.1).

Some other examples of useful and waste energy are given in Table 3.2.1.

v TABLE 3.21 Some examples of useful and waste energy in different situations

Process

Throwing a ball

Using a light bulb

Boiling water in a kettle

Watching television

Wind turbine

Input energy

Chemical potential
energy

Useful output energy

Kinetic energy

Waste output energy

Thermal energy of
thrower and air; sound
of ball moving

Electrical energy

Light energy

Thermal energy
of warm bulb

Electrical energy

Thermal energy of water

Thermal energy
of steam

Electrical energy

Light and sound energy

Thermal energy
of television

Kinetic energy of wind

Kinetic energy of turbine

Thermal energy of air;
sound of moving blades
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Sankey diagrams

A Sankey diagram is an energy flow diagram that:

¢ shows measurements of more than one output energy during an energy transfer
or transformation

e identifies each output energy as useful or waste

® quantifies energy amounts and shows proportions of energy that flow in
different directions.

Sankey diagrams show flows of energy as arrows, where the thickness of the arrow
indicates how much energy there is. When energy is transferred or transformed, the
arrow splits into multiple arrows. Useful energy transfers and transformations are shown
as arrows going left to right. Waste energy flows are directed downwards. Different
energy types are sometimes shown in different colours.

To satisfy the law of conservation of energy, the total thickness of output arrows must
always add up to the total thickness of the input arrows.

Figure 3.2.2 shows a Sankey diagram for a light bulb. The input energy is shown as 200J
of electrical energy. Because light is the useful output energy, the transformation with
light as an output is represented horizontally. Thermal energy is a waste energy output of
this energy transformation and so is drawn pointing downwards. The useful light energy
is 1507J, which is three-quarters or 75 per cent of the input energy. Therefore, the light
energy arrow is three-quarters the size of the input electrical energy arrow. The waste
thermal output energy is 50J, which is one-quarter or 25 per cent of the input energy.
Therefore, the downwards arrow is one-quarter of the size of the input energy arrow.

Electrical
energy 200J

Light energy 150J

Thermal energy 50J

A FIGURE 3.2.2 A Sankey diagram for a compact fluorescent lamp (CFL) that uses 200 J of
electrical energy

Sankey diagram

a type of flow chart

that uses arrows

of various sizes to
indicate the amount of
energy transferring or
transforming in a system

«l
o‘:

Extra science investigation
Transferring and
transforming energy

Other resources
Worksheets:
Energy transformations

Energy flow in devices

Analysing an energy system
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If you watch a bouncing ball, you’ll notice the height of the ball’s bounce decreases with
each bounce, as shown in Figure 3.2.3. This occurs because, with each bounce sequence,
energy is transferred and energy is transformed and, therefore, waste energy is produced.

A FIGURE 3.2.3  The height of a ball’s bounce becomes lower with each bounce as energy is
transferred and transformed.

A Sankey diagram for a ball bouncing is shown in Figure 3.2.4. This diagram shows
multiple energy transfers and transformations in the process rather than a single one.
The different types of energy (potential, kinetic, elastic and thermal energy) are shown
in different colours. The waste energy is again represented by downwards arrows.

Kinetic energy Kme(trli(;i?\m)argy
(falling) g

Thermal energy  Thermal energy ~ Thermal energy Thermal energy

(collisions with (as ballis (as ball returns (collisions with
air particles as compressed) to normal shape) air particles as
ball falls) ball rises)

A FIGURE 3.2.4 A Sankey diagram for a ball bouncing

You’ll see that the thickness of the arrows decreases from left to right. The decrease in
the ball’s energy, which we observe in the decreased height of each bounce, is visually
represented by the reduction in the width of the arrows.
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@ LEARNING CHECK

1 Identify the useful output energy and a possible waste output energy for a:
a washing machine.
b toaster.
c blender.

A FIGURE 3.2.5 (a) A front-loading washing machine, (b) a toaster and (c) a jug-style
benchtop blender — each have useful output energy and waste output energy.

2 Construct a Sankey diagram to show the energy transformation for a kettle that uses
80 kJ and produces 60 kJ of thermal energy.

3 A hairdryer converts 600 J of energy into 300 J of kinetic energy, 200 J of thermal
energy and 100 J of sound energy.

a Identify which type of energy is the wasted energy.

b Construct a Sankey diagram to represent the energy transformations.
4 For the Sankey diagram in Figure 3.2.6, identify the:

a amount of waste energy.

b amount of useful output energy.

c useful output energy as a fraction of the total energy input.

40kJ
70kJ

30kJ

A FIGURE 3.2.6 A Sankey diagram
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BY THEEND OF THIS . . -
MODULE, YOU WILL ggf?ne the concept of energy efficiency and calculate energy efficiency for
BE ABLE TO: ifferent processes

v use examples to explain why it is important to calculate energy efficiency.

GET THINKING

What does the term ‘efficiency’ mean to you? How do you think it might be relevant to
ideas about energy and energy transformations? Write down some ideas before you start
this module.

Energy efficiency

energy efficiency Energy efficiency is a measure of how much input energy is converted into useful energy.
a measure of how much . . . . .

input energy is converted Processes that are highly efficient convert a large amount of input energy into useful

to useful output energy, output energy and have small amounts of waste energy. Low-efficiency devices or

often stated as

a percentage processes produce a lot of waste energy.

Energy efficiency is usually measured as a percentage and is found by calculating the
percentage of the input energy that is converted into useful output energy:

«l
- useful output ener:
s Efficiency = - P & % 100%
total input energy
Video activity
Energy efficiency
ratings

Interactive resource HOW to CalCUIate energy effiCienCy
Drag and drop:

Calculating The following worked examples show how to calculate the energy efficiency of a light
enerey efficiency bulb (Worked example 3.3.1) and an electric stovetop (Worked example 3.3.2).

Extra science
investigation

Energy efficiency WORKED EXAMPLE 3.31

Calculate the energy efficiency of a light bulb that has a total input energy of 200 J and a
useful output energy of 20 J.

Champiofoto/Shutterstock.com

4 FIGURE 3.31  Alight
bulb transforms electrical

energy to light energy. [>
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THINKING PROCESS

Step 1: Identify the known and unknown variables.

Step 2: Identify the appropriate relationship.

Step 3: Substitute known values.

Step 4: Rearrange, using algebra if necessary,
and solve.

Total input energy = 200 J
Useful output energy = 20 J

Efficiency = ?

useful output energy

Efficiency = x 100%

total input energy
Efficiency = ﬂ x 100%
200
Efficiency = 10%
The light bulb is 10% energy efficient.

WORKED EXAMPLE 3.3.2

When preparing dinner, Charlie heats up a frying pan on an electric stove, which uses 800 J
of electrical energy. Calculate the efficiency of heating the pan on the stove if:

« 400 J of thermal energy is absorbed by the pan

* 100 J of sound energy is produced

+ 300 J of thermal energy is lost to the air and other parts of the stove top.

THINKING PROCESS

New Africa/Shutterstock.com

4 FIGURE 3.3.2  Electric
stoves transform electrical
energy to thermal energy
to cook food.

Step 1: Identify the known and unknown variables.

Step 2: Identify the appropriate relationship.

Step 3: Substitute known values.

Total input energy = 800 J
Useful output energy = 400 J
Efficiency = ?

useful output energy

Efficiency = x 100%

total input energy

Efficiency = ﬂ x 100%

800
Step 4: Rearrange, using algebra if necessary, Efficiency = 50%
and solve. The stove to pan heating process is only
50% energy efficient.
9780170491785
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Calculating useful output and waste energy

If the energy efficiency of a device or process is given with the total input energy, you
can calculate the useful output energy and waste output energy (Worked example 3.3.3)
from the following equations:

efficiency X total input energy
100

Total input energy = useful output energy + waste output energy

Useful output energy =

WORKED EXAMPLE 3.3.3

A kettle in the school staff room uses 70 kJ of electrical energy and is only 80 per cent
efficient. Calculate how much waste energy is produced by the kettle.

To calculate this, we need to break this example down into two parts.

PART A: CALCULATE THE USEFUL OUTPUT ENERGY

Step 1: Identify the known and Total input energy = 70 kJ = 70 kd x 22~ _ 70000 J
unknown variables. 1kJ

Efficiency =80%
Useful output energy =?

Step.2: Idgntlfy the appropriate Useful output energy = efficiency x total input energy
relationship. 100

Step 3: Substitute known values. 80 x 70 000
Useful output energy = ————
100

Step 4: Rearrange, using algebra if

necessary, and|solve. Useful output energy = 56 000 J

PART B: CALCULATE THE WASTE OUTPUT ENERGY

Step 1: Identify the known and Useful output energy = 56 000 J
unknown variables. Total input energy = 70 000 J

Waste output energy =?

Step 2: Identify the appropriate Total input energy = useful output energy + waste
relationship. output energy
Step 3: Substitute known values. 70000 = 56 000 + waste output energy

Step 4: Rearrange, using algebra if Waste output energy =70 000 — 56 000

AESHET, EI7 ST Waste output energy = 14 000 J x T
1000 J

=14kJ

There is 14 kJ of waste energy.
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Comparing efficiency

Incandescent light bulbs used to be the most common types of light bulbs, but have been
mostly phased out because of their low energy efficiency. Compact fluorescent lights
(CFLs) and light-emitting diodes (LEDs) are now common. They have higher efficiency,
which means they use less electricity to produce the same amount of light (Figure 3.3.3).
People choose more efficient light bulbs to save electricity, to save money and for
environmental reasons such as reducing carbon emissions.

f/\
ey {k: \
\é \'.. '

A FIGURE 3.3.3  Different types of light bulbs have different energy efficiencies. (a) An incandescent light bulb is 10-20 per cent
energy efficient. (b) A compact fluorescent light bulb is 70-85 per cent energy efficient. (c) A light-emitting diode is
80-90 per cent energy efficient.

The Australian Energy Rating Label scheme allows people to compare the energy
efficiencies of different appliances. You will learn more about this scheme in Chapter 4.

@ LEARNING CHECK

1 Calculate the efficiency of a torch that converts 100 J of electrical energy and produces 40 J of waste
thermal energy.

2 During an all-day movie marathon, a remote control uses 1500 J of electrical energy from the batteries and is
only 40 per cent efficient. Calculate the:

a useful output energy.
b waste output energy.

3 Look at the three types of heater below. Imagine you have to analyse the energy efficiency of each. What
information would you need? Explain why it is important to be able to calculate energy efficiency.

I

Electric oil column heater  Infrared heater Electric fan heater
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» identifying and reducing the effect of different types of measurement errors

» measuring bounce height and efficiency.

Random and systematic errors

We can categorise the errors we make in science
investigations into two broad categories: random errors
and systematic errors. Random errors are usually small
errors, caused by slight variations in an instrument or the
environment, that do not produce the same error every
time. Like the name suggests, random errors are usually
due to chance.

Systematic errors are often due to something going
wrong in the procedure. Systematic errors can be easy to
spot because the errors occur in a predictable way.
When we take measurements, we can accidentally
introduce both these types of errors into our data
collection processes.

Examples of measurement errors include:

» random: fluctuations in air temperature, air pressure
and humidity affecting the elasticity of a rubber band;
an error in reading the volume of liquid in a measuring
cylinder; or a small crack in the ground affecting the height
of a ball's bounce

» systematic: a calibration error in an electronic
balance; hot weather the temperature of experimental

MEASURING THE EFFICIENCY
OF A BALL'S BOUNCE

To measure and compare the efficiency of a ball bounce
for two balls made of different materials

™ 2 different balls that will bounce (e.g. ping pong ball,
tennis ball, bouncy ball)
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equipment to rise; incorrectly rounding down or up of a
measurement; or a small amount of a substance left on
the electronic scales while samples are weighed.

We can reduce the effect of random errors in our datasets
by conducting multiple trials in our investigations and
increasing the size of our datasets. We can reduce the
possibility of systematic errors by ensuring we follow

the procedure consistently, using calibrated instruments,
evaluating the procedure and sharing our data with others
to get feedback on possible errors.

«l
&
4‘.

Video
Science skills
in a minute:
Measurement errors

Science skills
resource
Science skills
in practice:
Measurement errors

& metre ruler

™ putty-like adhesive

™ video recording device

M electronic scales

1 List all the possible sources of random and systematic

errors that could occur in this investigation.

2 Hold a metre ruler against a flat wall so that it
measures from the ground up.
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Secure the ruler in place with the adhesive. Alternatively,
you can hold the ruler in place against the wall.

Weigh each ball on the electronic scales and record
their masses.

Hold the first ball so that the bottom of the ball is at
the 1.0 m mark.

Do a test bounce to confirm approximately where the
ball will bounce to when dropped from this height.

Set up the video recording device so that it will record
the area level with where the ball will bounce up to.

Hold the ball again so that the bottom of the ball is
at the 1.0 m mark.

Start recording and drop the ball. Allow it to bounce
once before stopping it and the recording.

10 Use the recording to measure the highest point
reached by the bottom of the ball.

11 Record this height as the bounce height for the 1.0 m
drop height.

12 Repeat steps 8-11 for two more trials.

13 Calculate an average bounce height for the 1.0 m
drop height.

14 Repeat steps 6-12 for drop heights of 0.8 m, 0.6 m,
0.4mand0.2m.

15 Repeat steps 4-14 for the other ball.

34

Record your results in a table like Table 3.4.1.

1

Use your table to calculate the input energy for each
drop height, using the formula:

EPdrop = mghdrop

where Epgyqp, is the gravitational potential energy at
the drop height (J), m is the mass of the ball (kg),
g is the gravitational acceleration value of 9.8 m/s?,
and hgop, is the drop height of the ball (m).
For example, for a ball that weighs 0.250 kg and a
drop height of 0.8 m:
hgrop=0.8 M
g=9.8m/s?
m=0.25kg
EPdrop= mghdrop

=0.25%x9.8x0.8

=1.96J

TABLE 3.41 Experimental results for the bounce height of each ball at different drop heights

Ball type Mass Drop height
(kg) (m)

Trial 1

1.0
0.8
0.6
0.4
0.2
1.0
0.8
0.6
0.4
0.2

9780170491785

Bounce height (m)

Trial 2 Trial 3 Average
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TABLE 3.4.2 Processed data table for ball bounce efficiency

Ball type Drop height (m) Input energy (J) Useful output energy (J) Efficiency (%)

1.0
0.8
0.6
0.4

0.2

1.0
0.8
0.6
0.4

0.2

Calculate the useful output energy for each drop
height using the formula:

Epbounce = mghbounce

where Eppounce IS the gravitational potential energy at
the bounce height (J), m is the mass of the ball (kg),
g is the gravitational acceleration value of 9.8 m/s?,
and hpoynce is the bounce height of the ball (m).

Calculate the efficiency of the ball bounce for each
drop height and record this in Table 3.4.2.

Calculate the average efficiency of a ball bounce for
each type of ball and record this in Table 3.4.2.

Construct a scatter graph of bounce height (m)
(y-axis) versus drop height (m) (x-axis) for both balls.
Include both sets of data on the one plot and include
a legend to identify the different balls.

Construct a column graph to compare the average
efficiency of the balls.

Science in Focus | Stage 5 NSW

Average

Average

Identify the trend shown in the scatter plot from step 1.
Compare the average bounce efficiencies of the balls.

Discuss the variability of the trials used to calculate
the average bounce height.

6 Explain how random measurement errors may have
affected the data recorded.

7 Consider the list of possible errors you created at the
start of the procedure. Identify other experimental
errors (random and systematic) from this experiment
and describe how they may have affected the
data collected.

8 Suggest two ways in which this experiment could
be improved.

Draw a conclusion that directly responds to the aim of
the experiment.
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BY THE END OF THIS

MODULE, YOU WILL thi
BE ABLE TO: IS occurs.

GET THINKING

Think about one meal that you know how to make. From start to finish, identify all the waste
materials or energy that might be produced during the process of making your meal. Are
there any ways you could avoid producing this waste?

Friction and waste energy

When a ball rolls to a stop along the ground, it can seem as though the kinetic energy

is leaving the ball and disappearing. However, the law of conservation of energy says
that this is not the case. During many energy transfers or transformations, thermal
energy can be produced as waste output energy. This is due to the interactions between
particles. As the ball rolls, the interaction between the ball’s surface and the ground
makes particles vibrate, which increases their temperature and produces thermal energy
(Figure 3.5.1). This production of thermal energy is often referred to as frictional heat
loss because the force of friction is being overcome when particles rub past each other.

Thermal energy
Surface 1 (ball)

Movement @ .’)‘,&,
'@
OO

Surface 2 (ground)
Thermal energy

A FIGURE 3.51 Thermal energy is produced when particles on the ball’s surface and the ground rub
against each other and vibrate.

Another example of this is when you rub your hands together. The kinetic energy

from the movement of your hands is transformed to thermal energy as the particles in
your skin vibrate when rubbed together. Consider the diver shown in Figure 3.5.2. The
energy transformation from gravitational potential energy to kinetic energy includes
some thermal energy as the air particles vibrate when the diver moves through the air.
Thermal energy is produced as the diver and air particles vibrate against one another.
We often hear this described as ‘air resistance’. This means that the diver isn’t going quite
as fast when they hit the water as they might have been if there were no frictional heat
losses along the way.

Adapted from Jeff Cruzan/xaktly.com

v recognise thermal energy as a common form of waste energy and give examples of how

frictional heat loss
waste thermal energy
produced as a result of
the vibration of particles
when moving past each
other in a process where
thermal energy production
is not intended or useful

friction

a resistance force that
results when two surfaces
rub against one another
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Height Gravitati?nal Kinetic Thermal
= potential energy of energy
energy (J) diver (J) released (J)
— 10.0 7000
— 7.5 5250 1740 10
— 50 3500 3480 20
— 25 1750 5220 30
— 0 0 6960 40

A FIGURE 3.5.2  Adiver loses gravitational potential energy and gains kinetic energy while producing some thermal energy
as waste.

When meteors or other objects enter the atmosphere, they travel so fast through the
air particles that the frictional heat losses produced can be so great that they burst
into flames. Often, they burn up completely before they hit the ground. We see this
happening as shooting stars in the night sky (Figure 3.5.3).

S -t

A FIGURE 3.5.3 Fast-moving meteors burn up in Earth’s atmosphere and appear as shooting stars.

Many electrical devices or appliances produce thermal energy that we don’t need or use
when transforming electrical energy into other forms such as light, sound and kinetic
energy (Figure 3.5.4). This is why light bulbs, speakers, chargers, televisions, mobile
phones and other devices often get warm.
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Light energy

Electrical energy SedancEy

4 FIGURE 3.5.4 A television
Thermal converts electrical energy to sound
energy and light energy with some waste
thermal energy produced.

When the purpose of an energy transformation is to produce thermal energy, sometimes
thermal energy can still be considered a waste output energy when it is transferred to
other objects or particles. For example, boiling water on the stove involves losing thermal
energy to the stovetop, the pot and the air surrounding the pot (Figure 3.5.5). Not all
input electrical energy is being transformed into the thermal energy of the water.

Waste
thermal
energy
Useful output
thermal

Input energy energy
(ELED)

Waste output

thermal energy

(stovetop, pot,
air, steam)

A FIGURE 3.5.5 There is waste thermal energy produced when boiling water in a pot.

Thermal energy losses in electricity generation

Electricity generation in a power station involves the following steps (Figure 3.5.6).

1 Chemical potential energy (usually coal) is converted to thermal energy during a
chemical reaction (combustion).

2 Thermal energy heats water to steam. The steam contains both thermal energy and
kinetic energy.

3 Kinetic energy of steam is transferred to kinetic energy of a turbine, which then spins.

4 The spinning turbine produces electrical energy (electricity), using a generator.
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Energy transformation

Energy transfer
—
Energy of fuel Thermal energy Kinetic energy Kinetic energy Electrical
(chemical, nuclear) > (water/steam) > (steam) > (turbine) > energy

A FIGURE 3.5.6 The energy flow diagram for most electricity generation processes

During the energy transfers and transformations between the fuel and the kinetic energy
of the turbine, there are many waste energy losses, including:
® thermal energy to the heating of components of power station

® thermal energy in steam that escapes or leaves the system after passing the turbine
(Figure 3.5.7)

® thermal energy in other exhaust gases that are produced during the reactions of the fuel

® sound energy produced during the movement of mechanical parts

® thermal energy of moving parts due to friction.

A FIGURE 3.5.7 A lot of thermal energy is lost in electricity production when hot steam is released to the atmosphere.

There is a lot of waste energy when using a fuel to produce electricity. As a result, power
generation facilities (power plants) use specially designed processes and equipment to
reduce energy losses and increase efficiency.

@ LEARNING CHECK

1 Research the processes for electricity generation by hydroelectric, coal-fired and nuclear
power stations. Construct simple energy flow diagrams for these processes.

2 Identify three examples or situations where frictional heat losses occur.
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BY THE END OF THIS
MODULE, YOU WILL
BE ABLE TO:

v describe the different forms of waste energy

v explain how energy efficiency can be increased and give examples of ways waste energy
can be used for other purposes.

GET THINKING -

b
PR 4
Look around your school or home. Can you see any objects, materials or technologies that 1Yy

have been designed to reduce waste energy? . .
Video activity

Improving energy
efficiency at home

Other types of waste energy

In Module 3.5, we looked at thermal waste energy. There are also other types of waste energy.

Sound waste energy

Sound energy is a common form of waste energy. There are many energy transformations
that are noisy because sound, which is produced by moving parts and vibrations, is
released into the air. Some common examples are:

¢ sound made by vehicles when travelling (engine noises, tyres on the road)

® sound produced by the moving parts of machinery
Visible light

® sound made by a food blender. radiation energy

Highways often have large noise barriers that absorb sound or reflect

it back to the road. r:(\i/iz-!\lt?gr: o B
Electromagnetic radiation waste energy energy 4 Y TS Infrared
When light is the intended output of an energy transformation, such , - raed,:::g/n
as within a light bulb, torch or flame, there are usually other forms ?
of electromagnetic radiation produced. For example, a light bulb can

A FIGURE 3.61  Waste energy from

also produce small amounts of ultraviolet (UV) radiation and heat as

. L . light globes may include other types of
infrared radiation (Figure 3.6.1).

electromagnetic radiation.

Increasing energy efficiency

There are three common ways to increase the
efficiency of an energy transfer or transformation
(Figure 3.6.2).

® Redesign the energy transfer or useful output energy

Total input Useful output  Efficiency = - x 100%
transformation process with new energy energy total input energy
technologies that have higher conversions
of input energy to useful output energy,
such as the development of LED light bulbs. Was::e(r’;;l)”t

® Reduce the unwanted energy transfers

A FIGURE 3.6.2 The energy efficiency of a process can be increased
at different stages of the process: by redesigning the process to
increase the energy conversion, by reducing waste, and by reusing the
waste output energy.

so that less total input energy is required;
for example, add insulation to a building
(Figure 3.6.3).
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insulation

material used to minimise

heat transfer

cogeneration

the process of using
waste thermal energy
in power generation for

® Reuse the waste output energy; for example, convert the kinetic energy of steam

another purpose

leaving a kettle to sound energy that indicates the water is boiled.

Redesigning energy transfer and transformation processes often takes a long time and
requires large amounts of funding. Reducing and reusing waste energy are generally
more practical and affordable ways to increase energy efficiency.

Reducing thermal waste energy

as the hot steam escapes.

done by:

In a power plant, water is heated and the resulting steam moves fast
enough to turn a turbine. As the turbine spins, equipment becomes very
hot. Heat transfers to the surrounding air and a lot of thermal energy is lost

Minimising heat transfer can reduce the thermal energy losses. This can be

® insulating with materials that reduce heat conduction to equipment or air

A FIGURE3.6.3 Insulationinthewalls e minimising the surface area of containers from which heat loss may occur

of buildings reduces the transfer of
heat in and out of rooms.

from fuel

Energy

Electrical energy
Energy - for consumers
from fuel Energy for heating
Cogeneration

power plant Waste
thermal

energy

® lining containers with reflective surfaces to reduce radiative heat loss.

Houses have insulation inside walls, and coverings and double-glazing on windows to
reduce heat gain and loss. This increases the efficiency of cooling and heating systems,

saving energy and money, and reducing emissions.

Electrical energy
||I for consumers

Fossil fuel Waste
power plant thermal
energy

A FIGURE 3.6.4 Cogeneration can increase efficiency and reduce fuel consumption by
turning waste thermal energy into useful energy.

106

@ LEARNING CHECK

Reusing thermal
waste energy

Some power stations reuse waste
thermal energy. Cogeneration
or combined heat and power
generation is the process of
using the waste thermal energy
for another purpose. Typically,
waste steam is redirected to
heat nearby buildings or is used
by factories in other industrial
processes (Figure 3.6.4).
Therefore, this process saves
energy because less thermal
energy is wasted.

1 Consider an electricity production process that supplies 300 MJ of electrical energy and

wastes 1000 MJ of thermal energy.
a Calculate the energy efficiency of the process.

b If 800 MJ of thermal waste energy could be reused and classified as useful output
energy during cogeneration, calculate the new energy efficiency of the process.

2 Justify why a coal plant fitted with a cogeneration system might be a more

environmentally friendly choice than one without.

Science in Focus | Stage 5 NSW
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» identifying strengths and limitations of primary and secondary evidence and their sources

» defining reliability and validity

» evaluating the reliability and validity of primary and secondary evidence

» drawing conclusions from evidence based on interpretation and evaluation.

Reliability and validity of secondary evidence

Research or evidence that you use or collect from other
researchers is known as secondary evidence. This is
because someone other than you has conducted the
experiment, observation or research. When you use
secondary evidence, it is important to think about the
reliability and validity of the evidence and its source.

Reliability is the extent to which the evidence can be
trusted or considered reliable for use. Reliability is usually
based on where the evidence has come from or the
method used to collect it. For example, scientific evidence
published in a prestigious journal is likely to be more
reliable than the observations from Bob next door!

The validity of the evidence judges how well the evidence
answers the specific research question or aim. For
example, if a researcher wants to know how plastic
pollution is affecting the health of polar bears, but only
collects data about penguins, any conclusion they make
about their research wouldn't be considered valid. This is
because their data does not directly show the relationship
between plastic pollution and polar bears.

Some attributes of sources and evidence that can
support and question reliability and validity are outlined
in Table 3.7.1.

Evaluating the reliability and validity of the evidence and
the source will help you decide whether the conclusions
drawn from the evidence are appropriate or not. If you
identify limitations with secondary evidence, you may still
be able to use it, but you should consider the limitations
and discuss them when drawing your own conclusions
based on the research or information.

9780170491785

TABLE 371 Strengths and limitations of different
secondary evidence and sources

Strengths

Secondary evidence has

strong reliability if it is:
written by a reputable
university or
government department

supported or backed up
by the research of other
academics or leaders in
the field

recent, up-to-date research.

Secondary evidence has
strong validity if the:

data or ideas are clear
and directly related to the
research question or aim

methods for research
and data collection

are clear and
scientifically appropriate.

Limitations

Secondary evidence has
limited reliability if it:

is written by a corporate or
commercial organisation
that may have financial

or political reasons for
publishing it

has an anonymous author

is out of date or not the
most recent research in
the field.

Secondary evidence has
limited validity if:

its ideas are only vaguely
connected to the
research topic

the methods of data
collection are unclear.

Science skills
in a minute:

Evaluating

secondary evidence

Science skills

resource

Science skills in
practice: Evaluating
secondary evidence
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3.7

EVALUATING EVIDENCE TO CHOOSE AN ENERGY-EFFICIENT LIGHTING SOLUTION

To choose the best type of light bulb for lighting a
bedroom based on critical evaluation of available
research and evidence

Evidence has been collected from a variety of sources.
Four pieces of evidence are presented in Table 3.7.2 in

the results section.

TABLE 3.7.2 Different types of evidence about different light bulbs and their efficiency

Evidence

Quote

Quantitative
data

Graph

‘When | switched all the bulbs in our house to

halogen bulbs, we saved a lot on our electricity bill,
and in terms of light in the house—no difference!

Light bulb

LED
CFL

Halogen

Incandescent

Power required for
500 lumens of light
(W)

5-8
7-9
28
40

Cost over 25000 hours (estimated)
includes purchase price + energy costs

$500
$450 @
$400 ‘& -
§350 50 (B8
- -
$300 ‘@ - -
$250 1% - 225
$200 lu - : e $185
§150 | ® - p $125
$100 'u - y <
$50 j - : Y B
$ a a - il Sl
75W 52w 36W 15W 18W
incandescent halogen fluorescent LED CFL
Quantitative
d t HOME | ABOUT | SERVICES | CONTACT
ata
Audssie
Hardware
L < A _
{ Australia’s leading
- retailer for your
home and lifestyle
108 Science in Focus | Stage 5 NSW

Source

Mark, your
friend’s dad

Australian
Government
website

Aussie
Hardware
company
website

Information about the source

Mark is an engineer.
Mark is a very nice man.

Mark is a close friend and always
gives good advice.

The initiative is led by the
Australian Government, state

and territory governments, and the
New Zealand Government.

It is managed by the Greenhouse
Energy Minimum Standards Regulator
and the Energy Efficiency Advisory
Team made up of government officials.
These officials undertake activities

to improve the energy efficiency of
appliances and equipment, including
energy rating labelling, setting
minimum energy performance
standards, and education and

training programs.

Aussie Hardware is a leading Australian
retailer of home and lifestyle products.

The company also owns other
commercial brands and companies.

Digital branding for the company
includes online posts for advice,
inspiration and product reviews.

9780170491785



1 Analyse the pieces of evidence separately to identify
what each piece can tell us about the best choice for
an energy-efficient light bulb.

2 Construct a table such as Table 3.7.3 to identify
strengths and limitations associated with each
piece of evidence.

TABLE 373

Evidence Strengths Limitations

9780170491785

3.7

3 Rank each piece of evidence in order of least to
most reliable. Justify your choice using the
information in Table 3.7.1.

4 Rank each piece of evidence in order of least to
most valid. Justify your choice using information
in Table 3.7.1.

Draw a conclusion about which type of light bulb you
would choose to use in your bedroom to save energy.
Justify your choice by referring to your responses in
the analysis and evaluation section.
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ABORIGINAL &
TORRES STRAIT
ISLANDER

Heat transfer and conservation SCIENCE

CONTEXTS

in clothing and bedding

::‘OLH\:‘;Q‘"T?DULE’ v investigate the materials used by Aboriginal Peoples to manufacture clothing and bedding

to suit climactic conditions.

Clothing worn by Aboriginal Peoples
in cold climates

Many parts of Australia get cold, especially alpine areas,
Tasmania and southern parts of mainland Australia. Clothing
prevents heat loss from the body. Aboriginal Peoples have

long made cloaks from animal furs to control heat loss. In

cool climates, clothing was made from the furs of a variety of
animals, including wallabies, kangaroos, possums, platypuses
and quolls (Figure 3.8.1). The furs are traditionally worn with
the fur next to the body, trapping a layer of air as thermal
insulation. The Noongar Peoples (south Western Australia)
have long manufactured kangaroo skin cloaks called buka that
traditionally were worn with the fur facing inwards for warmth.
Sometimes, furs were rubbed with animal fat to provide a
further layer of insulation and waterproofing.

© Joe Sambono

AFIGURE3.81 A contérﬁporary possum skin Possum skin cloaks are a culturally important item of clothing,

cloak from south-western Victoria often showing designs that depict connections to Country,
kinships, family groups or significant stories. Possum fur is
highly unusual because the fibres have a hollow structure. This
traps air within the fibre to provide insulation (Figure 3.8.2).
Although a possum pelt is smaller than that of many other
native mammals such as kangaroos, possum skin provides
superior insulation from cold.

© Joe Sambono

Many Aboriginal and Torres Strait Islander Peoples of Australia
express their cultural identity through continuing important
cultural practices. For example, some Aboriginal Peoples
continue to manufacture possum skin cloaks. The Gunditjmara
and Yorta Yorta Peoples of Victoria are renowned for the quality
of their contemporary cloaks.

Bedding made by
Aboriginal Peoples

Mattresses and pillows were manufactured from a variety
of natural materials. The Bundjulung Peoples (northern

A FIGURE 3.8.2 Possum fur fibres are

hollow, which means they trap a layer of air, New South Wales) used dried grasses to fill mattresses.
making the fur an excellent insulator.
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The Ngarrindjeri Peoples (South Australia) used dried
seaweed to make mattresses. The Dyirbal Peoples
(northern Queensland) manufactured blankets from
sheets of bark from the banana fig. The fibre from

the seeds of native kapok trees (Figure 3.8.3) was
widely used as stuffing for pillows. On the Cape York
Peninsula, the pods of the large-leaved mangrove were
used to provide a soft bedding material. The filling in
mattresses, pillows and blankets provides comfort and
insulates against weather conditions.

A FIGURE 3.8.3  Fibre from the seeds of the native kapok
tree is used for stuffing for pillows.

The efficiency of materials in preventing heat loss
Materials and equipment

3 small bottles or jars

hot water

3 thermometers

insulating materials — natural materials such as feathers, wool, fabric, cottonwool,
tissues, newspaper or other material you have chosen

3 plastic containers/tubs

measuring cylinder

Jug

Procedure

o G A WN =

N

Place a bottle or jar in a plastic container.

Fill the surrounding space with one type of insulation material.

Repeat steps 1 and 2 for the second insulation material.

Place the third bottle or jar in the third container but do not add insulating material.
Measure 100 mL of hot water and add it to the first bottle.

Immediately record the temperature of the water in the bottle and leave the thermometer
in the bottle or jar.

Repeat steps 5 and 6 for the other two bottles/jars.
Observe the thermometers until one bottle/jar reaches room temperature.

When one bottle/jar reaches room temperature, observe and record the temperatures in
all bottles/jars.

Analysis

1
2
3

9780170491785

What do your results show?
Which material provided the best thermal insulation?

Did you conduct a fair test? For example, how did you control the amount of material you
used for insulation?

How does this model Aboriginal and Torres Strait Islander Peoples’ knowledge and
selection of materials for insulation?

@« ACTIVITY
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SCIENCE
IN CONTEXT

@ Energy-efficient houses

BY THE END OF v ; ; : : -
THIS MODULE, YOU describe some of the ways houses are designed and built to improve energy efficiency.

WILL BE ABLE TO:

2% In this chapter, you have learned about waste energy and energy efficiency. These topics
g are vital for designing and building houses that are energy efficient, comfortable and
Weblink cheaper to heat, cool and maintain. In Australia, new houses and buildings are given
Enzigggt'ieg gglﬁ:ne energy ratings out of 7 stars.

Other resource

iy o ENErgYy-efficient designs

a sustainable house

Architects and building designers look at many factors when they design energy-efficient
houses (Figure 3.9.1), including:

® the Sun’s path and the climate at different times of the year

® orientation of the house and windows, including eaves

® jnclusion of features that allow the
control of air movement to reduce

/ﬁ\ Roof ey Air filtration and ¥ Solar panels
insulation ventilation 2 i i
unwanted drafts or increase air
e flow/ventilation

m H'gfh @& Wal . .

- a?n(f;w:"“ e tian e use of energy-efficient appliances
and solar hot-water and solar
power panels.

Low-flow
water i
) e Materials and
landscaping
23] Induction
— cooktop The choice of materials and landscape
y Heat ; ;
S design can also have important

effects on a house’s energy efficiency.
E Heat pump o
water heater Examples of energy-efficient

Efficient . .
choices include:

@ lighting
Efficient ® using energy-efficient materials,

appliances .
such as double-glazed windows and

heat-reflecting roof materials

A FIGURE 3.91 Some features of an energy-efficient house ® planting suitable trees and bushes.

@ LEARNING CHECK

1 Define the term energy-efficient house.
2 List considerations or materials that improve the energy efficiency of a house.

3 Describe how understanding the position of the Sun and the local climate over the year
can affect the design of an energy-efficient house.

4 Research Australia's Nationwide House Energy Rating Scheme. What kind of features
does a building need to achieve a 7-star rating?
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3 REVIEW

(REMEMBERWG ) 9 Explain how a sound barrier next to a freeway is
relevant to wasted energy.

1 Recall the law of conservation of energy. o
10 Calculate the efficiency of a process that has 200 J

2 Recall the formula for calculating energy efficiency. of input energy and 40 J of useful output energy.

3 Describe the process of cogeneration.

11 Ceiling fans convert electrical energy into kinetic
4 Define: energy to move air. Calculate the kinetic energy

a waste energy output. produced per second from a ceiling fan that uses
400 J/s and is 80 per cent efficient.

b useful energy output.
¢ Sankey diagram.

(UNDERSTANDING )

Siraphol/Getty Images

5 Define the following terms and give an example
for each.

a Energy transfer
b Energy transformation

6 Describe the concept of energy efficiency and what
it measures.

7 Explain how output energy is classified as useful
or waste.

(APPLWNG j 12 Calculate how much waste energy is produced by a
fridge that uses 700 000 J of electrical energy and is
only 60 per cent efficient.

8 A ball thrown into the air starts with 450 J of kinetic
energy. If it loses 15 J through frictional heat losses

on its way up, determine how much gravitational 13 Explain why bicycle brakes get hot.

potential energy it has at its maximum height before 14 Compare the advantages and disadvantages of
returning to the ground. possum and kangaroo furs as materials used to
make cloaks.
(ANALYSING )

15 If you walked to the shops, you might need about
200 kJ of chemical energy from your food. If you
drove a car there, the chemical energy from the
petrol needed would be much more. Explain the
difference in terms of useful output energy and
waste output energy.

GaudiLab/Shutterstock.com
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16 The following diagram is a new Zoned Energy [CREA'”NG j
rating system used for air-conditioners. Interpret
the main message from this diagram and identify
one key limitation of the system. Explain why this
limitation exists.

21 Construct energy flow diagrams for two hot water
systems: one that heats water via wind-generated
electricity and one that heats water via
solar-generated electricity.

ENERGY RATING ;,,W‘N',e,,e,-g ing.gov.au 22 Construct a Sankey diagram to scale for the
: bl e : following situation.

# COOLING .. gmam » HEATING

VAT OUTDGORTRPERATING > ool N 3.80 v | A slingshot transforms elastic potential energy
R damarer Supercomort e more stars, the more energy efficient Bowoe. into kinetic energy to send objects flying through

Model: KRCMOO| " ‘w 933 the air. A slingshot holding a small pebble is
. :5_.‘".‘:\" stretched backwards and stores 40 J of elastic
* M?S,.‘ potential energy. The pebble is projected upwards
' ﬁ 305 | when the slingshot is released, transferring 38 J of
kinetic energy into the pebble. During its flight, the
\ 619 conversion of kinetic energy to gravitational potential

KW pr year

v F 205 ‘ energy has 90 per cent efficiency.
Noise (dB(A)) lﬁ lLSfE

17 When a car is moving, it transforms chemical energy
into kinetic energy. A lot of waste heat is produced.
Construct a Sankey diagram to illustrate this. The
Sankey diagram does not need to be to scale because
not enough information has been given to do so.

L
»

iStock.com/Mehmet Hilmi Barcin

[EVALUATING )

18 Explain why energy efficiency is important when
choosing appliances.

19 Consider two power plants: one that has cogeneration
design features and one that does not. Construct a

table to evaluate the advantages and disadvantages :‘o
L 4

of each design. '

20 Compare the energy transformations when using Other resources
. s . Worksheet:
a hairdryer and when hitting a ball with a bat. Energy revision
Use Sankey diagrams to identify similarities and

differences in these two processes.
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In this chapter, you've learned about the law of conservation of energy, energy efficiency, waste
energy and many applications of these ideas. Create a mind map to show how the main ideas
you have learned about are connected.

Identify the waste energy transformations as a Formula 1 racing
vehicle moves along the track. Ensure you are specific about:

» where on the vehicle the transformation happens
+ what form the waste energy has

» where the energy goes in each case.

Imagine you are head of a Formula 1 racing team and have to
test the efficiency of a new design feature. You have access to:

* aracing track

+ a powerful computer to run software that models how air
flows over different car designs (see top image)

+ sophisticated wind-tunnel technology, which also provides
the means to test and visualise a car’s air resistance (see
bottom image).

Using this technology, the movement of air over the surface of
the car can be analysed. Designers use this information to make
cars more aerodynamic by reducing air resistance (friction with
air). Make an action plan for the steps you will need to take to
test your new feature in a cost-effective way.

You are planning to build a commercial wind-tunnel facility
and need to promote it to prospective clients who build trucks,
small planes and cars. Create a poster that would highlight the
reasons why using wind-tunnel testing is an important step in
the design of efficient vehicles.
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Electrical energy

Sources of electricity (p. 118)

Electrical energy production (p. 122)

eeccccce,

Electrical circuits (p. 126)

®ecccccccccccccc®

e® ®0ccccccccce eoe®

e®0ccccccce,

b4

Series and parallel circuits (p. 128)

WORKING SCIENTIFICALLY: Building
electrical circuits (p. 130)

..............}
coee,

Drawing electrical circuit diagrams (p. 133)

®eccccccccccce®

T {..............-

e®00ccccce,

v

Measuring quantities in electrical
circuits (p. 137)

WORKING SCIENTIFICALLY: Measuring with
apparatus (p. 142)

Global energy use and future needs (p. 146)

®eec0cccccccccccce®

.. {...........-

e®000ccoe,

-.........’

SCIENCE IN CONTEXT: Solar energy in Australia (p. 152)
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SCIENCE IN DEPTH

*F

P [

A FIGURE 4.01 A wind turbine
transforms the kinetic energy of
Electrical energy has improved people’s lives all around the world. moving air into electrical energy.

It has made huge improvements possible in health, communication,
personal comfort, transport, leisure and safety. Consider the impact
of streetlights, refrigeration, air-conditioning, computers, power tools,
water pumps and lifts: these are just a small fraction of the ways in
which electrical energy has improved our lives.

The way electricity is generated has changed over time. For example,
solar energy now offers an exciting alternative to power generated
from fossil fuels. However, the use of solar power in Australia is both
an opportunity and a challenge.

@ DIVE INTO SCIENCE!

» Think about the things you have done so far today. In what ways
has electricity been important to each of them?

Imagine your town or city without any electricity. How does
electricity change the way your town or city operates?

How might this widespread use of electricity by individuals,
businesses and governments be bad?

How can renewable energy sources, such as solar and wind
energy, change the way we live?

Assessments Science skills resources

® Prior knowledge quiz ® Science skills in practice: Risk assessments (4.5)

® Chapter review questions ® Extra science investigations: Investigating electrical
® End-of-chapter test circuits (4.7)

® Depth study: Science investigation o
3 L4 £ Interactive and other resources

Videos ® Quiz: Series versus parallel circuits (4.4)
e Science skills in a minute: Risk assessments (4.5) ® Worksheet: Drawing electrical circuits (4.6)
® Video activities: How batteries work (4.1); How we measure

electricity (4.7); Cost of building Australia’s future energy

needs (4.9) @
«l . To access resources above, visit
s Nelson MindTa P cengage.com.au/nelsonmindtap
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

' )
o‘:

Video activity
How batteries work

batteries

devices that transform
chemical energy into
electrical energy

v describe the various types of energy that can be transformed into electrical energy

v explain the three processes involved in the transformations that produce the electricity
we use.

GET THINKING

We will often switch on or plug in an electrical device, such as a phone, without thinking
about where the electricity comes from that makes the device work. What if electricity was
available only some of the time? How would this affect the way you use electrical devices
and appliances?

In Chapter 3, you learned how to use flow charts to represent energy transfers and
transformations. But where does the electrical energy we use in our homes, businesses,
industries and schools come from? Electrical energy can be produced via energy
transformations from any of three types of devices: batteries, (photovoltaic) solar cells
and generators.

Batteries

Batteries are devices that transform chemical potential energy (or chemical energy) into
electrical energy. They do this through chemical reactions that occur within the battery.

Batteries come in a range of shapes and sizes depending on the amount of energy that
needs to be transformed and the type of transformation required (Figure 4.1.1).

A FIGURE 411 (a) Household batteries come in different sizes and shapes; (b) a car battery
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Chemical reactions inside the battery result in a flow of electricity. A battery is designed
to direct this flow of electricity through a component or device where an energy
transformation can occur (Figures 4.1.2 and 4.1.3).

Light
Chemical Electrical Light

B — —_— —_—
attery energy energy bulb
Heat

A FIGURE 441.2  Energy transformations in a torch

Light
Chemical Electrical

energy > energy

Heat

A FIGURE 44.3 A flow chart for chemical energy being transformed into light and heat

Solar cells

Solar cells, or photovoltaic cells, are devices that transform light energy into
electrical energy.

Solar cells can vary in size from those that power small devices, such as calculators and
garden path lamps, to large-scale industrial solar installations that can provide electricity
for a whole town (Figure 4.1.4).

A FIGURE 41.4  (a) A hand-held calculator powered by a solar cell; (b) a large-scale solar array

solar cell

a device that transforms
light energy into
electrical energy

SB2010 studio/Shutterstock.com, Jenson/Shutterstock.com
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silicon

The energy transformation that occurs in a solar cell is caused by the interaction between
two thin layers of slightly different silicon that occurs when light strikes them. This

a common element, results in a flow of electricity, which can be used to power devices (Figure 4.1.5).
used in many electronic

devices; the main

component of solar cells

A FIGURE 41.5 A solar panel transforms light energy into electrical energy.

Generators

generator Generators are devices that transform the kinetic energy of a spinning object (usually a

a device that transforms
kinetic energy into
electrical energy

120

Vlarvixof/Shutterstock.com

turbine) into electrical energy.

Generators can be used in anything from small devices, such as hand-held torches, up to
large-scale industrial generator installations, which can provide electricity to entire cities
(Figure 4.1.6). Large-scale generators are often called power plants.

A FIGURE 41.6  (a) A small, hand-powered generator; (b) a large-scale electrical generator, also known as a power plant
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In a generator, energy transformation occurs when conducting wires (usually made
of copper) move within a magnetic field (Figure 4.1.7). This movement can be caused
by water, air or steam passing through a turbine, or even someone pedalling a bicycle.
People have used this principle of electricity generation for the past 150 years.
Module 4.2 describes large-scale electricity generation in more depth.

Wire loop

Tworings
Handle

(for turning wire loop)

Electricity flows
from wires

Magnetic
poles

A FIGURE 41.7  The components of an electrical generator

@ LEARNING CHECK

1 List all the devices you can think of in your home that use batteries as a source of
electrical energy.

2 Draw an energy flow chart to represent the energy transformation when a battery is used
to power a torch.

3 Garden lights are commonly powered by a battery and a small solar panel. Explain the
energy transformations involved.

4 Most towns and cities are powered by an electric generator (or generators) that are
located far from populated areas. Justify why.
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@ Electrical energy production

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

energy transformation
the changing of one type
of energy into another

v explain how energy can be transformed through energy systems
v compare and contrast different sources of energy used to produce electricity.

GET THINKING

We rely on energy transformations in all kinds of situations. For example, electricity
production relies on energy transformations. Think about an electric scooter. It can only
move if the chemical energy stored in its battery is transformed into electrical energy, which
is then transformed into kinetic energy. As you complete this module, imagine what it would
be like if energy transformations were not possible in your daily life.

Transforming energy

Transforming energy means to change or convert one type of energy into another

type of energy. We rely on energy transformations in all aspects of our life. One
important example of energy transformation you learned about in Stage 4 is when
green plants transform light energy into chemical energy (a type of potential energy) by
photosynthesis. Our bodies use the chemical energy stored in the food we eat to keep us
alive by transforming it into other types of energy.

Many devices and appliances transfer and transform energy. In many instances, there
will be both energy transfer and energy transformations occurring, especially in complex
energy systems. Table 4.2.1 provides some examples of energy transformations.

V TABLE 4.21 Simple examples of energy transformations
Example Energy transformation(s) involved

Burning a log + Chemical energy stored in the wood transforms into heat and
light energy.

+  Chemical energy stored in the battery transforms into electrical energy
and then into light energy in the bulb.

When left on, the bulb will get hot, showing that some electrical energy
has transformed into heat.

+ When an electric current flows, some heat is generated by the friction
of the charges moving through the wires.

Knocking a glass off atable -+ Gravitational potential energy is transformed into kinetic energy as the
glass falls.

Some kinetic energy is transformed into sound energy when the glass
hits the floor and shatters.
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Transforming energy into electrical energy

Electrical energy is one of the most common types of energy we depend on every day.
We use electricity in our homes, at work or at school, in industry and in many other
places. Today’s society relies heavily on the large scale transformation of energy into
electrical energy.

Non-renewable energy sources

Non-renewable energy sources include fossil fuels such as coal, oil and natural gas.

Some countries also use nuclear power. Coal has been an important energy source for
electricity generation in Australia for many years. Using fossil fuels to produce electrical
energy in power stations relies on transforming their chemical potential energy into heat
by burning the fuel. The heat is then used to change the state of liquid water into high-
pressure steam. The steam turns a turbine, which drives a generator, so that the kinetic
energy of the turbine is transformed into electrical energy (Figure 4.2.1).

Transtormers /3

' I‘ Turbines ‘
Generator 5

—“ h- Te—

Water intake

Ash Coal
collection dust in

A FIGURE 4.21 A coal-fired power station

There is now a significant push from the community to shift away from coal and other
fossil fuels, and to instead use energy sources that produce fewer greenhouse gases and
reduce the impact on climate change.

Removing fossil fuels from underground also leads to environmental damage and risks,
from the huge pits dug to access coal to coal dust, oil spills and gas explosions.

9780170491785

non-renewable

energy source

a source of energy that
is finite in nature; that is,
used at a faster rate than
it can be produced

greenhouse gases
gases in the atmosphere
that can trap heat and
affect global surface
temperatures and other
aspects of the climate
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renewable energy
source

a source of energy that
can be produced at a
faster rate than it can
be used

biofuels

fuels that are made from
biological sources that
can replace fossil fuels

hydroelectricity
electrical energy produced
by transforming the
gravitational energy of
falling water into kinetic
energy to drive a turbine

tidal energy

electricity generated
from the ebb and flow of
the tides

Nuclear power also has significant environmental impacts caused by mining and the
need to dispose of nuclear waste material. There is also a small but high-impact risk of
pollution from the malfunction of a nuclear power plant (as occurred at Fukushima,
Japan, in the aftermath of a tsunami in 2011).

Renewable energy sources

Renewable energy sources are sources of energy that can be produced at a faster rate

than they are used; that is, they can be ‘renewed’.

® Biofuels, like fossil fuels, are burned to release heat. This heat is used to turn
turbines, which drive generators. The advantage of biofuels is that the fuel is made
from recycled biological material that would otherwise be waste material. The energy
captured in these materials is used as a fuel rather than ending up being incinerated
or breaking down in the environment.

® In the production of hydroelectricity, gravitational potential energy is used.
Water drops from a height, transforming the gravitational potential energy into
kinetic energy that drives the turbine, which in turn drives the generator
(Figures 4.2.2 and 4.2.3).

Gravitational o )
potential energy % Kinetic energy % Electrical energy

A FIGURE 4.2.2 A simple energy transformation flow chart for generating hydroelectricity

A FIGURE 4.2.3 Transforming gravitational potential energy into electrical energy using a
hydroelectric power station

® Tidal energy can be used to generate electricity. The kinetic energy of moving water is
used to drive a turbine and produce electricity. Some systems use the difference in the
heights of the tides to act like the dams in hydroelectric power stations. The water is
forced through pipes to rotate turbines.
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® Geothermal energy is the heat that is trapped in rocks close to heat sources deep within
Earth’s crust. Geothermal energy is used in New Zealand as a source of electricity.
Water, usually pumped into these regions via pipes, is heated and comes back to the
surface as steam, under pressure, in separate pipes. The significant kinetic energy of
the steam drives a turbine to transform the kinetic energy into electrical energy.

® Wind power generators transform the kinetic energy of the wind to drive a turbine to
produce electricity.

® Solar power relies on converting light energy from the Sun directly into electrical
energy in solar cells.

Wind and solar power often use large battery systems to store power. When power is
available, electrical energy from these sources charges the batteries, converting electrical
energy into chemical potential energy. This energy can be converted back into electrical
energy when demand is high or supply of energy from wind or sunlight is low.

@ LEARNING CHECK

Define a non-renewable source of electrical energy.

2 Outline why environmental organisations oppose the use of non-renewable sources of
electrical energy.

3 Explain how energy can be transformed from one form into another.

4 Generators rely on a substance of some type to cause the turbines to turn. Compare the
substances that turn turbines in each energy source (ignore solar power).

5 Justify the choice made by governments across Australia to increase the use of
renewable sources of electrical energy.

geothermal energy
heat that is trapped
in rocks close to heat

sources deep within
Earth'’s crust

wind power

electricity generated by
harnessing the kinetic
energy of wind to drive
a turbine

solar power
electricity generated
directly from sunlight,
using solar cells
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

electrical circuit

a complete loop that can
conduct a continuous
flow of electricity so that
electrical potential energy
can be transferred

complete loop
an unbroken, continuous
path for electricity

electrically conductive
material

a substance that enables
electricity to flow
through it

power pack

an adjustable power
supply used in the science
laboratory that plugs into
a power point

load

any componentin a
circuit that transforms
electrical energy

component
any part of an electrical
circuit

switch

a component that can
complete or disconnect
the conducting path of
electricity in an
electrical circuit

resistor

a component that
regulates the flow of
electricity in an electrical
circuit

ammeter

an instrument used to
measure current (the rate of
electricity flow in a circuit)

voltmeter

an instrument used to
measure voltage (the
energy transformed when
electricity passes through
a component in a circuit)

126 Science in Focus | Stage 5 NSW

v identify the requirements of a simple electrical circuit
v draw symbols to represent common components of electrical circuits in circuit drawings.

GET THINKING

A simple circuit, like the one in a torch, must have certain components to work. What are
those components? Even simple circuits can have a number of wires and components. This
makes it is hard to see what is going on and almost impossible to describe it to someone.
How could describing a circuit be simplified?

Electrical energy travels through an electrical circuit to reach a device that then
transforms the electrical energy into other forms of energy. An electrical circuit needs
certain features to function.

Requirements of an electrical circuit

There are many different types of electrical circuits, but they all have some important
features in common. To be able to function, an electrical circuit must have:

® aconductive path — a complete loop made of an electrically conductive material
® apower source - a battery or power pack that provides electrical power

® aload - an electrical component that can transform electrical energy into other forms
of energy. A circuit has to have a load or too much current will flow. Examples of
loads include a light globe (electrical energy to light energy) and the element (heating
device) in a kettle (electrical energy to heat).

An example of a simple circuit is shown in Figure 4.3.1.

Components in an
electrical circuit

Electrical circuits can be simple or
complicated, with a wide range or number
of components. Common components
include a:

® switch

® light bulb

® Dbattery A FIGURE 431 Some common components in a
. simple circuit

® resistor

® ammeter

® vyoltmeter.

For components to work, they must be connected in one or more conductive loops in the
electrical circuit.
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An introduction to circuit diagrams

The easiest way to represent an electrical circuit is in a circuit diagram. This is a
simplified diagram that represents the different components of an electrical circuit and
how they are connected. A circuit diagram is a much easier way to communicate the
important details about an electrical circuit than a photo or a description.

A circuit diagram is not drawn to scale. This means that it may not show you the true
size of the components relative to each other or their actual position in the circuit.

A circuit diagram commonly uses symbols to represent components. The symbols for
some common components in an electrical circuit are shown in Figure 4.3.2. These
symbols are universal, which means anyone can understand and use them to build
electrical circuits. Module 4.6 explains in detail how to draw circuit diagrams.

Conductive path ~———mm— Conductive junction —Ii
Power source  ———| Globe or bulb —®—

Open switch —o\o— Resistor — __ }—

Ammeter —-@—

Variable power source

Closed switch

Voltmeter

—o0—o0—
Variable resistor 4¢—

A FIGURE 4.3.2 Some of the symbols used in circuit diagrams to represent common components
of electrical circuits

An example of a simple circuit diagram is

shown in Figure 4.3.3. This circuit contains: ® ®

® aclosed switch

® two light globes I

® one battery. |
|

A FIGURE 4.3.3 A simple circuit diagram

@ LEARNING CHECK

1 List the requirements of a simple electrical circuit.

2 Identify three components that could be included in an electrical circuit.
3 Why doesn't a circuit work when the switch is open?

4 Explain why symbols are used for components of electrical circuits.

5 Predict the meaning of an arrow on some circuit symbols.

circuit diagram

a simple diagram of an
electrical circuit that uses
standard symbols

9780170491785 Chapter 4 | Electrical energy 127



@ Series and parallel circuits

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

Series verses
parallel circuits

series circuit

an electrical circuit where
wires and components are
connected end-to-end

v describe the defining features of series and parallel circuits
v explain the differences in how series and parallel circuits function.

GET THINKING

You have probably noticed that when someone turns off the kitchen light, the other lights
in the house stay on; or that when someone in the next room turns off the television, the
microwave can keep running. How does the wiring of a house make this possible?

Electrical charges can flow through conductive paths in a series circuit or a parallel
circuit. There are also more complicated circuits that combine these two types.

Series circuits

In a series circuit, all components are connected end-to-end, forming a single path
for electricity to flow through. Since series circuits have only one path, all of the
electricity must flow through each component of the series circuit, one after another.

If there is a broken or disconnected component in a series circuit, then no current can
move through the circuit at all. Figure 4.4.1 shows an example of simple series circuit.

A FIGURE 4.41 A simple series circuit featuring two light bulbs, a battery and a switch. The blue

arrows show the direction of the electrical current, flowing from the positive terminal (+) of the
battery towards the negative terminal (-).
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Parallel circuits @

In a parallel circuit, the electrical current has two or more paths to move through. parallel circuit
an electrical circuit where
If there is a broken or disconnected component in a parallel circuit, then no current the current can travel

along two or more paths
can move through that part of the circuit. However, the electrical current can still flow g .

in the other parts of the circuit that are not affected by the disconnected component.
Figure 4.4.2 shows an example of a parallel circuit.

A FIGURE 4.4.2 A simple parallel circuit with two light bulbs, a switch and a battery. The electrical
current flows from the positive terminal of the battery along both paths towards the negative
terminal of the battery.

@ LEARNING CHECK

1 Outline the key difference between a series circuit and a parallel circuit.

2 Compare what happens if one bulb is removed from each of the circuits illustrated in
Figures 4.4.1 and 4.4.2.

3 Describe a change that would need to be made to the circuit shown in Figure 4.4.2 so
that each of the bulbs could be turned off individually.

4 Long chains of fairy lights can vary significantly in price. Often, when used over a long
period, a few bulbs may stop working. In cheaper versions, sometimes all the bulbs may
stop lighting up at the same time. Explain why this happens, using series and parallel
circuits in your answer.

5 Explain why it is better to electrically connect a house using parallel circuits rather than
series circuits.
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WORKING ‘1.d: . . .
SC,ENT,F,CALWU @ Building electrical circuits

SCIENCE SKILLS IN FOCUS

IN THIS MODULE, YOU WILL FOCUS ON
LEARNING AND IMPROVING THIS SKILL:
» using diagrams to construct different
types of electrical circuits.

Here are some important rules to follow when
constructing electrical circuits.

1 Look closely at the circuit diagrams before
beginning the investigation

2 Carry out a risk assessment before beginning
the investigation by asking yourself
these questions:

a Is there anything you will be doing or
using in the investigation that could
cause harm? For example, will you work
with power sources, hot objects or
glass objects?

b What are the hazards? For example, is
there risk of electrocution, burns, cuts?

¢ What could you do to reduce the risk of
harm? For example, you might aim to
not touch hot objects, and to ensure your
hands are dry.

3 Gather all components you need before
building the circuit.

4 Build your circuit by following the
circuit diagram.

5 Check the circuit you have built against
the circuit diagram before beginning
the investigation.

al
o‘:

Video
Science skills in
a minute: Risk
assessments

Science skills
resource
Science skills in
practice: Risk
assessments

Extra science
investigation
Investigating
electrical circuits

COMPARING SERIES AND
PARALLEL CIRCUITS

(BACKGROUND INFORMATION j

The way that components are added to a circuit

(in series or in parallel) will determine what happens
when the circuit is changed. We can qualitatively
observe these changes by comparing the brightness
of light bulbs.

(Am )

To determine how the brightness of lights bulbs
changes when components are added to a series
circuit and to a parallel circuit

(MATERIALS AND EQUIPMENT )

™ power source (battery or power pack)
o switch

™ 2 light bulbs

™ 12 connecting wires

-
A Safety

When constructing, adjusting or packing away an
electrical circuit, always turn the power off at the
main switch and unplug the power source. Only
once you are ready to collect data should the power
source be plugged in and the main switch turned on.

Only use the circuit switch to connect the circuit
for as long as you need to record the data. Do not
handle circuit components after use; they can get
hot and may need time to cool down.

Ensure your hands are dry when touching the circuit.

.

(PrOCEDURE )

1 Write a risk assessment for this investigation, using
the questions in the blue ‘Science skills in focus’
box on this page to help you.

2 Write a hypothesis for the experiment.
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3 Construct an electrical circuit with one bulb
and one switch, as shown in Figure 4.5.1.

5
),

O\C

A FIGURE 4.51

Key | |

_®_ Light bulb
— ’-— Power source

—0 o— Switch

Circuit with one bulb

4 Close the switch. Observe the brightness of the
bulb. Take a photo and record your observation
for one bulb in a table like Table 4.5.1.

5 Construct an electrical circuit with two bulbs in a
series circuit, as shown in Figure 4.5.2.

Vo S 5.\
)

O\C

A FIGURE 4.5.2
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Key l |

_®_ Light bulb

— '— Power source

—0 o— Switch

Circuit with two bulbs in series

4.5

6 Close the switch. Observe the brightness of both
bulbs. Take a photo and record in your table your
observation of whether each bulb is brighter, dimmer
or the same as in the one-bulb circuit.

7 Construct an electrical circuit with two bulbs in
parallel, as shown in Figure 4.5.3.

7
X

®

/|
'
Key

_(:>_ Light bulb
— |— Power source

—0 Yo— Switch

A FIGURE 4.5.3  Circuit with two bulbs in parallel

8 Close the switch. Observe the brightness of both
bulbs. Take a photo and record in your table your
observation of whether each bulb is brighter, dimmer
or the same as in the one-bulb circuit.
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4.5

TABLE 4.51 Observations of bulb brightness in different circuits

Circuit design Bulb 1 — Observation

One bulb
Two bulbs in series

Two bulbs in parallel

Record your data in a table like Table 4.5.1.

1 What do you notice about the brightness of bulb 1
when bulb 2 is added in series?

2 What do you notice about the brightness of bulb 1
when bulb 2 is added in parallel?

3 Explain what you think has happened to the flow of
electricity provided by the power source when bulb 2
was added in parallel.

4 What method of electrical circuit design do you think
would be best for a house? Justify your answer.

Bulb 2 — Observation Brightness comparison

Write a conclusion for this experiment. Remember to
state if your results support your hypothesis.

You can use a simulation (computer model) such as
PhET to further investigate and understand processes
that occur in a range of electrical circuits (Figure 4.5.4).
Try repeating the procedure for this investigation using
the simulation provided in the link.

You can ‘build’ circuits and make a wide range of
changes quickly and easily through the simulation. You
can make observations of the moving charges and can
take measurements, which you will learn more about in
Module 4.8.

Top circuit element to edit. =)

fa— p:
«l .
4 N
'|~ (P
N s .
Weblink esaty
PhET circuit
construction kit o= 3
= =
[
Q
A FIGURE 4.5.4
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A screenshot from the PhET virtual circuit construction kit
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@ Drawing electrical circuit diagrams

BY THE END OF

v .
THIS MODULE, YOU use and construct diagrams to represent data

WILL BE ABLE TO: v use diagrams to communicate information.
GET THINKING )
P4
iw
We can communicate scientific concepts in many different ways. For electrical circuits, we
usually use circuit diagrams instead of descriptions. Can you think of other examples of when w °f(hﬁ' resource .
orksheet: Drawin,
it easier to communicate scientific or technical information using diagrams instead of words? electrical circuits

Rules of circuit diagrams

There are some simple rules you should follow when drawing circuit diagrams. Creating
a clear diagram will make it easier for other people to use it.
1 Use a sharp pencil and ruler to draw the diagram.

2 Represent the conductive path (wire) with a straight line. Represent direction
changes in the wire with right angles. Circuit diagrams should, therefore, be shown
as a rectangle.

3 Don’t draw wires crossing.

4 Use the right symbols to represent components in the circuit (Figure 4.6.1).

Conductive path —m——o— Conductive junction —|—
Power source  ———| Globe or bulb —®-—

Open switch —o\o— Resistor — }—
Ammeter —@—

Variable power source

Closed switch

Voltmeter

—O0—o0—
Variable resistor 4¢|—

A FIGURE 4.61  Common symbols used in circuit diagrams

5 If there is just one component on one side of the rectangle, place it in the centre of
the side. If there is more than one component on one side of the rectangle, draw the
symbols for the components evenly distributed.

6 Ensure the symbols are drawn in the same order as the components are connected in
the circuit.

7 The circuit should form a closed loop or loops. This means you should be able to trace
a path around the circuit without any breaks (unless an open switch is represented).
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Examples of circuit diagrams

In Module 4.4, two simple circuits were shown as drawings. Figures 4.6.2 and 4.6.3 show
how these circuits can also be represented as circuit diagrams.

a b
% v
X
Jl Key
& 3 \ —&)— Light bulb
I Closed
switch
—l |— Battery
TR

A FIGURE 4.6.2 A simple series circuit, containing a power source, two light bulbs and a switch,
shown as (a) a drawing and (b) a circuit diagram.

a b
1)
1%
Key
—(:)— Light bulb
® g
Closed
switch
—| |— Battery

A FIGURE 4.6.3 A simple parallel circuit, containing two light bulbs, a switch and a battery, shown as
(a) a drawing and (b) a circuit diagram
Some further examples of circuit diagrams show circuits with:

® a power source, switch and two resistors (each represented by a rectangle) in series
(Figure 4.6.4)

® a power source and two resistors in parallel, where each resistor has a switch on its
branch (Figure 4.6.5).

I —o—71 |
Key Key
—[}— Resistor —{ "} Resistor
Closed I O—0 { J— Closed
switch switch
— l— Battery I | — I— Battery
| |
| I | |
A FIGURE 4.6.4 A circuit diagram of a simple electrical A FIGURE 4.6.5 A circuit diagram of a simple electrical circuit
circuit with a power source, two resistors and a switch, with a power source and two resistors with a switch each,
connected in series connected in parallel
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@ LEARNING CHECK

1 Draw the following circuits:

a a series circuit with three resistors and a switch.

b a parallel circuit with three resistors and one switch that can disconnect them all.

2 Match the provided diagram with the appropriate description.

Description

a A series circuit with a bulb,
a switch and a resistor

b A circuit with a resistor
and a bulb in parallel, both
controlled by one switch

¢ A circuit with a resistor
and a bulb in parallel,
each controlled by a
separate switch

9780170491785

Diagram
A
|_|" O0—-0C
@ 0—o0
/|
'
B
0—o0-
pu— )
| IS |
Cc
L
®
o /|
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[> 3 Identify the errors in each of the three circuit diagrams below and explain why these

features are wrong.

!
||
®
I
||
| ®
®

®
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@ Measuring quantities in electrical circuits

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v explain how these quantities are measured.

GET THINKING

v describe the current, voltage and resistance of an electrical circuit

ks
Have you ever tried to use a torch and discovered that the light was too dim? What would you
need to measure beforehand to find out if the battery would be able to make the torch light Video activity
properly? How would you measure it? How we

measure electricity

Current

Current is defined as the flow of electricity. It is caused by the movement of electrons. current

the amount of charge
that passes a point in
through a waterway. Current is represented in equations by the symbol I. (Note that, by an electrical circuit in

. . . . . \s . one second
convention, current is shown in diagrams as flowing from the positive terminal to the
negative terminal, even though electrons actually flow in the opposite direction.)

You can think of the current in an electrical circuit as being like the flow of water

Current is measured as the amount of electrical charge that moves past a point in the
circuit in 1 second. An electric current occurs when electrons move in one direction.
If electrons move in random directions, there is no electric current (Figure 4.7.1).

Metal ion (charged atom
Free electron ( 9 )

o%’oﬁﬁw%oo 06CCCCCBCT

2000006 08BBBBIBEY
%pgw@ww: 0888888888

Electrons move in random directions = no electric current Electrons move in one direction = electric current

A FIGURE 471 A model of current, showing the movement of electrons in a conductor

You can measure current with a device called an ammeter. An ammeter measures
current in units of amperes, shortened to A. The circuit diagram symbol for an ammeter
is a circle with a capital A inside. Figure 4.7.2 shows an electrical circuit with an
ammeter. An ammeter is connected in series to measure the current flowing in a circuit.

4 FIGURE 472 An ammeter can be
connected to measure the current
flowing through a series circuit.
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voltage

a measure of the
difference in electrical
energy between two
points in a circuit

Voltage

When a charge moves between two points in an electrical circuit, some of its electrical
energy may be transformed into another type of energy, such as light. Alternatively, the
charge may gain energy when it moves through a power source and has electrical energy
added to it. Voltage is a measure of the amount of electrical energy lost or gained by
charges as they move between two points in an electrical circuit. Voltage is represented by
the symbol V when used in equations. A voltmeter is a device that measures voltage. It is
shown in circuit diagrams as a circle with a capital V inside. Voltage is measured in units
called volts (also shown as V). Figure 4.7.3 shows an electrical circuit with a voltmeter.

A voltmeter is connected in parallel to measure the voltage across a component.

A FIGURE 473 A voltmeter connected to measure the voltage across a light bulb in a circuit that
also features a switch and a battery

Resistance and Ohm’s law

Resistance is a measure of how much a circuit component opposes the flow of current
through it. All circuit components, even conductive wires, have some resistance.
Resistance is represented in equations by the symbol R. The resistance of a circuit
component is defined as the ratio of the voltage across a component to the electric
current that flows through the component. This is expressed with the equation known
as Ohm’s law:

R="
1

This equation is often written as V= IR.

If a component has high resistance, then a large amount of electrical energy will be lost
by electrons moving through it. This happens even if the number of electrons per second
moving through it - the current - is small.
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In contrast, electrons flowing through a component with low resistance will lose a
small amount of electrical energy, even when the current is high. Components such as

filament light bulbs and voltmeters have high resistance. Components such as ammeters
have low resistance.

Resistance is measured in units called ohms (symbol Q) and is represented in equations by R.

WORKED EXAMPLE 4.71

An ammeter measures the current flowing through a light bulb to be 0.2 A (/). A voltmeter
connected to either side of the bulb measures the bulb’s voltage to be 230 V (V). What is the
resistance (R) of the bulb?

THINKING PROCESS WORKING

Step 1: Identify the known and unknown variables. V=230V
I1=0.2A
Step 2: Identify the appropriate relationship. R v
!
Step 3: Substitute known values. R :E
0.2
Step 4: Rearrange, using algebra if necessary, and solve. R=11500

WORKED EXAMPLE 4.7.2

What current (/) would flow through an electric motor with a resistance (R) of 920 O when
it is connected to a 230 V power source (V)?

THINKING PROCESS WORKING

Step 1: Identify the known and unknown variables. V=230V
R=920q
Step 2: Identify the appropriate relationship. R v
T
Step 3: Substitute known values. 920 = 230
/
Step 4: Rearrange, using algebra if necessary, and solve. - 230 _ 0.25A
920
9780170491785
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Energy transformations in a circuit

You have learned that an electrical circuit consists of a power source, a load (electrical
component that transforms electrical energy) and a complete conductive path.

Y |

A FIGURE 474 A speaker in a series circuit with two light bulbs,
a battery and a switch

140

The power source provides electrical energy to the
electrons in the conducting material (wire) and

the components. The components in the circuit
transform some of this electrical energy into other
forms of energy, such as light, heat and sound. As

a result, the electrical energy of electrons decreases
as they move through the components. In contrast,
when the electrons move through the power source,
their electrical energy increases.

Electrical components are added to electrical
circuits because they transform energy to do useful
work. An electric motor is put in an electrical
circuit to transform electrical energy into kinetic
energy; for example, to make a lift move or to
power an electric car. A speaker is put into an
electrical circuit to transform electrical energy into

sound energy to play music (Figure 4.7.4). An oven is put into an electrical circuit to
transform electrical energy into heat energy to cook food.

Measuring energy transformations

Most electrical components and devices transform some electrical energy into unwanted
heat or sound. For example, a kettle makes a noise as it boils water, and your phone or
laptop charger gets hot as it charges your device.

Measuring the light, heat or sound energy a device or component emits is challenging.

Generally, we make measurements of electrical energy transformations using information
about the electrical energy put into the device rather than the device’s output.

Earlier in this module you learned that electrical current (I) is a measure of how much
charge passes a point in the circuit per second and that voltage (V) is a measure of how
much energy is lost or gained by charges as they move through a component. It follows
that the product of current and voltage can be used to determine how much electrical
energy has been transformed per second (also described as the rate of electrical energy
transformation) by a device or component. This measure is called power (P). The unit for
power is the watt (W). The equation P = V x I explains this relationship between current,
voltage and power. We cannot directly measure the electrical energy transformed by a
device or component or even by a whole circuit, but we can determine it by measuring

current and voltage and using this equation.

Science in Focus | Stage 5 NSW
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WORKED EXAMPLE 4.7.3

An ammeter measures the current (/) flowing through a light bulb to be 0.2 A. A voltmeter
connected to either side of the bulb measures the bulb’s voltage V to be 230 V. What is the
power P of the bulb?

THINKING PROCESS m

Step 1: Identify the known and unknown variables. V=230V
A=02A
Step 2: Identify the appropriate relationship. P=VxI
Step 3: Substitute known values. P=230x0.2
Step 4: Rearrange, using algebra if necessary, and solve. P=46 W

Electrical devices in your home have a power rating that is often displayed somewhere
on the device (like in Figure 4.7.5) or is published online. For example, the power rating
of a kettle or microwave is usually 1000 W, while the power rating of a calculator is
around 0.00002 W.

)I\!c:san

Microwave oven

Model number: NEL98765
Rated voltage: AC220-240V
Rated frequency: 50 Hz

Rated power input: 1100 W
Rated power output: 700 W
Capacity: 15L

Microwave frequency: 2450 MHz

@ LEARNING CHECK

1 Create a table with the following terms:

4 FIGURE 475 The electrical
specifications label of a
microwave oven shows the power
input and other details.

+ electrical current
+ voltage
+ resistance.
In the table, define each term and explain how it is measured.

2 Calculate the resistance of an electric toothbrush motor that has 0.05 A current flowing
through it when connected to a 6 V battery.

3 Calculate the power of a bicycle light that uses a 2 V battery and has a 0.02 A current
flowing through it.
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» using appropriate measuring equipment to collect current and voltage data

» following a method to undertake an effective investigation with a range of electrical circuits.

A voltmeter connected in parallel with (to either side of) a
component or device in a circuit can measure the voltage
of that component. An ammeter connected in series
(next to) a component or device in a circuit can measure
the current flowing through that component. Voltage and
current data can be used to calculate the component’s
resistance and power and compare parts of a circuit.

Voltage (V) = current (/) x resistance (R) V=1IxR

Power (P) = voltage (V) x current (/) P=VxlI

How to use an ammeter

1 Place the ammeter in the electrical circuit in series with
the component for which you are collecting data.

2 Close the switch. If the needle moves to the negative
side (of an analogue meter) or the display is negative
(on a digital meter) then swap the location of the two
leads connected to the ammeter.

INVESTIGATION 1: COMPARING
BRIGHTNESS, POWER AND
EFFICIENCY IN LED AND
FILAMENT BULBS

Over recent years, LED lighting has become increasingly
popular for use in homes and businesses, traffic lights
and streetlights, and in everyday appliances and tools,
such as torches and bicycle lights. It is popular because
it can transform more electrical energy into light and less
into heat.
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3 Keep the switch closed long enough to record a value
for current. You may need to estimate a value based on
the middle value if the current varies slightly over time.

4 Remember to always record your measurements with
the correct unit of measurement (amps or A).

How to use a voltmeter

1 Place the voltmeter in the electrical circuit in parallel with the
component for which you are collecting data. This means
you need to place an additional lead from each side of the
component and connect them to each side of the voltmeter.

2 Close the switch. If the needle moves to the negative
side (of an analogue meter) or the display is negative
(on a digital meter) then swap the location of the two
leads connected to the voltmeter.

3 Keep the switch closed long enough to record a value
for voltage. You may need to estimate a value based on
the middle value if it varies slightly over time.

4 Record your measurements with the correct unit of
measurement (volts or V).

To compare the energy consumption of a filament lamp
and an LED bulb

M power source (power pack)
™ switch

& 12V filament bulb

& 12V LED bulb

& ammeter

™ voltmeter

M 4 connecting wires

™ light meter (optional)
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(A Safety h

When constructing, adjusting or packing away an
electrical circuit, always turn the power off at the
main switch and unplug the power source. Only plug
in the power source and turn on the main switch when
you are ready to collect data.

Only use the circuit switch to connect the circuit for
as long as you need to record the data.

Do not handle circuit components after use; they can
get hot and may need time to cool down.

Ensure your hands are dry during the investigation.

N J

1 Write a hypothesis for the experiment.

2 Construct an electrical circuit with the filament bulb,
as shown in Figure 4.8.1.

D @

A FIGURE 4.81  An electrical circuit to measure the
electrical energy used by a lamp

4.8

3 Close the switch and record data for the filament
bulb in a table like Table 4.8.1. Either describe the
brightness by qualitative judgement (dull/bright/very
bright) or measure it using a light meter.

4 Calculate a value for the power of the light bulb and
record the value in the table.

5 Construct an electrical circuit with an LED bulb
replacing the filament bulb. You may need to wait
before handling the filament bulb, as it may be hot.

6 Close the switch and record the data for the LED
bulb in your table. Again, either record the brightness
as a qualitative judgement or measure it using a
light meter.

7 Calculate a value for the power of the LED bulb and
enter the value in the table.

Record your data in a table like Table 4.8.1.

1 Did the LED or filament bulb feel very warm when
you packed away the equipment?

2 What does the bulb brightness and warmth tell you
about the energy transformations of the two bulbs?

3 What aspect of the experiment was or would
be improved by using a light meter rather than
qualitative judgement when recording data about the
brightness of the bulbs?

Write a conclusion for this experiment. Remember to
state if your results support your hypothesis.

TABLE 4.81 Electrical data for a filament bulb and an LED bulb

Voltage (V)

Filament bulb

LED bulb

9780170491785

Current (A)

Power (W)
P=VxI

Brightness (qualitative
judgement/light meter value)
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4.8

INVESTIGATION 2: COMPARING
RESISTANCE IN DEVICES

How well a material conducts electricity depends on
how its atoms are arranged and how many electrons
are free to move. All materials have some resistance to
the flow of an electrical current — even copper, which is
used in electrical wiring. The term ‘conductor’ is used
to describe materials that offer low resistance, and

the term ‘insulator’ is used to describe materials that
provide high resistance.

Insulating coating on wires (Figure 4.8.2) is vital to
electrical safety because it enables wires in electrical
circuits to be used in devices and buildings, and to be
handled without the risk of an electric shock.

While the terms ‘insulator’ and ‘conductor’ suggest
that materials can be classified into these two groups,
in reality materials fall along a sliding scale between
highly conductive and highly insulating. Plastic, wood,
rubber and air are good electrical insulators. Metals
are good conductors, but some are better than others.
For example, silver and copper are more conductive
than iron and lead.

BERE BEaE

To investigate the conductive ability of different materials

power source (battery or power pack)
switch

3 different materials to be tested (e.g. pencil lead,
wooden ruler, aluminium foil, piece of lead)

light bulb
ammeter
voltmeter

™ 4 connecting wires

(A Safety )

When constructing, adjusting or packing away an
electrical circuit, always turn the power off at the
main switch and unplug the power source. Only plug
in the power source and turn on the main switch when
you are ready to collect data.

Only use the circuit switch to connect the circuit for as
long as you need to record the data.

Do not handle circuit components after use; they can
get hot and may need time to cool down.

KEnsure your hands are dry during the investigation. )

1 Write a hypothesis for the experiment.

2 Construct an electrical circuit with Material A, as

VladyslaV Travel photo/Shutterstock.com

A FIGURE 4.8.2 Insulated electrical wires made of copper
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shown in Figure 4.8.3.

_®_

AT
Material A
(test material)

O0—O
©

X

A FIGURE 4.8.3  An electrical circuit for testing the
conductivity of a material
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3 Close the switch and record data for Material Ain a
table like Table 4.8.2.

4 Calculate a value for the resistance of Material A and
enter the value in the table.

5 Construct an electrical circuit with Material B
replacing Material A. You may need to wait before
handling the Material A sample, as it may be hot.

6 Close the switch and record data in the table for
Material B.

7 Calculate a value for the resistance of Material B and
enter the value in the table.

8 Construct an electrical circuit with Material C
replacing Material B. You may need to wait before
handling the Material B sample, as it may be hot.

9 Close the switch and record data in the table below
for Material C. Calculate a value for the resistance of
Material C and enter the value in the table.

10 You may need to wait before handling the Material C
sample when packing up your equipment, as it may
be hot.

Record your data in a table like Table 4.8.2.

TABLE 4.8.2 Electrical data for three materials
Voltage (V) Current (A) Resistance (Q)
"4
R=—
I
Material A
Material B

Material C

9780170491785

4.8

1 Place the three materials in order from the material
with the lowest resistance to the one with the
highest resistance.

2 What aspects of the experiment could be changed
to make the investigation more reliable (that is, to
produce more consistent results)?

3 What aspects of the experiment could be changed to
make the investigation more valid (that is, to improve
how well it tests our hypothesis)?

4 What was the purpose of the light bulb in
the investigation?

Write a conclusion for this experiment. Remember to
state if your results support your hypothesis.
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@ Global energy use and future needs

I LllE [l v explain the need for a change in the world’s energy demands and sources
THIS MODULE, YOU
WILL BE ABLE TO: v describe how energy labels help consumers make informed energy choices

v describe ways in which consumers are changing Australia’s energy usage with
personal choices.

«l GET THINKING
P4

| § 4
Think about how much electrical energy you and your family use. Do you know the source

C‘C’J‘Sdtegf-‘*;t?mg of your electricity? How do your family’s energy demands change during the day, week and
uilai
Australia’s future year? How do you think your energy demands could change in the future?

energy needs

We need energy every day in almost every aspect of our lives. Electrical energy is vital to
activities in homes, businesses and government services.

The world’s energy consumption is increasing as population rises and people gain more
access to electrical appliances and devices. Producing the energy to meet these needs
significantly affects the local and global environment. Electrical energy is generated
using different methods, each with different impacts on the environment. Some impacts
include removal of resources from the ground, land-clearing, emission of greenhouse
gases, production of nuclear waste, and the flooding of waterways and valleys.

To maintain Earth’s environmental health, we need a plan that helps us meet future global
energy needs while minimising harm. This plan must include reducing energy consumption
by improving current energy use, and developing alternative energy sources that have less
environmental impact. Australia’s National Energy Productivity Plan was released in 2015
by the ministers for energy across Australia’s states and territories (Figure 4.9.1).

Natic

WHY improve

energy productivity?

L Boosting Encouraging smarter
DDD cogzpet:'t:',\‘:eness choices through
and gro

« efficient incentives
* empowering consumers
* helping business compete

1" o 550 @O

en in the long thet
lomms of ma% bﬂl:
consumers
201 5 Promoting better energy

Reducing greenhouse services through

gas emissions =
ergy Energy market
efficiency reform * innovation support
* competitive modern markets
* consumer protections

] BNl mie

COORDINATING POLICY

Helping families and
business manage
their energy costs

A FIGURE 4.91  Australia’s National Energy Productivity Plan
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Improving how we use energy

Making more efficient use of energy will be vital to maintaining our lifestyles if we want
to reduce environmental impacts in the future. Governments can create policies and laws
designed to reduce energy demand by businesses, industries and individuals. Choices
made by individuals and households will also help. Sometimes, governments provide

an incentive (often financial) or the means for people to make choices that reduce their
electricity demands. One such Australian government policy is the energy rating system.

Energy rating of electrical appliances

Electrical appliances bought in Australia must display an energy rating label. Energy
rating labels are regulated by the Australian Government’s Australian Energy
Regulator and the Energy Rating Label scheme has operated for over 35 years. Energy
rating labels can be used to compare the energy efficiency and, therefore, running
costs of various appliances based on assumptions about how often and for how long an
‘average’ household will run the appliance.

The labels help people make informed choices about the appliances they buy, by
providing two important pieces of information:

® the star rating of the appliance

e the appliance’s energy consumption (Figure 4.9.2).

The star rating refers to energy efficiency; that is, how much energy an appliance uses

compared to similar products. More stars means the device is more efficient than other
models with a similar size and features.

Most products are given between 1 and 6 stars. As technology continues to improve, so
does energy efficiency. That is why some super-efficient appliances are now available in
shops and online with an extra row of stars, extending the star rating system to 10 stars.

POC/Shutterstock.com

ENERGY

RATING

4 FIGURE 4.9.2 Example
of an energy rating label
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electricity tariff
the price a consumer pays
for the energy they use

<l
4
0‘.

Weblink
Australian Energy
Regulator

DATA
sciencE [Pad

Learn more about
the importance

of analysing large
datasets in

Modules 2.5 and 2.6.

When comparing star ratings of different appliances, it is important to remember that
the appliances have to be of similar size and have similar features. For example, a 10 kg
washing machine and a 6 kg machine may both get a 5-star rating, but the 10 kg washing
machine will use more energy.

Energy consumption in your house is generally measured in kilowatt-hours (kWh). This is
the unit of measurement you will see on electricity bills. We can use the energy consumption
rating to work out the estimated running cost of an appliance, with the formula:

Annual running cost = total energy consumption (kWh) X electricity tariff (dollars/kWh)

For example, if a refrigerator has an energy consumption of 458 kWh and your electricity
tariff is $0.307 per kWh, then the estimated annual running cost of your refrigerator is
$140.61 (458 kWh x $0.307).

People can find their electricity tariff in the service calculation section of their electricity
bill. The Australian Energy Regulator website provides more information about
electricity tariffs.

Energy trends and predictions

Data about recent energy trends is needed to help predict how energy demand may
change in future. This includes information about sources of energy and energy demand.
Some data about Australian use of energy can be seen in Figures 4.9.3 and 4.9.4.
Predicting when and where demand will change can help governments plan to reduce
waste and choose the most appropriate sources of energy.
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A FIGURE 4.9.3  Australia’s energy consumption by fuel type. One petajoule is 108 joules.
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Australian Energy Statistics
In 2021-22

Energy consumption down
o $374 million GDP
v o /o for every PJ consumed
Low):.ﬂ;:::‘!.ﬂn Up $83 million over 10 years

47%

Electricity
generation

2 8 0/0 ﬁ?cfégz:ltivity

since 2011-12 Improvement

from coal
in 2022

o L
KYA ¥ 37%
Electricity y -—‘-
eneration '
?rom I b ;“,.:,':y" -
L comsumpton
Most coal and gas
Net exports produced is exported

h % &
production 91% 76%

o Air transport up b
A33

ammy )59,
y / / /4

Growth in solar generation
in 2022 Still half of 2018-19

| & commercial energy
umption up

Petrol consumption lowest
since 1970s

y 23%

below 10 years ago

Australian Energy Update 2023, Commonwealth of Australia 2, licensed under CC BY 4.0. https://www.energy.gov.au/sites/default/files/Australian%20Energy%20Update%202023_0.pdf

* Australia’s energy consumption fell slightly in 2021-22, a third successive decline

* Over two-thirds Australian energy production is exported, including most coal and gas
* Renewable electricity generation at record levels, almost one third of all electricity

* Transport energy use increased with air transport recovery, road use still down

* The imported share of refined petroleum product consumption rose to record levels

A FIGURE 4.9.4 A summary of Australia’s energy statistics in 2021-22

Data like this is analysed by government and private organisations to identify
opportunities to build new renewable energy projects.
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% ACTIVITY Design an energy policy

Identify two interesting aspects of Figure 4.9.5. Imagine you are the Australian Minister for
the Environment and you wish to do something about one particular aspect of energy use.
Outline a policy that you would introduce to decrease the impact of energy generation on the

environment in this area.
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| Other Commercial Residential Mining Manufacturing Electricity supply Transport

A FIGURE 4.9.5 Australia’s energy consumption by sector

Demand for renewable energy

Australia has the greatest household uptake of rooftop solar panels in the world. This has
the benefit of noticeably reducing demand on large-scale electrical energy production
during the day, when the sun is shining. However, it has had little impact on the peak

A FIGURE 4.9.6 A household solar charging and usage system
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demand during the evening, when many people
come home and turn on their appliances, such

as air-conditioners, heaters, ovens and lighting.
Large battery units are being designed to store
solar power for use at such times. As they become
cheaper to produce, more homes and businesses in
Australia are expected to consider installing solar
power (Figure 4.9.6). Module 4.10 describes solar
power generation in more detail.

As discussed in Module 4.2, large-scale battery
systems may also enable wider use of solar and
wind power at an energy-grid level.
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Electrical vehicles (EVs) are powered by substantial battery units. The number of people
choosing to buy an EV is increasing rapidly in Australia. If this increase continues, it @

may have a greater positive impact, potentially helping lower Australia’s greenhouse
gas emissions. This will happen if the electrical power used to charge EVs comes from
renewables rather than fossils fuels.

Research activities % ACTIVITY

From waste heat to useful energy

Researchers at the University of New South Wales have demonstrated in an experiment
that it is possible to generate electricity from the infrared waves radiated away from

Earth at night, although in much smaller amounts than when sunlight falls on solar
panels. Researchers hope this form of electricity could one day be developed into a viable
alternative energy source.

Research this discovery and, using the output power they have managed to produce,
determine how many square metres of infrared panels would be required to provide 0.4 kWh
in power (enough for an average household overnight, from 11 pm to 7 am).

Cyclist powers toaster

«l
Watch the clip ‘Cyclist powers toaster’ at the weblink provided. ﬁ:
Are you surprised by how much energy is needed to toast a single piece of bread? Weblink

ebln
Research the power rating of an average oven and, using the information from the video, Cyclist powers

toaster

determine how many cyclists it would take to bake a loaf of bread.

Energy on Eigg
Research the Isle of Eigg on the west coast of Scotland to answer the following questions.
1 What methods do the locals use to generate electrical energy?

2 How can these methods usually provide enough electrical energy, even though Scottish
weather can be inconsistent?

3 What techniques do the locals use to ensure the demand for electrical energy is never
likely to overload the energy system?
Energy efficiency plan

Create a plan to reduce energy demand in your home or school. The plan should consider
energy demand and supply during both day and night, and all relevant energy users. Once
the plan is complete, estimate the reduction in energy demand it is likely to achieve.

@ LEARNING CHECK

1 Identify one government policy that was created to decrease energy demand.

2 Examine the graph of Australian energy consumption by fuel type in Figure 4.9.3. Identify
the trend in coal consumption since 2009-10 and the trend in gas consumption since 2001.

3 Study the Australian Energy Statistics 2021-22 snapshot (Figure 4.9.4) and describe one
notable increase and one notable decrease in energy use.

4 Examine the graph of Australian energy consumption by sector (Figure 4.9.5) and
determine the percentage of total energy consumed by the mining and manufacturing
sectors combined.

5 Elaine drives an EV to work each day in a building with solar panels. Explain how Elaine
could minimise her electricity bill at home without adding to the infrastructure of her home.
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SCIENCE
IN CONTEXT

BY THEENDOF THIS  , goscribe the use of solar energy in Australia and examine the reasons for adoption of solar

MODULE, YOU WILL
BE ABLE TO:

What is solar energy?

panels by individuals, industries and communities.

Solar energy is the process of converting the electromagnetic radiation from the Sun into
electricity or thermal energy. Solar cells or photovoltaic (PV) cells transform light energy
to electrical energy. Solar cells are usually grouped together in modules, which are further

Solar cell Solar module

P

A FIGURE 4101 Solar cells are grouped in modules and within panels
or systems for placement on roofs or in solar farms.

Solar use in Australia

Solar system

grouped together to form panels or systems
(Figure 4.10.1). Solar panels are placed on roofs
or in open fields on solar farms where they

can transform large amounts of light energy
into electricity. Solar energy production is a
renewable energy source because it does not
involve a fuel that is in limited supply. Using
solar panels does not generate greenhouse gases.

Australian researchers have led the way in the
development of solar cell technologies. The
passivated emitter and rear cell (PERC) solar
cell technology was invented by Australian
researchers at the University of New South
Wales in 1983. This technology remains the
basis for more than 85 per cent of all new
solar panel modules used globally.

Solar energy is the fastest growing electricity generation process in Australia. In 2023, solar
cells generated approximately 6 per cent of Australia’s total electricity.

A FIGURE 410.2 In 2023, rooftop solar panels generating more than
930 megawatts of power were installed on New South Wales homes.
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Globally, Australia has the highest uptake
of residential solar panel use, with one in
four homes running a solar panel system
(Figure 4.10.2). Homes use solar power to
generate electricity and to heat water.

Large-scale solar farms are used for producing
hydrogen fuel and energy for large-scale
heating and cooling systems (Figure 4.10.3).
They also provide electricity for industrial
processes and regions. As of May 2024,

there were 10 solar farms in operation in

New South Wales and another nine farms
under construction.
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The switch to solar

It is no surprise that solar energy is a popular choice in
Australia, given we are one of the sunniest countries

on the planet. Some of the many reasons people are

switching to solar are:

technological advancement resulting in cheaper and
more efficient solar cells

government investment in large-scale renewable
energy production

financial incentives (discounts and rebates) for
people and small businesses to install solar systems
‘feed-in tariff” schemes where residents and small
businesses can sell their additional electricity back

to the electricity supply and earn money A FIGURE 410.3  Solar farms are used in Australia for
large-scale electricity production.

personal choice to minimise environmental impacts.

@ LEARNING CHECK

9780170491785

1 Interview people you know who have had solar panels installed on their home or at

their workplace.
a Summarise their reasons for installing solar panels.
b List the reasons why other people do not have solar panels installed.

2 Identify three reasons why there have been so many solar panels installed in Australia.

For each reason, explain why and how it has resulted in more installations.

3 Create a flyer that could be dropped in letterboxes around your neighbourhood to

encourage people to install solar panels.

4 Look at the two cars in Figure 4.10.4.

a Compare how each car is powered.
b Evaluate which car you think is the better option.
¢ Discuss the advantages and disadvantages of powering a car with solar energy.

A FIGURE 4.10.4  Two different ways of powering cars
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4 REVIEW

[REMEMBERING

1 List the three ways electrical energy can
be produced.

2 Identify the following electrical energy sources as —1
either renewable or non-renewable: tidal energy, CX) CX) CX)

natural gas, biofuels, wind power and coal.

3 Label the components A-F in the circuit
diagram below.

B
O, (UNDERSTANDING )
c ® oic 6 Describe the process that occurs in an
electrical generator.
E
A 7 Explain the advantages and disadvantages of
(A) hydroelectric power generation.
| /\ 8 Describe the method of connecting a voltmeter to an
electrical circuit.
2
9 Explain the advantages of using a circuit diagram
rather than a sentence to describe a circuit.
4 Define the terms current and voltage. 10 a Calculate the current that would need to flow
5 Identify which of the following circuits is in through a bulb with 10 W of power when

connected to a 120 V power source.
b Determine the resistance of the bulb.

a series.
b parallel.

I~
)

)
%Y
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)

(aPpLYING

(EVALUATING

11 Predict the potential renewable energy sources of an
island in the Pacific Ocean near the equator that is
geologically active and mountainous and gets plenty
of sunshine and rain.

12 Explain why parallel circuits should be used in the
electrical wiring of households.

13 Determine what happens to the power output of a
light bulb in a simple circuit when the voltage is kept
constant and the resistance is doubled.

14 Identify the most appropriate form of renewable
energy for a desert community. Justify your choice.

(ANALYSING )

15 Australia is aiming to achieve a target of 82 per cent
renewable energy by 2030. Justify why investing in
battery and energy technologies is an important part
of that target.

16 Explain the lack of geothermal energy in Australia.

17 Consider how an ammeter is connected in a
circuit. Propose a reason that ammeters have very
low resistance.

18 Explain why global energy demand has increased
over the last 20 years.

9780170491785

19 Conduct some research and then evaluate the
effectiveness of financial incentives and policies
used by the NSW government to promote the use
of less energy. A good starting point is the NSW
Climate and Energy Action website.

-l
o‘:

Weblink
NSW Climate and
Energy Action

20 Discuss the issues limiting the uptake of battery
units by Australian households with solar panels.

(creaTING )

21 Robert is designing the lighting for a room and wants
three lights that can be turned on and off separately.
Draw a circuit diagram for an electrical circuit for
Robert’s lights that would allow this.

22 Create a poster to help primary school students
understand the need to use less electrical energy.
Include some simple ideas on how they can do this.
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DISEASE

A STUDENT:

» explains how an understanding of the causes
of disease can be used to prevent and
manage the spread of disease SC5-DIS-01

analyses data from investigations to identify
trends, patterns and relationships, and draws
conclusions SC5-WS-06

communicates scientific arguments with
evidence, using scientific language and
terminology in a range of communication
forms SC5-WS-08

© 2023 NSW Education Standards Authority
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CHAPTERS RELATED TO
THIS FOCUS AREA ARE:

» CHAPTER 5 - HOMEOSTASIS
» CHAPTER 6 — DISEASES
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Homeostasis

Homeostasis (p. 160)
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SCIENCE IN DEPTH
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A FIGURE 5.01  Sweating is one way our
bodies maintain a set body temperature.

Do you get really hot in summer or during exercise? In 2024, people
living in Wilcannia, in far west New South Wales, experienced a

44.9°C day, while the weather station at Smithville in the state’s far

@ DIVE INTO SCIENCE!

north-west recorded a temperature of 46.3°C. Air-conditioning and
sweating are two different ways of cooling down. Air-conditioning is

expensive, and generally not good for the environment. Sweating is
our body’s natural mechanism for cooling down; however, excessive
sweating can be life-threatening due to dehydration.

» What alternative, effective strategies can we choose instead of

air-conditioning to help us stay cool on a hot day?

Assessments

® Prior knowledge quiz

® Chapter review questions

® End-of-chapter test

® Depth study: Mind map and infographic

Videos

® Science skills in a minute: Using a microscope (5.6);
Identifying trends (5.9)

® Video activities: Nervous system (5.2); The brain (5.4);
Endocrine system (5.5); What is diabetes? (5.10)

Science skills resources

® Science skills in practice: Using a microscope to
examine cells (5.6); Identifying trends (5.9)

® Extra science investigations: Negative feedback loops (541);
Dissecting a spinal cord (5.2); Dissecting a brain (5.4)

Interactive and other resources

® Drag and drop: Different types of neurons (5.3);
Maintaining body temperature (5.7)

® | abel: Parts of the brain (5.4); Negative feedback
loops (5.8)

® Worksheets: Colour in a neuron (5.3); Endocrine
glands (5.5); Multiple sclerosis (5.5)

~¢Nelson MindTap

9780170491785

To access resources above, visit
cengage.com.au/nelsonmindtap
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BY THE END OF

A T ) v define homeostasis, positive feedback mechanism, negative feedback mechanism,
WILL BE ABLE TO: stimulus, receptor, coordinating centre, effector and response

v draw a model of a negative feedback mechanism and describe each step
v explain the function of a negative feedback mechanism in relation to homeostasis.

:" GET THINKING

i
If you observe the eyes of a cat in different conditions, you will notice that their pupils change.
IE:::;;;:‘:: Why does this change happen? Do you think this is a voluntary or involuntary response?
Negative feedback
loops

Homeostasis is a balancing act

On hot days, setting your air-conditioner to a specific temperature keeps your house at a
constant, comfortable temperature. When the temperature of the room goes above or below
the set temperature, the air-conditioner’s sensors detect the change, and the air-conditioner
switches on or off. Similarly, when your body’s temperature rises above or below 37°C,
processes inside your body ‘switch on’ or ‘switch off” to regulate your body’s temperature and
keep it stable. The balancing act of maintaining a stable internal environment is one part of

homeostasis homeostasis. All organisms need homeostasis to survive changes in the external environment.
the maintenance of
a constant internal

enionmentnecessary | 0lerance range and homeostasis

for survival

Your body responds to changes in internal or external conditions, such as temperature, blood
tolerance range

the range of a particular glucose levels, water and salts, and uses different processes to keep internal factors within
‘;gzg':'h‘;r; g‘:'c‘)jreg:;?sm the specific ranges you can tolerate. This known as a tolerance range. If the conditions inside
can survive your body change too far from these ranges, you can become sick or even die (Figure 5.1.1).

Tolerance range

Zone of Zone of | Optimal range |

Zone of Zone of
intolerance stress | | stress intolerance
@ g 2
I = c
2 3 3
S 2 2
6 @ @
5 E E
z > 2
S| & :
z 5 %
S o
» FIGURE 5.1

For survival,

internal factors 2

need to be I

maintained within g Too cold Temperature Too hot

a tolerance range. .; IS

The body works o 3
O Y=

best when these = Too acidic pH Too alkaline

factors are within E

optimal range. i
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Our bodies function best when factors are within an optimal range. Beyond this range, our
bodies become stressed, but we can usually survive unless the factor deviates into the zone
of intolerance. Different organisms have different ranges within which they can survive.

Stimulus—-response models

Scientists have developed a model called the stimulus-response model to help us
understand the mechanisms that work to maintain our body’s constant internal
environment (Figure 5.1.2).

Negative feedback restores factor to normal

o Factor * Negative Positive
Factor eg. . increases feedback feedback
ROIMaIN Temperature | CHmulus OR Response  OR reinforces
« Factor e Positive factor
decreases feedback
A FIGURE 51.2  The stimulus-response model
Stimulus: detecting change
A stimulus is a mechanism that causes a change in the environment (inside or

outside the body) that can be detected by one of the body’s receptors. For example,
an increase or decrease in environmental temperature (e.g. a cold wind) is a stimulus.
A receptor is any part of the body (cell, tissue or organ) that can receive information
from a stimulus. For example, thermoreceptors in the skin and brain are receptors
for temperature. A receptor detects a stimulus when conditions go above or below

its normal narrow range. So, when your body is cold in winter or hot in summer,
receptors will detect these changes.

Response: reacting to change

A coordinating centre receives information from the receptor, processes the information
and coordinates a response. For example, the hypothalamus is the part of the brain that
acts as the coordinating centre for temperature regulation. The coordinating centre sends
signals to an effector to carry out a response. An effector is any muscle or gland that does
the work to return the body’s condition to normal. For example, when your body is too
cold, the hypothalamus sends a message to muscles attached to your hair follicles, telling
them to contract. This makes your hairs stand up and conserves heat. You may know this
as ‘goosebumps’.

Returning to normal range

A response is the action the body takes after a stimulus, usually to return conditions
inside the body to the normal range. When the response reduces the condition or factor
back to its optimal range, the mechanism is known as negative feedback. When the
response makes the condition or factor move further away from normal, the mechanism
is called positive feedback.

9780170491785

End point

stimulus
a change in a factor above
or below the optimal range

receptor

a specialised cell that
detects a stimulus; may
be internal or external

coordinating centre

an organ or tissue that
receives and processes
information from receptor
cells and coordinates
aresponse

response

the action a body takes
due to detection of a
stimulus, usually to return
conditions inside the body
to the normal range

effector

a muscle or gland that
receives a message from
the coordinating centre
and carries out a response

negative feedback

a mechanism in which

a response reduces a
condition or factor back to
its optimal range

positive feedback

a mechanism in which a
response reinforces the
condition or factor until an
end point
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@
eg'a’\‘\‘ o, Normal/optimal
\\}‘eedy value
Response Stimulus

Receptor

\ Coordinating /

(control) centre

A FIGURE 51.3 A negative feedback model

Negative feedback

When the body detects a stimulus, it will
act to restore normal conditions. The effects
of the stimulus can be reduced through a
negative feedback mechanism.

We use the negative feedback model to
understand the steps involved in homeostasis.
The model represents homeostasis as a
circuit, which suggests this process occurs
continuously inside our bodies. However,

in reality it is a bit like the air-conditioner
that switches on and off to bring the room
temperature back to the set temperature.

The negative feedback mechanism can be
modelled by a flow diagram (Figure 5.1.3).

Positive feedback

If a response forces a stimulus to increase
instead of returning to normal, the mechanism
is referred to as positive feedback. Positive
feedback is rare. One example is blood clotting.
When skin is cut, special white blood cell

fragments, known as platelets, release clotting factors. This causes more platelets to be
transported to the wound to help form a clot, preventing blood loss and forming a scab.
Positive feedback continues until a certain point has been reached, such as the finished

formation of a blood clot.

% ACTIVITY Ice bucket challenge

Have you done the ice bucket challenge? Many celebrities fundraise for charity.

in Figure 5.1.4.

Analysis

cold water represent?

a &~ WD

A FIGURESA1.4 Th
ice bucket challenge

162 Science in Focus | Stage 5 NSW

The challenge involves pouring a bucket of ice water over your head, as shown

1 Look at the stimulus—response model in Figure 5.1.2. What part of the model does the

What is the effect of the cold water on the internal temperature?
How does the body respond to this change to return to ‘balance’?
Do you think that the body'’s internal temperature remains constant at all times?

Create a flow chart like the stimulus—response model to explain how the body uses
homeostatic mechanisms during the ice bucket challenge.

9780170491785



@ LEARNING CHECK

1 Define homeostasis.
2 Describe negative feedback.
3 Describe two examples to illustrate the stimulus—response model.
4 Compare and explain the principles of negative and positive feedback mechanisms by
copying and completing the following table.
Principle Negative feedback Positive feedback

Role in homeostasis and the
survival of an organism

Deviation of factor
(e.g. temperature) from normal

Frequency (frequent or rare)

5 Look at the homeostasis feedback mechanisms used to maintain constant temperature
inside the body, shown in Figure 5.1.5.

a Identify and explain the role of sensors, the control centre and effectors in the
feedback mechanism.

b You are snowboarding and your jacket is not warm enough. Create your own
annotated version of Figure 5.1.5 to show how your body will regulate its temperature
while snowboarding.

Heat Cold

Hypothalamus @
<>

Signalsﬂ , Signals
<><> <><> Blood vessels
contract
Sweat glands P

g Muscles shiver

<><> v

Normal temperature Normal temperature

<>

VectorMine/Shutterstock.com

Hypothalamus

<

A FIGURE 51.5 Homeostatic feedback mechanisms for body temperature
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

nervous system

v compare the structure and function of the central nervous system and the peripheral

v label diagrams that represent the central nervous system and the peripheral nervous system.

GET THINKING

Imagine a family road trip through a city and along a highway. How could you compare the
nervous system to a road system? What could be represented by the ‘cars’, roads’, ‘traffic

central nervous
system (CNS)
the brain and spinal cord

nerve

a collection of fibres,
surrounded by a
protective coat, that
transmit messages as
nerve impulses to and

from the CNS coordinating responses.

Brain
Central

nervous

Spinal cord | System

Peripheral
Nerves:|~ nervous

system

N\

A FIGURE 5.21  The two parts of the nervous system: the central
nervous system (red) and the peripheral nervous system (blue)

164 Science in Focus | Stage 5 NSW

lights’ and ‘traffic jams’ in this analogy?

Parts of the nervous system

Animal systems depend on the nervous system as a communication network. Specific
functions of the nervous system include monitoring change, transmitting messages and

The nervous system consists of two parts: the central
nervous system and the peripheral nervous system, as
shown in Figure 5.2.1.

Central nervous system

The central nervous system (CNS) consists of the brain
and spinal cord. Its function is to detect a stimulus,
interpret and process information, and coordinate a
response. The CNS is connected by nerves to receptors
in tissue where our five senses are at work: sight,
hearing, taste, touch and smell. When the brain or
spine receives information from the receptors, they
coordinate a response. Responses vary enormously
and include avoiding danger, resetting body
temperature and readjusting our eyes to manage
bright light.

Peripheral nervous system

The peripheral nervous system (PNS) is made up of a
network of nerves outside the brain and spinal cord.
The nerves are made of nerve fibres that transmit
messages in the form of nerve impulses to and from
the CNS.

9780170491785



Messages travel along nerves in the PNS.
Each nerve is a collection of nerve fibres,
as shown in Figure 5.2.2. Nerves extend /
from the spinal cord to all muscles, glands

. Collection of
and organs in the body. nerve fibres

The PNS consists of all the nerves

coming out of the brain and the spinal

cord. It provides the CNS with sensory

information to form responses to stimuli. )
Nerve fibre

Functionally, the PNS is divided into the (axon)

autonomic nervous system (which

controls involuntary responses) and the

somatic nervous system (which controls A FIGURE 5.2.2 The structure of a peripheral nerve in the human body

voluntary movements) (Figure 5.2.3).

peripheral nervous

system (PNS)

the network of nerves

of, such as sweating, shivering, the beating of our heart and insulin release. outside the brain and
spinal cord

The somatic nervous system performs voluntary functions that we are conscious of, such  ,orve fibre

The autonomic nervous system performs involuntary functions that we are not conscious

as muscular movements required to walk, eat and game. the section of a nerve cell
that carries nerve impulses

away from the cell body

nerve impulse

an electrical message that
Nervous system is transmitted along nerves

to and from the CNS

«l
| | P4
e
Peripheral nervous system
(sensory and motor Video activity

functions) Nervous system

Central nervous system
(integrative functions)

| Extra science
investigation

| | Dissecting a

spinal cord

Autonomic nervous system
(smooth muscles,
cardiac muscles,

gland effectors)

Somatic nervous system
(skeletal muscle
effectors)

A FIGURE 5.2.3 The parts of the nervous system

e LEARNING CHECK

1 State the main parts of the CNS and the PNS.

2 Draw a diagram showing the distinct parts of the CNS and the PNS.
3 Describe the function of the autonomic part of the PNS.
4

Research more about the functions of the autonomic and somatic nervous system.
Construct a table to compare them and describe two examples for each system.

5 Create a crossword with the key words from this module.
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BY THE END OF
THIS MODULE. YOU
WILL BE ABLE TO:

«l
o‘:

Interactive resource
Drag and drop:
Different types

of neurons

Other resource
Worksheet: Colour
in a neuron

neuron

a specialised cell that can
transmit nerve impulses;
also known as a nerve cell

dendrite

a branching network at
the end of a neuron that
receives information from
other neurons

cell body

the part of a neuron that
contains the cytoplasm,
including the nucleus

axon

a long, thin fibre that
carries electrical impulses
from the cell body of a
neuron towards the

next neuron

myelin sheath

a protective coat around
an axon that increases the
speed of nerve impulses

166 Science in Focus | Stage 5 NSW

v define and draw labelled diagrams of a neuron, a sensory neuron, an interneuron and a
motor neuron

v compare and classify different types of neurons
v describe how neurons transmit messages and describe the function of a neurotransmitter.

GET THINKING

Prepare a concept map to summarise the content in Modules 5.1 and 5.2. As you work
through Modules 5.3-5.5, add new information to your concept map. You may wish to
include diagrams to help your understanding.

Neurons

Information is carried around the human body at mesmerising speeds, up to 120 metres
per second (ms™). The structures that carry the information are highly specialised nerve
cells called neurons. There are an estimated 100 billion neurons in the brain and spinal
cord combined, and many more specialised neurons in the peripheral nervous system.

As shown in Figure 5.3.1, a neuron has branching, finger-like structures called dendrites
around much of its cell body that receive information from other cells in the form of
chemical signals. The cell body contains the nucleus. A long, thin fibre, called an axon,
extends from one side of the cell body. Electrical signals flow along the axon towards
the next neuron. The myelin sheath is a fatty, insulating layer around each axon.

The functions of each part of a neuron are described in Table 5.3.1.

Sometimes the myelin sheath is damaged. This can be the result of a disease known as
multiple sclerosis — a disease that results in nerve damage and causes symptoms such as
weakness, fatigue and blurry vision.

Cell body
(soma)

Axon

Direction of
electrical impulse

Nucleus

Dendrite —
Axon terminal

A FIGURE 5.31  The basic structure of a neuron and the direction of the nerve impulse
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v TABLE 5.31 The basic neuron structures and their functions

Structure Functions

Dendrite Receives information from other neurons in the form of chemical signals

Cell body Contains the nucleus

Axon Conducts (carries) electrical impulses from the cell body, or another cell's dendrites,

to the end of the neuron (axon terminals)

Myelin sheath Increases the speed of nerve impulses

Provides an insulating (high electrical resistance) fatty layer that protects the nerve
fibres from other electrical signals

Neuron communication

A neuron conducts an electrical signal along its axon, as shown in Figure 5.3.1. In some
cases, the signal needs to transform into a chemical signal to flow across the gap (synapse)
between most neurons. If there were no gaps, the network of neurons would conduct the
electrical impulses continuously and uncontrollably. Imagine your home without light
switches. You would not have any control over switching the lights off and on.

Synapses provide some communication control. When an electrical impulse arrives

at the axon terminal, it activates the release of a neurotransmitter (Figure 5.3.2). The
neurotransmitter delivers the message across the synapse to the dendrite of the next
neuron, or a muscle or gland cell. At the synapse, the impulse can be modified to be
made bigger or smaller depending on the needs of the body. Once the message has been
delivered across the synapse, the message is converted back into an electrical impulse.

. LL—Axon terminal
Dendrite of neuron;
has receptors for 'Z X\ /Neurotransmitter

neurotransmitters

Synapse

\[ Electrical SN //_

l//impulses
Dendrite x’
/ Neuron
@)
Electrical
impulses
> —
A
A
~§ -t A

Axon

A FIGURE 5.3.2  Neurotransmitters pass messages across a synapse from the axon terminal of one
neuron to the receptors on the dendrite of the next neuron.

synapse
the gap between
two neurons

neurotransmitter

a chemical signal that
delivers a message
across a synapse, to be
converted back to an
electrical impulse
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Three types of neurons

Figure 5.3.3 shows the structure and function of the three main types of neurons -
sensory neurons, motor neurons and interneurons. The function of each type is possible
because of their unique structure. They can be classified according to the direction in
which they send nerve impulses.

sensory neuron ® Sensory neurons have sensory structures that detect changes in their environment.
a neuron that sends . . . . .

electrical impulses from They send an electrical impulse with this information towards the CNS

receptors to the CNS (afferent direction).

afferent direction ® Interneurons are shorter neurons that have many branching dendrites to
from the sensory receptor

towards the central communicate a lot of information between sensory neurons and motor neurons.

nervous system . L .
interneuron ® Motor neurons have long axons reaching effector muscles or glands with information

a short neuron that sends sent from the CNS (efferent direction).
nerve impulses between

sensory and motor
neurons within the CNS

Central nervous Perioheral
motor neuron system (spinal cord eriphera
a neuron that sends d brain) nervous system
electrical impulses from Gl LTIy
the CNS to effectors
efferent direction MG erminals Cell bOdi
from the central nervous O Direction of nerve
system to the effector v impulse (afferent)
(muscle or gland) «—

| I
Central Peripheral axon
axon

Sensory

Cell bod

Direction
of nerve
impulse

Direction of
nerve impulse
(efferent)

Effector organ
(muscle or gland)

Axon

Axon terminals
Cell

A FIGURE 5.3.3  The three types of neurons work together to send nerve impulses towards and
away from the CNS.

The structures and functions of these three types of neurons are summarised in
Table 5.3.2.

168 Science in Focus | Stage 5 NSW 9780170491785
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v TABLE 5.3.2 The structure and function of the three main types of neurons

Structure

Location

Function

Direction of
impulse

Sensory neuron

One relatively long axon, with sensory
receptors at one end, and dendrite
branches at the other end, and the cell
body positioned between the two

Sensory organs such as eyes and skin
in PNS

To detect changes and transmit nerve
impulses towards spinal cord or brain

From sensory receptors to CNS
(afferent direction)

@ LEARNING CHECK

1 Visit the Queensland Brain Institute website to view various stained microscope images P
of neurons. Observe and describe a typical neuron.

2 Define neurotransmitter.

3 Three common neurotransmitters are acetylcholine, serotonin and dopamine. Choose

Interneuron

Relatively short axons with cell body
and numerous branching dendrites

CNS, within brain and spinal cord

To transmit nerve impulses from a
sensory neuron or other interneurons to
a motor neuron or other interneurons

Between sensory and motor neurons

one to research. Write five sentences about its function.

4 Explain why the axon part of a neuron is covered in myelin.

Motor neuron

Many branching dendrites at one end
of a large cell body with a long axon
ending with axon terminals

Dendrites in CNS; axon terminals
in PNS

To transmit nerve impulses from brain
and spinal cord to a muscle or gland
to carry out a response

From CNS to an effector muscle or a
gland (efferent direction)

«l
e

Weblink
Queensland
Brain Institute

5 Investigate the speed of your nerve impulses (reaction time). Ask a partner to hold
a ruler between your thumb and first finger (don’t grip the ruler). Line up Ocm at your
finger. Your partner drops the ruler while you try to catch it. Record the length on the
ruler where you caught it (Figure 5.3.4). Swap and repeat. The person with the shortest
length may have the fastest impulses!

A FIGURE 5.3.4

9780170491785
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Testing reaction time with a ruler
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@ The brain

BY THE END OF

DULE, - .
Tw":ll_f_ ':gA:LE TL?U pituitary gland, hypothalamus and brain stem

v describe the structures and functions of the brain and its parts: cerebrum, cerebellum,

v explain how changes to the brain can affect body functions.

:l: GET THINKING

1

What do you think happens inside your brain when are you listening to music or reading?
How many areas of your brain do you think are working together right now? After you read
this module, reflect on which part of the brain fascinates you the most.

Video activity
The brain

Interactive resource
Label: Parts of

the brain
Extra science B ra I n fa CtS
investigation
Dissecting a brain What memories do you have of last school holidays? Where are those memories filed away?

They are stored in a very complex organ, the brain. Situated within the protective bones
of the cranium (skull), the brain is about 1.4kg of living tissue that does your thinking,

brain

a very complex organ; learning, feeling and remembering. The brain is the coordinating centre of the CNS.

the coordinating centre

of the CNS The brain contains grey matter (mostly neuron cell bodies) and white matter (mostly
bundles of axons found in the interior part of the brain). Nerve impulses between
neurons are generated when the brain is performing its major functions such as learning
new things, feeling emotions, monitoring and analysing sensory information, and
coordinating a response.

hemisphere The brain has a symmetrical structure: it has a right hemisphere and a left hemisphere.

one of the two
symmetrical halves

of the brain advancements in brain imaging such as magnetic resonance imaging (MRI). The left
hemisphere controls motor function on the right side of the body and the right hemisphere
of the brain controls motor function on the left side of the body. The image in Figure 5.4.1a
was made possible because of MRI.

Most of the knowledge we have today about the brain was gained through technological

a Corpus callosum Thalamus
Pituitary gland

Cerebrum Midbrain

Pons

Cerebellum

Medulla
oblongata

Spinal cord

A FIGURE 5.41 (a) An MRI image of one hemisphere of the brain. The brain stem consists of the midbrain, pons and
medulla oblongata (marked in red). (b) The symmetrical structure of the brain: the hemispheres.
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External brain anatomy

The largest part of the brain, the cerebrum, is above the cerebellum and brain stem.
Major functions of the cerebrum include controlling movement, learning, emotion,
memory and perception. The wrinkly, grey, outer layer is the cerebral cortex, the
information processing centre of the brain. Scientists studying the brain have found
that four sections of the cerebrum, called lobes, carry out distinct functions, as shown
in Figure 5.4.2.

The two hemispheres communicate via the corpus callosum, which is a collection of
axons that extend across the two hemispheres. The corpus callosum is near the centre of
the brain. It allows comparison and combination of the sensory inputs from the left and
right sides of the body.

The cerebellum is tucked under the cerebrum and behind the brain stem. When the
cerebellum is damaged or old, people become uncoordinated and can lose their balance.
This indicates that some of the functions of the cerebellum include coordination when
moving, and balance; for example, when walking.

The brain stem consists of the midbrain, the pons and the medulla oblongata.

® The midbrain receives sensory information, such as sight and sound, and transfers it
to the cerebrum.

® The pons transmits messages between the PNS and midbrain.

¢ The medulla controls automatic (and involuntary) activities such as breathing, heart
rate, digestion and vomiting.

cerebrum

the largest part of the
brain; controls movement,
learning, emotion, memory
and perception

cerebellum

a smaller section at the
back of the brain; controls
movement and balance

brain stem

consists of the midbrain,
the pons and the

medulla oblongata;
controls automatic and
involuntary activities such
as breathing, heart rate,
digestion and vomiting

corpus callosum

a collection of axons
that extend across the
two hemispheres of the
brain that compares and
combines the sensory
inputs from the left and
right sides of the body

Cerebrum (parietal lobe)

Cerebrum (frontal lobe)

e Touch perception
® Body orientation and
sensory discrimination

e Motor control
e Problem-solving
e Speech production

«
e Auditory processing (hearing)

e Language comprehension

e Memory/information retrieval
e Balance and

coordination
Brain stem

e Involuntary responses

A FIGURE 5.4.2  The external anatomy of the brain
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Cerebellum

\ Cerebrum (occipital lobe)

o Sight
e Visual reception and
visual interpretation
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hypothalamus

an almond-sized structure
of the brain; plays a major
role in homeostasis

pituitary gland

a gland that produces
and releases several
hormones; is connected
to, and is controlled by,
the hypothalamus

homeostatic
related to homeostasis

secrete

produce and release
a substance (often a
hormone or enzyme)

172
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Internal brain anatomy

The hypothalamus works with the pituitary gland to play a major role in homeostasis.

The hypothalamus (hypo = low) is located below the cerebrum and in front (anterior)

of the brain stem (Figure 5.4.3). Although it is only the size of an almond, it has important
homeostatic and other functions. Major functions of the hypothalamus include:

® detecting changes in temperature and water levels within the body
® coordinating negative feedback responses

e regulating hunger and thirst

e controlling the fight-or-flight response

® producing hormones

® controlling the pituitary gland.

Feeling thirsty? The hypothalamus produces antidiuretic hormone (ADH) and stores it
in the pituitary gland. Your pituitary gland can release ADH when you need to conserve
water and one of its effects is to make you thirsty. The pituitary gland can secrete
(produce and release) many other hormones, such as growth hormones, which are
essential for homeostasis and sexual development. The pituitary gland sits just under
and is connected to the hypothalamus.

If a person’s brain is injured (e.g. by a sudden force to the head, called a traumatic brain
injury) the hypothalamus and the pituitary gland may not function properly. If this
happens, it can reduce the person’s growth or weight gain, or they may have unregulated
internal water levels and body temperature. These symptoms are caused by less of various
important hormones being produced by the damaged structures in the hypothalamus
and the pituitary gland.

Cerebrum

Temporal lobe

Frontal Parietal

lobe

Corpus
callosum
Occipital
Thalamus lobe
Hypothalamus

Pituitary Hippocampus

gland
Midbrain

Pons / Cerebellum
Medulla
oblongata
A FIGURE 5.4.3  The internal anatomy of the brain
9780170491785
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@ LEARNING CHECK

1 Identify the part of the brain that controls several homeostasis processes in the body.
2 Describe the structure of the brain in two or three sentences.

3 Summarise the functions of different parts of the brain by copying and completing the
following table.

Part of the brain Function
Corpus callosum

Brain stem

Pituitary gland

Cerebellum

Hypothalamus

4 An F1 driver recently suffered a traumatic brain injury during a car accident. One of his
symptoms is that he is excessively thirsty all the time. What information about the brain
could you share with the driver that may help him understand the cause of this disruption
to water homeostasis? Research traumatic brain injury to find other symptoms.

5 Copy the following diagram and label the main parts of the brain’s external anatomy.
In each box, add an example of its function (e.g. cerebellum: balance when riding
a skateboard).

—<(T

6 Observe the MRI image in Figure 5.4.4. It
shows a damaged area in the top of the left
hemisphere. What part of the brain is
affected? Discuss what body functions could
be impaired by the damage.

Puwadol Jaturawutthichai/Shutterstock.com

» FIGURE 5.4.4 An MRI of
a brain, showing a damaged
area (highlighted red)
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@ The endocrine system

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Video activity
Endocrine system

Other resources
Worksheets:
Endocrine glands

Multiple sclerosis

endocrine system

a network of glands that
secrete hormones into
the bloodstream to be
transported to target cells

gland
a tissue that
releases hormones

hormone
a chemical messenger
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v describe the endocrine system, including the main glands and their major hormones
and functions

v describe, explain and compare the functions of different types of hormones
v compare the endocrine and nervous systems and demonstrate their interdependence.

GET THINKING

Return to the concept map you started at the beginning of Module 5.3. Do you now have
more information to add to the map? Scan this module to preview which vocabulary and
concepts you could add.

Endocrine system

The endocrine system consists of a network of glands that secrete chemical messengers —
hormones - into the bloodstream (Figure 5.5.1). In the bloodstream, hormones are

transported to receptors, which receive the information. The messages instruct organs to
perform a variety of responses needed for homeostasis, sexual development and survival.

Hormones travel in the blood from a gland to a targeted receptor on a cell. Generally,
hormones provide a slower communication system than electrical messages (nerve
impulses), but they can have a longer effect. For example, hormones that are responsible
for reproductive development cause a slow gradual response compared with the
instantaneous nervous response of shivering when you are cold.

Dee Breger/Science Photo Library

A FIGURE 5.51 A coloured scanning electron micrograph of the
secretion of thyroid hormones from thyroid tissue. Hormones enter the
capillary network (blue) and circulate throughout the bloodstream.

The main human endocrine glands

Are you still growing? During puberty, and for a few years afterwards, you may experience a
series of growth spurts due to growth hormones released by the pituitary gland. Endocrine

glands secrete hormones directly into the bloodstream. They regulate many human body

9780170491785



functions, including growth.
Figure 5.5.2 shows the location of
the main endocrine glands: the

Hypothalamus
Pituitary gland \ /

. ] % Pineal gland
hypothalamus, pituitary, thyroid,
parathyroid, pancreas, thymus, Thyroid gland )

i L. y Parathyroid glands
gonads (testes in males and ovaries in \ooo (behing thyrgid gland)
females), pineal and adrenal glands.

P Thymus gland

Hormones
Hormones secreted by the Adrenal glands
hypothalamus, pituitary, thyroid,
parathyroid, pancreas and adrenal Kidney
glands are involved in negative \ (2 Stomach
feedback mechanisms. Hormones ~ Small R \

intestine

can be classified according to their Adipose tissue

chemical class, as:
Pancreas

\ Testes (ma|e)

A FIGURE 5.5.2 The human endocrine glands (shown in yellow)

e water-soluble proteins (long
chains of amino acids)

Ovaries _’/

(female)

® peptides (short chains of
amino acids)

e amines (hormones made from a
single amino acid)

e fat-soluble steroids (made from
the lipid cholesterol).

The chemical class helps us predict their action when they arrive at a target cell.
Some examples of hormones and their functions are listed in Table 5.5.1.

v TABLE 5.51 Some of the human endocrine glands, major hormones and their functions

Gland Hormone example Hormone class Hormone function
Pituitary gland Antidiuretic hormone Peptide Controls water regulation by
(ADH) increasing reabsorption of water
in kidneys
Growth hormone Peptide Stimulates growth
Thyroid gland Thyroxine Protein Controls metabolic rate
Pancreas Insulin Protein Lowers blood glucose level
Glucagon Protein Raises blood glucose level
Ovaries Progesterone Steroid Regulates the menstrual cycle;
prepares and supports the
process of pregnancy
Testicles Testosterone Steroid Develops and maintains male
sexual characteristics
Pineal gland Melatonin Amine Regulates the biological
‘sleep—wake’ rhythm
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The main steps of how a hormone works are summarised in Figure 5.5.3.

Hormone binds and Target cell
Endocrine gland Hormone travels Hormone arrives — E:_:g‘éatti? (S 5:2'::? — (e re?ﬁggﬁes
secretes hormone through blood at target cell P 9
membrane or glucose
inside cell) absorption)

A FIGURE 5.5.3 How a hormone works

Endocrine and nervous systems working together

The endocrine and nervous systems act separately and together to communicate about
and regulate body functions. The hypothalamus plays a major role in coordinating the
endocrine and nervous systems. The hypothalamus receives sensory information from
the nerves. In response, it uses a combination of endocrine and nervous messaging.
The pituitary gland extends down from the hypothalamus and is joined to it by axons.
Hormones produced in the hypothalamus can be transported through the axons to the
pituitary gland for storing.

Endocrine glands secrete hormones that travel through the blood to coordinate slower,
longer-acting responses to stimuli. The nervous system uses fast electrical nerve impulses
along neurons. The two systems can work together to achieve homeostasis, development
and reproduction.

@ LEARNING CHECK

1 Describe how a hormone works, step by step.

2 Copy and complete the table of glands and hormones by adding the missing
information. Extend the table by adding three more glands and their hormone examples
and functions.

Gland Hormone example Hormone function

Pituitary gland Controls water regulation by increasing
reabsorption of water in kidneys

Growth hormone Stimulates growth
Insulin
Glucagon

3 Create a table with one similarity and two differences between hormones and
nerve impulses.

4 Explain the separate and combined roles of the endocrine system and nervous system.
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» selecting and using appropriate microscope equipment, including digital technologies, to record and

communicate structures involved in homeostasis

» analysing and connecting a variety of data and information to identify and explain relationships.

Using microscopes

Microscopes can magnify objects up to 400 times their
actual size, which is why we use microscopes to see
some cells. Using microscopes is an important science
skill. When using a microscope, remember the following:

» Carry the microscope with two hands.

 Click the lowest objective lens into place first. After
focusing images on a low magnification, turn the
revolving nose to click higher objective lenses into place.

 If your school owns a digital microscope, you can
use it to capture and record images or videos on a
computer. You can use your laptop if it is compatible.

* To calculate total magnification, multiply the objective
lens magnification by the eyepiece lens magnification.
Look for the values on the microscope parts.

Locating cells under a microscope is difficult. Use a
combination of viewing specimens under the microscope
and looking at photos of stained specimens.

Draw and label a section of what you see, such as
Figure 5.6.1. Figure 5.6.2 shows the labelled parts of
the microscope.

Delta cell «l
P 4
(T

Alpha cell__/

Beta cell Video
Science skills in
a minute: Using a
microscope

'/

Science skills
resource
Science skills in
practice: Using
a microscope to
examine cells

Capillaries

A FIGURE 5.614 A sketch of an islet

of Langerhans
Revolving

Eyepiece/
ocular Iens‘
// nose piece

Arm e -
¢ Objective lens
¢ Slide holder
Slide
Fine focus —o 1 Stage

Coarse focus ' Condenser
I 1 Iris diaphragm

Base
~__ Light source

On/off switch

A FIGURE 5.6.2 The parts of a microscope

MICROSCOPE INVESTIGATION OF PANCREAS AND BRAIN CELLS

The pancreas is an endocrine gland that secretes hormones
for blood glucose regulation. The hormone-producing
cells are in clumps called islets of Langerhans. The brain

9780170491785

controls all the body’s nervous system functions, such as
breathing, voluntary movement and sensory processes.
Neurons are cells that transmit information between the
brain and the rest of the body.
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(A”V‘ j 6 Focus a section of the specimen under high
magnification. Draw a diagram of one islet,

To conduct a microscope investigation of the islets of labelling what you can. Include a title and the total
Langerhans (the site of alpha and beta cells) and the magnification next to each of your diagrams. You
structure of brain cells (neurons) may see something like Figure 5.6.3a.
(MATERIALS AND EQUIPMENT j 7 Repeat steps1.—6 with the brain cells

(neurons) specimen.

o prep.ared and.staineq specimen of a pancreas 8 Conduct an internet search of at least 10 different
section showing an islet of Langerhans microscope photos of islets of Langerhans. Draw
© prepared and stained specimen of brain cells one more sketch, one-third of a page in size, labelling

M access to the internet the islet of Langerhans, and alpha and beta cells.
© light microscope 9 Search online for images of brain cells. Draw the cells
™ digital microscope (optional) and label axons, dendrites and cell body. An example
of a suitable image is shown in Figure 5.6.3b.
(PrOCEDURE )
. . . (aNALysIs )
1 Set up your microscope by turning on the light and
positioning the stage close to the objective lens. 1 Describe the location of alpha and beta cells.
2 Turn the revolving nosepiece until the lens with the 2 Describe the difference between the pancreas cells
lowest magnification clicks into place. and the brain cells in terms of the structures you
3 Place a prepared slide of an islet of Langerhans on can see.
the stage and use the stage clips to secure it in place. 3 Describe what you could see under low power
4 Turn the coarse focus knob slowly until the image compared with what you could see under high
comes into focus. Without any further adjustments, power for both specimens, pancreas and brain cells.
turn the lens with the next highest magnification 4 Evaluate the pros and cons of using a light
into position. Adjust the fine focus knob until the microscope compared with using an electron
image is in focus. microscope to look at these cells.

5 Draw a sketch of what you see under low
magnification, showing the distribution of islet (CONCLUSK)N )
cells. If the parts are stained, identify and label
them on your diagram.

Write a scientific conclusion for this investigation.

Ed Reschke/Stone/Getty Images
Kateryna Kon/Dreamstime LLC

‘n el > .}’ - J . =~

O 5 (5

A FIGURE 5.6.3  (a) A light micrograph of pancreas cells. An islet of Langerhans shows as a patch of
pale cells. (b) A light micrograph of human brain tissue, showing neurons with cell bodies and axons
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@ Temperature regulation

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v explain how and why body temperature is controlled

v describe several mechanisms that help control body temperature

v draw a labelled negative feedback loop for temperature regulation.

GET THINKING al
P4

| ¥ J
Working in groups of three, discuss what happens when you exercise, stand outside on a hot
day or dive into a cold swimming pool. How long does it takes for your body to stop feeling '"t;ractivedrzswrce
rag an rop:
hot or cold? Write some dot points with your ideas. Miintainingp

body temperature

Temperature variation

Humans are exposed to extreme variations in temperature. In 2022, the temperature in
Australia ranged from -11.7°C to 50.7°C.

&

A FIGURE 571 Australia experiences
extreme temperature variations from (a) hot to
(b) cold. (c) Even small temperature deviations in
the body’s core temperature can have significant
impacts.
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Regardless of these changes in the external environment, our internal body temperature
must stay close to 37°C. Small deviations away from this temperature can cause a range

of medical issues (Figure 5.7.1c). Just 5°C above our normal 37°C can cause death

from heat stroke. This means that humans have a relatively small tolerance range and a

narrow temperature setting for optimal activity. How do we regulate our temperature to
stay within such a small tolerance range?
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insulating

reducing the transfer/loss

of heat

Mechanisms of temperature regulation

The human body has several mechanisms for regulating internal body temperature:

® Behavioural mechanisms are simple actions you can take to change your
temperature, such as moving into cold water to cool down or moving into a sunny
spot or putting on a coat to warm up.

e Structural mechanisms are built-in physical features that help to regulate body
temperature, such as a thick, insulating layer of hair on your head to keep your
head warm.

® Physiological mechanisms are internal mechanisms that your body does automatically.
They are controlled by both your nervous system and your endocrine system, and
coordinated by the hypothalamus. We will focus on these for the rest of the chapter.

Mechanisms that are responses to when your body temperature rises above 37°C include:

® sweating

e dilation of blood vessels

® adecrease in metabolic activity.

Mechanisms that are responses to when your body temperature drops below 37°C include:
® shivering
® constriction of blood vessels

® an increase in metabolic activity.

Sweating and shivering

When the temperature increases, it may cause your sweat glands to open. Sweat made of
water and salt is released, and the water draws heat from your body as it evaporates. As
the water vapour moves into the surrounding air, it takes the heat energy away with it,

evaporative cooling cooling your body down. This effect is known as evaporative cooling. Figure 5.7.2 shows

the cooling effect
that occurs when
water evaporates

180

where sweat glands are found in the skin.

In contrast, shivering is a reflex action activated when you are very cold. Muscles rapidly
contract and relax, and this generates heat.

Sweat is released,
water evaporates

Hair
Sweat pore \ /}Epidermis
Hair follicle
Hair root
— Dermis
Sweat gland

Blood vessel

A FIGURE 572 Sweat glands in the skin release sweat. When the water from sweat evaporates, it
has a cooling effect.
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Regulation by negative feedback

In Module 5.1, you learned about negative feedback loops. A negative feedback loop

can be drawn to represent the key steps in maintaining an optimal internal body
temperature. The hypothalamus has a set optimal temperature of 37°C. It responds to
changes in the internal or external temperature by coordinating a response that uses
both the nervous system and the endocrine system. The systems send messages to
effector muscles or glands to carry out a response that counteracts the stimulus. You can
see examples of these negative feedback loops in Figure 5.7.3.

Sweat glands secrete

Coordinating centre sweat.

Hypothalamus in the
brain coordinates a
response.

Receptor

Receptor cells in the
hypothalamus detect

the stimulus. Response

Sweat evaporates, removing
Stimulus heat from the body, cooling

Internal temperature the body.

rises above normal. /
Optimal internal body

temperature 37°C
Response

Shivering generates heat,
warming the body.

\
i

Stimulus

Internal temperature
falls below normal.

Receptor

Receptor cells in the
hypothalamus detect
the stimulus.

»

Skeletal muscles rapidly
contract and relax, causing
shivering.

@ LEARNING CHECK

1 Define shivering.

Coordinating centre
Hypothalamus in the
brain coordinates a
response.

2 Explain why internal body temperature in humans needs to be regulated.

3 Create a diagram of a negative feedback loop for an increase in internal body

4 FIGURE 5.7.3 A model
of two negative feedback
loops for an increase or
decrease in internal
body temperature

temperature above 37°C, using dilation of blood vessels as the response mechanism.
4 Create a diagram of a negative feedback loop for a decrease in internal body temperature

below 37°C, using constriction of blood vessels as the response mechanism.

5 Create a crossword of 5-10 words for this module. Hand it to a partner to test it out.

9780170491785
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

9
o‘:

Interactive resource
Label: Negative
feedback loops

blood glucose
the amount of glucose
in blood

v describe several mechanisms that assist in the control of blood glucose levels
v explain how and why blood glucose is controlled
v draw a labelled negative feedback loop for blood glucose regulation.

GET THINKING

You may know someone who has diabetes, a common condition that affects many Australians.
What do you know about the condition? How do you think it relates to homeostasis? Write down
your answers and then revisit them when you've completed the module.

Blood glucose variation

Have you ever been ‘hangry’ (Figure 5.8.1)? Hunger is a stress response to low blood
glucose. When we are hungry, our inhibition to other emotions, including anger, is
lowered. Blood glucose is the amount of glucose in blood.

Glucose is required for cellular respiration, a metabolic
reaction. Usually there is about 5L of blood in an adult who
weighs 75kg. There is closer to 4L of blood in an adolescent.
The level of glucose in this volume of blood is regulated by

the endocrine and nervous systems. The range of glucose in
adult blood is 3.3-7g. Glucose levels rise after every meal by
1-2g. Glucose levels are lowest just after waking, which usually
follows a night of fasting.

When glands are not correctly functioning to maintain

levels within the tolerance range, glucose levels can rise very
high or fall low. Persistently high blood glucose is known as
hyperglycaemia. This may indicate low insulin production due

to diabetes, and can damage organs such as the kidneys, nerves,
retina and arteries. In contrast, when blood glucose is persistently
low (hypoglycaemia), symptoms such as sweating, shaking,
drowsiness, seizures and unconsciousness can occur because of
the inadequate supply of glucose to the cells and brain.

Mechanisms of blood
glucose regulation

A FIGURE 5.81  ‘Hangry’ = hungry + angry

insulin

a hormone secreted by
the pancreas; controls
how much glucose is in
the blood

glucagon

a hormone secreted by the
pancreas; breaks down
glycogen into glucose

Our bodies have several mechanisms to regulate blood glucose

levels. Behavioural mechanisms include eating a healthy diet.
We also have physiological mechanisms (internal processes) that are triggered by our
nervous and endocrine systems.

Regulation of blood glucose is largely controlled by the endocrine system. The pancreas
is a gland that detects blood glucose levels and secretes two types of hormones that can
decrease or increase blood glucose: insulin and glucagon.
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Stimulus: blood glucose too high

Your body secretes varying amounts of insulin to keep blood glucose within a normal
range. Insulin is secreted from beta cells in the pancreas. Insulin causes glucose to leave
the bloodstream and enter the cells. It does this by binding to a target cell, which activates
the transport of glucose across the cell membrane. Once inside cells, glucose can be used
in cellular respiration to release energy. If your blood glucose rises, this is a stimulus that
is detected by the pancreas. In response, more insulin is secreted. Less insulin is secreted
when your blood glucose drops below normal, as shown in Figure 5.8.2.

Stimulus: blood glucose too low

When your blood glucose is low, another response happens: the secretion of glucagon
from alpha cells in the pancreas. Glucagon breaks down stored glycogen to glucose.
Glucagon travels to the liver and attaches to liver cells. Liver cells convert glycogen into

glucose molecules and release them into the bloodstream, increasing your blood glucose

levels (Figure 5.8.2). A saying to help you remember the hormone that is released when
glucose levels are low is: “‘When the glucose is gone, release glucagon’.

Beta cells in secrete
pancreas Alpha cells in
pancreas
secrete
T Rise in blood
glucose
Fall in blood
glucose

Conversion of

w_> glucose to
glycogen and fat

causes

Normal blood
glucose

Negative
feedback

Negative
feedback

Uptake of
glucose by
body cells - ;
Decreased levels elease o
resulm of glucose in glucose into

bloodstream bloodstream

A FIGURE 5.8.2

@ LEARNING CHECK

1 State the hormone released from:

The negative feedback loops of glucose regulation

a alphacells. b beta cells.
2 Define blood glucose.

3 You eat three pieces of delicious birthday cake at your friend’s party. Draw an annotated
negative feedback loop mechanism to illustrate how your body will regulate the sugar
you have eaten.

4 Analyse Figure 5.8.2. Start at one point in the ‘double’ loop and write one sentence per
stage to summarise the two complete cycles blood glucose negative feedback.

9780170491785

glycogen
a store of glucose in the
liver and muscles

causes

Conversion of
glycogen to
glucose in liver
and muscles

results in
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» analysing data to identify and explain relationships between variables.

During practical investigations, scientists collect, organise
and process data. The next step is to analyse or interpret
the data to form conclusions.

When they analyse data, scientists usually look to
identify three main things:
e patterns e trends « relationships.
Scientists look at data to see if something repeats over time.
Patterns in scientific data give us information about the past

and may help us make predictions. An example of a pattern
is the cyclic rise and fall of glucose levels in the blood.

A trend is when data shows movement or change in

a particular direction, such as a population of koalas
decreasing over time. Usually, scientists need a great deal
of data to be confident that it is showing a trend.

A relationship is a trend in which there is mathematical
correlation between two or more variables; for example,
the more it rains, the higher the water level in a rain gauge.
Another example could be a reduction in the consumption
of junk food resulting in an improvement in blood
cholesterol levels.

«l
&
&l.

Video
Science skills in a minute:
Identifying trends

Science skills resource
Science skills in practice:
Identifying trends

ANALYSING TRENDS IN GLUCOSE AND INSULIN DATA

You will be examining the graphed results of a study
conducted by specialist doctors. In the study, healthy
participants fasted for 5 hours and then consumed
glucose. Their blood glucose and insulin levels were
monitored, and averages were recorded, over 5 hours.

To analyse trends in glucose and insulin data

Analyse the two curves in Figure 5.9.1.

1 Describe the blood glucose concentration between
0 and 5 hours.

2 Explain why insulin fluctuates between 2 and 4 hours.
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A FIGURE 5.91

3 Explain the relationship between blood glucose and
insulin levels.

Blood glucose concentration

—_

N

o
1

Average levels (mg dL-7)
O
o

Insulin concentration

0 1 2 3 4 5
Time (h)

Mean (average) concentration of insulin
and blood glucose 0-5 hours after glucose consumption
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SCIENCE
IN CONTEXT

Use of technology to
control blood glucose

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v investigate and evaluate how technologies and engineering enable advances in

diabetes monitoring.

v describe diabetes monitoring and the use of data to make action plans

Insulin — a vital hormone .,
e
18
Insulin is a vital hormone because it is the only hormone that can lower blood glucose
levels. Insulin is produced by the beta cells in the islets of Langerhans in the pancreas. In a0 activity
a healthy person, insulin is secreted in response to rising blood glucose levels. The job of
insulin is to attach to receptors on target cells to activate the transfer of glucose from the

blood into cells for use in cellular respiration.

What is diabetes?

About 1.8 million Australians have diabetes. People with diabetes cannot regulate their
blood glucose levels because their bodies do not produce enough insulin. When they eat
food containing glucose, the glucose stays in the blood instead of entering cells to make
energy. This makes people with diabetes feel lethargic, dizzy and hungry. Long-term
symptoms can be life-threatening.

There are three main types of diabetes: type 1, type 2 and gestational diabetes. Diabetes
can be managed either through strict diets or by regularly injecting insulin (Figure 5.10.1).

Keeping blood glucose levels in a healthy range prevents short-term and long-term
complications. Diabetes technology has developed over time, making the monitoring and
treatment processes more accurate and less invasive.

Orawan Pattarawimonchai/Shutterstock.com

A FIGURE 5101 People with type 1 diabetes usually have to inject themselves with
insulin several times a day to manage their blood glucose levels.
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Blood glucose monitoring

A person with diabetes can use a blood glucose monitor to measure their blood glucose
levels. They use a small, needle-like device to prick their finger. The person squeezes
their finger so a small sample of blood appears. They transfer the blood onto a test strip
and, within 10 seconds, they can read a result and record it in a journal. If their blood
glucose value is too far away from normal, the person may need to inject insulin or have
something to eat.

New technology and engineering now allow people to use the blood prick test three
times a day or to monitor glucose continuously using a sensor inserted under the skin, in
a process called flash glucose monitoring (Figure 5.10.2).

Proxima Studio/Shutterstock.com

A FIGURE 5.10.2  (a) Finger-prick testing: a person punctures their finger to draw a drop of blood. (b) Flash glucose monitoring
involves continuous monitoring with a sensor and compatible smartphone.

One benefit of flash glucose monitoring is that it collects continuous data, which can
give more information about changes in the person’s blood glucose levels over time.

This helps people living with diabetes to manage the disease better. In flash glucose
monitoring, a sensor sits on the skin (on the arm) and a small electrode is inserted just
under the skin. A reader, such as an application on a smartphone, collects and provides a
view of the data and trends. The reader can instantly share the data with a medical team.
Alarms can be set to indicate when blood glucose levels are too high or low.

However, the flash glucose monitoring technology is not perfect. Finger pricks are still a
more accurate monitoring method and are often preferred by doctors if glucose levels are
changing too rapidly. Other potential drawbacks of flash glucose monitoring are:

® wearing a sensor may make it hard to do some sports, such as swimming
® the electrode or sensor may irritate the skin

® it is more expensive to operate than the regular finger-prick test.

@ LEARNING CHECK

1 Describe the finger-prick glucose monitoring technique.
2 Outline the more technologically advanced flash glucose monitoring technique.
3 Evaluate the flash glucose monitoring technique, outlining the pros and cons.
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5 REVIEW

(REMEMBERING

) | (UNDERSTANDING

1 Describe a stimulus—-response model.

2 Copy and complete the following table by identifying

or describing the functions of the parts of a negative
feedback model.

Part Function

Stimulus

A specialised cell that detects the
stimulus. The receptor may be
internal or external.

Coordinating
(control) centre

A muscle or gland that receives
a message from the coordinating
(control) centre and carries out a
response.

Response

3 Copy and complete the following table by identifying

the three types of neuron according to their function.

Function Type of neuron

Transmits nerve impulses
from a sensory neuron to a
motor neuron

Detects changes and transmits
nerve impulses towards the
spinal cord or brain

Transmits nerve impulses
from the spinal cord towards a
muscle or gland to carry out
aresponse

4 List the three parts of the brain stem.

5 Identify the following statements as true or false:

a The cerebellum controls involuntary responses.
b The brain stem controls involuntary responses.
¢ The cerebrum controls muscle movements.

9780170491785

6

10

Draw a generalised model of a negative
feedback loop.

Explain how the message in an electrical signal can
get across a synapse.

Compare positive feedback and negative feedback
and include an example of each.

State the internal body temperature tolerance range
and optimal temperature for humans.

Describe the disease diabetes.

(aPpLYING )

11

12

13

14

15

16

Read the following scenario and identify the type of
feedback mechanism involved. Justify your answer
by using the stimulus—-response model.

After a run along the beach on a dry summer’s day,
Dave was feeling thirsty. The thirst centre in the
hypothalamus part of his brain detected low water
levels in his blood, so it sent a hormone to his kidneys
to increase permeability (an increase in the ease of
water flow), allowing water to return to his blood. This
caused a decrease in the amount of water becoming
part of his urine and moving into his bladder. When
Dave went to the toilet, he found he only excreted a
tiny amount of urine.

Explain how the structure of a sensory neuron allows
for its function.

Using an example, explain the main steps of how a
hormone works.

Create a diagram of a negative feedback loop for a
decrease in internal body temperature below 37°C,
using metabolic heat production as the mechanism.
Use the negative feedback model in Figure 5.1.3 as
a guide.

Explain how sweating works in regulating
body temperature.

Explain the roles of insulin and glucagon in regulating
blood glucose after a meal is consumed.
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17 Explain why people who cannot produce sufficient

insulin feel tired and lethargic.

(ANALYSING

18 Analyse the following MRI image and locate and
label eight parts of the brain.

19 The following diagram depicts two
homeostasis processes.

a ldentify the two processes.

b State which type of feedback loop is s
each case.

¢ Write out the steps shown in more det
the labels as subheadings.

Homeostasis

AL %%@!i

Stlmm

Receptor Sensor StlmU|Us

[N
- Feedback <> Feedback
loop loop

Response Control
/ centre x
I
fe—]

Effector &=y

Science in Focus | Stage 5 NSW

/Shutterstock.com

Monet_3k,

hown in

ail, using

Receptor

Response

&

Effector
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20 Look at the image of Robert Wadlow. He grew to be
2.52m tall.

d

History and Art Collection/Alamy Stock Photo

How tall are you in comparison?

State the hormone that may have caused the
excessive growth.

Evaluate whether there was too much or too little
of the hormone secreted.

Name the gland the hormone was excreted from.

(creating )

21 Produce a short, engaging presentation for Year 7
students that explains what a negative feedback
loop is, and how it is important in keeping us
healthy. Include:

22

what the term ‘homeostasis’ means

information on the terms stimulus, sensor,
receptor, response and effector

an image of a negative feedback loop
examples of different negative feedback loops

reasons why negative feedback loops are
important for keeping our body in a steady state.

Create a model in the form of a diagram or poster that
demonstrates the flow of an electrical impulse along the
three types of neurons between the PNS and the CNS.
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Diseases

What is disease? (p. 192) Non-infectious diseases (p. 194)
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ec0ccece

®ec0ccccccccce®

Viruses (p. 207)

{......-

e®00cccccccoce,

First line of defence against
WORKING SCIENTIFICALLY: Using models to disease (p. 206)
communicate scientific concepts (p. 204)

cocee,

ececcce

Third line of defence: adaptive
immune system (p. 212)

Second line of defence against
disease (p. 208)
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cesec) Artificial immunity (p. 216)

Preventing disease (p. 220)
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SCIENCE IN DEPTH

Infected host coughs or sneezes . Potential host inhales

with SARS-CoV-2 A
Stay in air for hours

Can be inhaled
* < 5pm diameter

+ 5-100 um diameter
Travel >1 m

Droplets

Travel <1 m
Fall to ground quickly
Inhaled within 1 m
>100 pm diameter

Contaminated surface

A FIGURE 6.01  Airborne transmission of the SARS-CoV-2 virus, which causes the disease COVID-19 (1 pm (micrometre)
= one-millionth of a metre)

Many infectious diseases are contagious. They are diseases that can
spread (transmit) from person to person, such as COVID-19 and influenza.
Infectious diseases spread easily between humans because there are
many modes of transmission. Once you know how a disease transmits
from an infected host to another person, you can slow or stop the spread.

@ DIVE INTO SCIENCE!

» What are the two types of transmission of COVID-19 shown in the
diagram? How else can COVID-19 be spread?

» What can we do to protect ourselves and people we come into
contact with?

Assessments Science skills resources

® Prior knowledge quiz ® Science skills in practice: Petri dish safety (6.11)
® Chapter review questions

® End-of-chapter test

® Depth study: Research project and infographic

Interactive and other resources
® Drag and drop: Bacteria or fungi? (6.3)
® | abel: Virus replication (6.4); Phagocytosis (6.7)

Videos ® Quizzes: Second line of defence (6.7); Herd immunity (6.9)
® Science skills in a minute: Petri dish safety (6:11) ® Activity sheets: Practising sterile technique (6:11)
® Video activities: Changing the lobster nation (6.2); ® Worksheets: What do you already know about

Immune defence (6.8); Smallpox: The first vaccine (6.9) infectious diseases? (6.3); The National

Immunisation Program (6.9)

To access resources above, visit

:‘ ‘.' N e l son M | n dTa p cengage.com.au/nelsonmindtap
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

health

a condition of total
physical, mental, and
social wellness, going
beyond just the absence
of illness or disability

disease

an abnormal condition

or disorder that affects
the normal functioning of
the body, either wholly or
partially, and is associated
with specific causes

and symptoms

Physical
* body systems working effectively Think about how you feel when you are sick. You might feel
+ good nutrition and exercise
+ good sleeping patterns

Mental
* managing stress well
+ positive mindset

define disease

identify how diseases are described

describe the causes and symptoms of diseases
assess the impact of diseases on people.

GET THINKING

Imagine you are a health expert and a mysterious illness has been spreading through your
town. People are experiencing fever and coughing, and the disease seems to be contagious.
Authorities are asking your medical team to investigate the disease. How are you going to
assess if the disease is contagious or not? List three hypotheses for how the disease might
be spreading and try to explain each.

What is health?

Health is more than your physical state or wellbeing. It also includes your mental and
social wellbeing. This means that for us to feel and be healthy, all of the body systems
need to be working together effectively (Figure 6.1.1)

Defining disease

pain, have no energy, or be unable to sleep properly. Feeling
sick is often the result of having a disease. A disease is a
condition or disorder that affects the normal functioning of
the body in some way. Diseases are associated with specific

+ psychological resilience causes and symptoms.

Social H

e eoot bl Causes of diseases

* positive relationships .

. gffective imeracﬁo,ﬁ’s il @ilhers There are many factors that can cause diseases, such as:

® pathogens (bacteria, viruses, fungi, protists)

A FIGURE 6141 Factors that are part of good health ® genetic and autoimmune conditions

disorder

a group of symptoms that
disrupts your normal body
functions but does not
have a known cause

symptom

something a person
experiences that may
indicate the existence
of disease

pathogen
an organism that causes
disease in its host
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e the environment (exposure to pollutants)

o lifestyle (smoking, drinking, nutritional choices)
(Figure 6.1.2).

Pathogens Genetic/ Environment Lifestyle

+ bacteria autoimmune + pollution + smoking

+ fungi factors + radiation + drinking alcohol

* viruses + inherited + toxins + poor diet

* protists diseases + dust + substance abuse
* mutations

A FIGURE 61.2 The main causes of diseases
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Types of disease

Diseases can be described and categorised in various ways based on their causes, how

long they last and how they affect the body. Understanding these descriptions helps us to
diagnose, treat and prevent different health conditions. Table 6.1.1 describes the main types
of diseases. Many diseases are described in a combination of ways; for example, lung cancer

may be the result of a person being exposed to pollution in their workplace (occupational). °“I°tul(’jat“°“a| .
. . . . . . . .. related 1o an occupation
At the same time, it is a non-infectious disease because it is not transmissible to others. or profession

v TABLE 614 Types of disease

Disease category Description Examples
Infectious Caused by a pathogen and transmissible from person to person = Influenza, COVID-19, malaria
Non-infectious Not caused by a pathogen and not transmissible from person Cancer, heart disease, diabetes

to person
Chronic Develops over a long period of time Asthma, rheumatoid arthritis
Acute Has rapid onset and short duration Appendicitis, acute bronchitis
Degenerative Causes gradual deterioration of cells, tissues and organs Alzheimer's disease, Parkinson's disease
Autoimmune Occurs when the immune system attacks the own’s body Lupus, multiple sclerosis, type 1 diabetes

tissues or organs

Deficiency Caused by a lack of essential nutrients Scurvy (due to lack of vitamin C), rickets
(due to lack of vitamin D), anaemia
(caused by low iron levels)

Occupational Related to the person’s occupation Asbestosis, carpal tunnel syndrome,
noise-induced hearing loss, cancer, silicosis

Psychological disorder  Affects mental health and behaviour Depression, anxiety, bipolar disorder

Impacts of diseases

Diseases negatively affect a person’s body, mind and social wellbeing. For example,
a person who has cancer can experience serious symptoms and pain, have to attend
ongoing treatment, and will often feel anxious about their prognosis. Their illness will prognosis

also affect their friends’ and family’s mental and social wellbeing. E:ﬁ:ﬁﬁg?e?;gﬁaﬁy

. L. . . . . bout h di
Diseases also have an economic impact. The cost of disease is not only carried by the ill a,ﬁ gro;’rﬁ; sease
person and their family, but also can have a massive effect on governments because they
run the hospitals, clinics and health system that must prevent and treat disease. You will

learn more about prevention and control of disease in Module 6.9.

@ LEARNING CHECK

1 ldentify three components of health.
2 Describe what is meant by ‘social wellbeing’ in the context of health.

3 Explain the difference between an acute disease and a chronic disease, providing an
example of each.

4 Explain why the absence of disease does not necessarily mean a person is in good health.

5 Discuss how lifestyle choices can impact both physical and mental aspects of health,
providing examples.
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@ Non-infectious diseases

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Video activity
Changing the
lobster nation

predisposition

a likelihood of developing
a particular disease

or condition

v define non-infectious diseases
v describe the types and causes of non-infectious diseases
v analyse data for a common non-infectious disease.

GET THINKING

Working in groups of three of four, debate this statement: ‘The rise in non-infectious
diseases is a direct consequence of modern lifestyle choices.’ Do you agree or disagree
with this statement? Why? Consider the role of diet, physical activity, stress and
environmental factors in your debate. Write a short argument for the affirmative or the
negative team.

What are non-infectious diseases?

Non-infectious diseases are those conditions that are not caused by a pathogen
(bacteria, virus, fungus, protist) and, as a result, cannot be transmitted from one
person to another (Figure 6.2.1). For this reason, non-infectious diseases are also called
non-communicable diseases.

Non- Not caused
transmissible by pathogens

Non-infectious
diseases

A FIGURE 6.21  Characteristics of non-infectious diseases

Risk factors

The chance of having a non-infectious disease can be increased by the following factors:
® genetic predisposition: some people carry genes that cause or contribute to

inherited diseases
® environmental: exposure to pollutants, radiation, toxins

e lifestyle choices: poor diet, smoking, alcohol consumption, lack of exercise.

Often, a non-infectious disease is caused by a combination of more than one factor.
For example, liver diseases, such as cirrhosis, are often related both to the excessive
consumption of alcohol (environmental) and to a genetic predisposition to liver
diseases (genetics).
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Incidence of non-infectious disease @

Disease incidence means how many new cases appear in a population over a period of incidence
time. This is often expressed as the number of new cases per 1000 or 100000 people per the number of new

disease cases appearing

year. It is calculated using the formula: in a population over a
period of time

) number of new cases
Incidence = — X 1000
total population in the area of study

To reduce the incidence of non-infectious diseases in a population, health experts must
use a comprehensive approach that considers risks factors and promotes healthier
lifestyles choices (Figure 6.2.2). For example, the long-running Quit campaign

is designed to reduce the incidence in Australia of diseases related to smoking. This
campaign encourages people to quit smoking by providing resources, support and
information about the consequences of smoking. The campaign has achieved its aims
by making people aware of the effects of smoking on health. It has reduced the rate of
smoking in the Australian population.

A FIGURE 6.2.2  Reducing the incidence of non-infectious diseases requires a combination of
different strategies.
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¥ ACTIVITY 1 Incidence of melanoma in Australia

Melanoma is the third most diagnosed cancer in Australia, with 18 200 people diagnosed
in 2023 alone. The incidence of melanoma is increasing. By analysing the incidence of the
disease, we can gain ideas about how to reduce its incidence.

Procedure

1 Look at the graph in Figure 6.2.3 showing new cases of various cancers in Australia.
Using the incidence formula, calculate the incidence of melanoma and prostate cancer in
Australia per 100 000. In 2023, the total population of Australia was 26 966 789.

2 Look closely at Figure 6.2.4. |dentify the trend of incidence of melanoma in males
and females.

Analysis

1 What is the incidence of melanoma and prostate cancer in 2023?

2 Describe the accuracy of the data in Figure 6.2.3. Is it a record of all cases, or is it
an estimate?

3 There is a gap between the incidence of melanoma trend between males and females.
Discuss this difference. What do you think could be the cause?

4 Write an overall analysis of the data as a conclusion.
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@ LEARNING CHECK

Define non-infectious disease and give two examples.
2 Describe the main characteristics of non-infectious diseases.

3 Using an example, describe two factors that contribute to the development of a
non-infectious disease.

4 Table 6.2.1 shows the numbers of new cases internationally for some major
non-infectious diseases.

v TABLE 6.21 Number of new cases per year internationally of
three major non-infectious diseases

Non-infectious disease New cases (millions of
people per year)

Cardiovascular diseases 17.9
Cancers (all types) 4.1
Diabetes 2.0

a Considering that the current world population is 8.2 billion people, calculate the
incidence of these diseases per 10 000 people.

b Add an extra column in the table with the results of the incidence calculations and
construct an appropriate graph to represent this data.

¢ Compare the pattern of the data for new cases versus the incidence you calculated in
part a. Describe the differences.

d Choose one of the diseases from the table and design a flyer to educate people about
it, with the aim of reducing the incidence of that disease.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Interactive resource
Drag and drop:
Bacteria or fungi?

Other resource
Worksheet: What do
you already know
about infectious
diseases?

host
an organism infected with
a pathogen

transmission

the transfer of a pathogen
from one organism or
reservoir to a new host

reservoir

a source of infection such
as a habitat or population
of organisms where a
pathogen can replicate
and survive for

long periods

v define infectious disease, pathogen, host and transmission
v describe three types of pathogens: bacteria, fungi and protists
v explain how pathogens are transmitted.

GET THINKING

Check this list of infectious diseases for ones you are familiar with. Have you suffered from
any of them? Are there any that you haven't heard of?

* Influenza « COVID-19
* Conjunctivitis * Measles
*  Whooping cough » Chickenpox

* Ross River virus infection

What is an infectious disease?

Infectious diseases are diseases that can be passed on - they are transmissible (or
communicable). Any agent that causes an infectious disease is known as a pathogen.
Pathogens include micro-organisms, such as bacteria, fungi and protists, and non-living
agents, such as viruses. We will look at viruses in more detail in Module 6.4. Note that
not all micro-organisms are pathogens.

A host is an organism infected with a pathogen. An infection occurs when a pathogen
enters a host, establishes itself and replicates. Transmission is when a pathogen passes to
a new host. This can happen from an infected host or from a reservoir, which is another
habitat or population of organisms where the pathogen can replicate and survive for
long periods. If transmission is direct from an infected host to a new host, the disease is
described as contagious.

If a pathogen replicates but there are no symptoms, the infected host is described as
asymptomatic but contagious (able to spread the disease to another person).

Types of pathogens

Three types of micro-organisms can cause infectious disease — bacteria, fungi and
protists. They each have unique structures that help identify them. Scientists study a
pathogen’s structure and life cycle to make informed decisions about how to treat disease
and manage outbreaks.

Bacteria

Bacteria are unicellular, which means each bacterium consists of only one cell. An
average bacterium is a microscopic 1-10 micrometres (um) in length. Like all cells,
bacteria have a membrane that surrounds the cytosol, and a cell wall. The cytosol is
the semi-liquid substance inside all cells. Bacteria are prokaryotes. A prokaryote has
no membrane-bound organelles such as mitochondria or nucleus. This means the
chromosome is found in the cytosol. Some bacteria possess a tail-like flagellum that
helps them move.
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Tuberculosis (TB) is an example of a disease caused by bacteria (Figure 6.3.1). In 2022, pandemic

TB killed approximately 1.3 million people. TB is thought to be the world’s oldest fa(;i@?f 2@:;‘:; Pha; ;g;ledfd

®

pandemic. Symptoms of TB include coughing (with mucus or blood), chest pains having grown from
an epidemic

and fever. Infection occurs by inhaling airborne droplets
containing the bacteria. The bacteria reproduce inside

host cells, resulting in the symptoms. Reproduction involves a
single cell dividing into two identical daughter cells. Active TB
can cause serious illness and death.

Fungi

Kateryna Kon/Shutterstock.com

You may have seen the white fungus that grows on bread
that looks like white, fuzzy cotton. The diverse fungal world
includes large organisms, such as mushrooms, as well as very
small forms that were only revealed with the invention of

the microscope. Fungi have a eukaryotic cell structure with & FIGURE 6.3 TuberClEJ—Sis is a is;zase caused
membrane-bound organelles, including mitochondria and a by a bacterial pathogen.

nucleus. They also have a cell wall made of a fibrous substance
called chitin.

Moist, warm parts of a body provide ideal conditions for

a fungal disease called tinea (athlete’s foot) (Figure 6.3.2).
Symptoms include an itchy, scaly rash, and peeling and
inflamed skin. This contagious disease can be transmitted by
direct contact with infected skin or contaminated surfaces such
as the floor or shoes.

chaipanya/Shutterstock.com

Protists

Usually microscopic, protists can look very different from
each other, and can be animal- or plant-like. They are

A FIGURE 6.3.2 Tinea is a disease caused by a
eukaryotic organisms. Most protists are single celled and fungal pathogen. The warm, moist environment
usually live in water. between the toes provides ideal conditions

for reproduction.

The disease malaria is caused by the protist Plasmodium.

Methods of pathogen transmission

Pathogens infect a host by transferring from a source. A source could be an infected person

. . . . vector

or a reservoir. Respiratory (lung) diseases such as tuberculosis, influenza and COVID-19 an organism that
can be transmitted when a person inhales contaminated airborne droplets. If another transmits a pathogen

L. . . . from an animal or a plant
living thing transports and assists the entry of a pathogen into a host, from another host to another animal or plant
or reservoir, it is known as a vector. A common example of a vector animal is a mosquito. aerosol
Some diseases can be transmitted by several means. For example, COVID-19 can be ggﬁv‘;rgfﬁtjcz‘;
transmitted by direct contact (touch) or through the air via droplets or aerosols. containing pathogens
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Some major modes of pathogen transmission are summarised in Figure 6.3.3.

Modes of transmission

I l

Direct Indirect

Aerosol inhalation
(tiny, light particles Vector
hanging in the air)

Close contact
Droplet inhalation
(pathogen in large
droplets of saliva

)

A FIGURE 6.3.3 Some major modes of transmission of pathogens

@ LEARNING CHECK

1 Define the terms pathogen and micro-organism.

Contact

2 Describe the disease tuberculosis (TB), including the type of pathogen, symptoms and
mode of transmission.

3 Study Figure 6.3.4, which shows a series of photos taken during an experiment on the
effectiveness of different face masks in protecting against airborne pathogens.

No mask One-layer cloth mask

Two-layer cloth mask Surgical mask

A FIGURE 6.3.4  An experiment testing the effectiveness of different
types of masks when sneezing

State the dependent and independent variables. Write a statement that summarises
the results. State one controlled variable. State a variable you think was not controlled
that may affect the validity.
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@ Viruses

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v explain how viruses replicate

v describe a virus and give examples

v compare viruses with bacteria.

GET THINKING :‘:

|
Viruses are very different types of pathogens from bacteria and fungi. Do you know how

they are different? In 2 minutes, write down all the things you already know about viruses. Interactive resource
Label: Virus replication

What are viruses?

Viruses are non-living pathogens. We can only see viruses if we use an electron
microscope because they are so small, around 30-300 nanometres long (1 nanometre
(nm) = one-billionth of a metre). The size and shape of viruses vary greatly, as shown
in Figure 6.4.1.

Ebola SARS-CoV-2 Measles Influenza
80 x 970nm 120nm 150nm 80-120nm
Rabies Adenovirus Papillomavirus Hepatitis C Parvovirus
180 x 80nm 90nm 50-60nm 50nm 20nm

A FIGURE 6.41  Viruses are very diverse. These are some of the most common human viruses with their relative size.

There are thought to be more than 200 different types of viruses that can infect humans
and cause disease.
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A FIGURE 6.4.2

DNA

deoxyribonucleic acid, the
molecule that makes up
the genetic material inside
the nucleus of cells and in
some viruses

RNA

ribonucleic acid, a
molecule similar to DNA
found in the cytoplasm
of cells; the genetic
material found in

many viruses

capsid

the protein coating that
protects the genetic
material inside a virus

viral envelope
the outer layer of
many viruses

202

1 Attachment

A FIGURE 6.4.3

Capsid

The general structure of viruses

2 Entry

\“%‘* Receptors

Viral envelope

Nucleic acid
(RNA/DNA)

control

4 Virus parts

3 Virus nucleic
acid takes

Viruses consist of genetic material (nucleic acid),
either DNA or RNA, covered by a protective layer of
protein called a capsid. The basic structure of a virus
is shown in Figure 6.4.2. In some viruses, the capsid
is protected by another layer called a viral envelope.

Viruses can only replicate (produce new viruses)
inside a host cell. When a virus infects an organism,
it recognises receptors on the surface of a host cell
and attaches to them. It then enters through the
cell membrane and inserts its nucleic acid (DNA

or RNA) into the host cell. Once inside, the virus’s
nucleic acid takes control and directs the host cell
to make many copies of the virus parts. The parts
are assembled into new viruses and released by the
cell. This can cause the cell to die. The host usually

experiences symptoms when a virus is replicating. Figure 6.4.3 represents the main steps
of how a virus replicates inside the host cell.

gqpied

Host cell

» FIGURE 6.4.4 An
electron microscope
photo (micrograph)
of SARS-CoV-2
virus particles
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How a virus replicates inside a host cell

COVID-19

COVID-19 is a viral disease that has spread globally. The World Health Organization
(WHO) declared the disease a pandemic on 11 March 2020, three months after it was
first reported. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (Figure 6.4.4).

iStock.com/narvikk
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The virus has had many variants since 2019. Variants are produced when some of the
RNA mutates. A mutation is a permanent change in the nucleic acid that codes for the
production of virus parts. WHO names the variants after letters of the Greek alphabet,
such as alpha, beta, gamma, delta and omicron.

The most common symptoms of COVID-19 are:

® fever ® headache

® tiredness ® shortness of breath

® cough ® sore throat

® Joss of taste or smell ® muscle and joint pain.

Most infected people develop mild to moderate illness. Older people, or those with
compromised immune systems, may develop severe disease symptoms, such as difficulty

breathing and chest pain. It can take 5-14 days from when someone is infected to develop
symptoms. This is called the incubation period. During this period, the infected person is
contagious. This is the reason why, for much of the pandemic, infected people and their
close contacts were often asked to quarantine (isolate themselves) or wear masks.

Ross River virus

Ross River virus infection is a disease caused by a virus, delivered to humans by
mosquitoes (vectors) when they feed on our blood. Symptoms include fever, chills,
headaches, swollen joints and muscle pain. A rash may occur for 7-10days (Figure 6.4.5).

nechaevkon/Shutterstock.com
chrisatpps/Shutterstock.com

A FIGURE 6.4.5 Ross River virus infection is transmitted to humans by mosquitoes (vectors).

@ LEARNING CHECK

Describe how viruses replicate and spread.

2 Write two or three sentences to explain why viruses are classified as non-living.
3 Choose one virus and one bacterial pathogen to research.

a Draw a diagram of each and label its parts.

b Copy and complete the table to compare them.

Bacteria example Virus example

Size and shape

Living or non-living

How it reproduces

How it is transmitted
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WORKING
SCIENTIFICALLY

SCIENCE SKILLS IN FOCUS

» modelling the transmission of an infectious disease

» assessing the effectiveness of a model of infectious disease transmission

» communicating scientific concepts with models.

Scientists use scientific models to understand processes,
make predictions and communicate their ideas.

In this investigation you will analyse and communicate
how well the model represents the spread of a disease.
You will need to answer the following questions to assess
your model:

* How well did the model explain or represent the spread
of the disease?

» Was the model adequate to represent the spread of
the disease?

MODELLING TRANSMISSION
OF AN INFECTIOUS DISEASE

To evaluate a model for the transmission of an
infectious disease

class set of cups containing 50 mL water

cup containing 50 mL of dilute (0.1 M) sodium
hydroxide solution

dropper bottle with phenolphthalein
indicator solution

class set of plastic droppers
safety glasses

B & &a&

Note: Your teacher will keep the identity of the cup with
sodium hydroxide in it a secret, but also keep track of
who collects it.
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*  What were its limitations?
* What needs to be improved in the model to better
represent the spread of the disease?

* How can you use this model to predict the spread of
other diseases?

By analysing these aspects of the model, you can
describe how the disease could spread and make
predictions about outbreaks.

A Safety

Wear appropriate personal protective

equipment (PPE).

Sodium hydroxide and phenolphthalein can irritate
eyes and skin. Wash with water if contact is made.

1 Wear safety glasses. Collect a clear plastic cup with
50 mL of liquid (either water or sodium hydroxide
solution) already poured in. All cups should contain
the same volume of liquid.

2 One cup will contain sodium hydroxide (NaOH)
solution. It is a clear colourless liquid that looks like
water. It also has a high pH (very basic substance).
The student who collects this cup will be ‘patient zero'.
All the other cups will contain water.

Collect a dropper.

When your teacher asks you to, walk slowly around
the classroom until the teacher says ‘stop’. Use the
dropper to add 10 mL of your liquid into the cup of
another student. Repeat this two more times until
you have added to the cups of three other students.
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By doing this, you are modelling the spread of
infection through body fluids such as droplets of
mucus or saliva, which can contain pathogens.

Record who you shared your liquid with, in order.

A volunteer student can use a dropper bottle with
phenolphthalein indicator solution to add a few
drops to each student'’s cup, to test who has been

infected. Phenolphthalein is an acid—base indicator.

If the colourless liquid turns pink (Figure 6.5.1), the
person is ‘infected'’.

—

A FIGURE 6.51  Phenolphthalein indicator turns pink in
basic solutions.
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7 Atable like the one below can be drawn on the board
for all class members to contribute to. Add all names
of students (givers) in the class in the first column,
and then highlight the ‘infected’ names to process
the data.

Name of giver 1st 2nd 3rd
(potential source receiver receiver receiver
of infection)

8 Discuss and determine who could be patient zero
(the original source of the ‘infection’).

1 Assess this model of how a disease spreads, using
the questions listed in the bullet list at the start of the
investigation.

2 Discuss how patient zero was identified in the
COVID-19 pandemic. Do you think that doctors used a
similar method to the one in this model?
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@ First line of defence against disease

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

cilia

the hair-like extensions of
mucous membranes that
pushes pathogens up and
out of the body

mucus

a thick, sticky liquid
in our airways that
captures pathogens

lysozyme
an enzyme that breaks
down pathogens
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v describe the first line of defence against disease
v explain how the skin, stomach acid, cilia and secretions prevent infectious disease.

GET THINKING

Prepare a concept map, similar to Figure 6.6.1, to summarise the content in the modules
you have studied so far. Add to it after you finish each module. You may wish to include
diagrams within the map to help your understanding.

Pathogens

=

Second line

First line . Immune .
of defence system of defence

@

Third line
of defence

A FIGURE 6.61  Create a concept map to link what you have learned so far.

The immune system'’s three lines of defence

The human immune system has three main lines of defence against infectious disease.
The first and second lines of defence are non-specific, which means they defend against
any foreign bodies or invading pathogens. We will look at the second line of defence in
more detail in Module 6.7.

In Module 6.8, you will learn about a third line of defence - the adaptive and specific
immune response. This is when highly specialised cells and antibodies defend the body
against specific pathogens.

The first line of defence: external prevention
The first line of defence in the immune system is about prevention. This initial defence
has two main types of barriers:

¢ physical barriers: the skin, cilia and mucus (mucus traps particles and cilia move
them out)

® chemical barriers: stomach acid and secretions that contain lysozymes (saliva,
tears, reproductive tract secretions, sweat).
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These barriers are non-specific because they use the same methods to help protect the
body from any type of pathogen invasion (Figure 6.6.2).

Lysozymes in
secretions
Present in tears,
nasal secretions
and saliva.
Break down
some pathogens

Mucus lining moist surfaces
Traps micro-organisms

Cilia in airways
Filter and push
out many
pathogens

Skin

Physical barrier.
Stops pathogens
entering the body

Acid in stomach
Very corrosive.
Destroys many
micro-organisms

A FIGURE 6.6.2 The first line of defence of the immune system has physical (blue) and chemical
(pink) parts.

In the context of disease defences, the surfaces of organs such as the lungs, intestines and

stomach are all considered external to the body. This means that all parts of the first line of

defence are external.
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