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Science toolkit
Scientists work collaboratively and individually to design
experiments. They control variables and use accurate

measurement techniques to collect data. They consider
ethics and safety. They analyse data, identify trends and
relationships, and reveal inconsistencies in results. They
analyse and evaluate their own and others’ investigations.

Control and regulation
Multicellular organisms, such as humans,
have systems thatrespond to changesin
their environments. Receptors detect these
changes and pass the information to other
parts of the organism.

Reproduction

Humans, and other multicellular organisms,
reproduce sexually or asexually using systems
of organs that carry out specialised functions.

Subatomic particles

Matter is made of atoms. Atoms

are systems of protons, neutrons

and electrons. Radioactivity occurs

when the nucleus of an unstable atom decays.

Chemical reactions

Different types of reactions are

used to produce a range of products

and can occur at different rates. Different factors
influence the rates of reactions.

The carbon cycle
There are interactions and cycles within and between Earth’s
spheres. Global systems, including the carbon cycle, rely
on these interactions involving the biosphere, lithosphere,
hydrosphere and atmosphere.

Particles and waves
The transfer of heat energy is caused by the motion of particles.
Sound is caused by the vibration of particles movingina
wavelike motion. Electricity is the presence and flow of charged
particles. The electromagnetic spectrum is a way of describing
all the different forms of light, including the light we see.

il ol

Energy efficiency
Energy cannot be created or destroyed. Sankey diagrams are
used to represent the efficiency of energy transfers and
transformations.
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Oxford Science Australian Curriculum has been developed to meet the requirements of the
Australian Curriculum: Science across Years 7—10. Taking a concept development approach, each
double-page spread of Oxford Science represents one concept, one topic and one lesson. This
new edition ensures students build science skills and cross-curriculum capabilities, paving a
pathway for science success in the senior secondary years.

The series offers a completely integrated suite of print and digital resources to meet your needs,
including:
> Student Book > Student obook pro > Teacher obook pro.

Key features > This Student Book combines complete curriculum coverage with clear
Of thiS and engaging design.
> Each print Student Book comes with complete access to all the digital
StUdent BOOk resources available on Student obook pro.

Focus on concept development

AUSTRALIAN CURRICULUM

CHAPTER

Chapter check Reflect

¢ Students are
encouraged to self-
assess their learning
against a set of
success criteria in
the Chapter checklist
tables at the end
of each chapter. If
students do not feel
confident about their
learning, they are
directed back to the
relevant topic.

INTRODUCING OXFORD SCIENCE 7-10

—

Chapter openers

¢ Every chapter
begins with a Concept statements 4.4, sotopes can release alpha,
clear learning e Every topic begins with a concept * °beta or gamma radiation
pathway for statement that summarises the key
students. concept of the topic in one sentence. Cctopes andradoacthe

Learning intentions
e Learning intentions are clearly stated for every topic.

Key ideas
* Key ideas are summarised for each topic in succinct
dot points.

Aoty

Margin glossary terms

¢ Keyterms are bolded in the body in blue text, with a
glossary definition provided in the margin.

Check your learning
e Each topic finishes with a set of ‘Check your learning” questions —

Worked examples that are aligned to the learning intentions for the topic. Questions

e Students are provided with step-by-step worked . are phrased using bolded cognitive verbs, which state what is
examples for mathematical problems and expected of a student and prepares them for studying senior
scientific concepts. science subjects.

Vi OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



Focus on science inquiry skills and capabilities

1_4 Scientific data must be

validated

Valid experiments

Science toolkit

¢ The Science toolkit is

a standalone chapter

that explicitly teaches

important science

inquiry skills and

capabilities.

/SCIENCE AS
A HUMAN ENDEAVOUR//

2 10 Pathogens cause disease

Science as a human

endeavour

» ‘Science as a human
endeavour’ topics explore
real-world examples and
case studies, allowing
students to apply science
understanding.

Focus on practical work

Practical work appears at the

back of the book —

e All practical activities are
organised in a chapter at the end
of the book and signposted at
the point of learning throughout
each chapter.

Challenges, Skills labs and

Experiments

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

Focus on STEAM

Integrated

STEAM projects

¢ Take the hard work out of
cross-curricular learning with
engaging STEAM projects.
Two fully integrated projects
are included at the end of
each book in the series, and
are scaffolded and mapped
to the Science, Maths and
Humanities curricula. The
same projects also feature
in the corresponding Oxford
Humanities and Oxford
Maths series to assist cross-
curricular learning.

[STEAM project 1]

OXFORD UNIVERSITY PRESS

Digital hotspots

Icons found in the student book link
to digital resources accessible via
the obook pro.

@ Digital versions of the Check
your learning and Chapter
review questions

@ Videos
@ Digital quizzes
@ Interactives

Test your skills and

capabilities

e This section

210Test your skills and capabiliies

provides scaffolded
opportunities for

students to apply

their science

understanding while

uuuuuuu developing skills
and capabilities.

7.6C "mestsaing ohmisaw

How can we
use sustainable
farming
practices so
that no one
goes hungry in
the future?

Problem solving through

design thinking

e Each STEAM project investigates a
real-world problem that students
are encouraged to problem solve
using design thinking.

Full digital support

e Each STEAM project is supported
by a wealth of digital resources,
including student booklets (to
scaffold students through the
design-thinking process of
each project], videos to support
key concepts and skills, and
implementation and assessment

advice for teachers.

INTRODUCING OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM vii



obook ¥

> Student obook pro is a completely digital product delivered via Oxford’s
online learning platform, Oxford Digital.

> It offers a complete digital version of the Student Book with interactive
note-taking, highlighting and bookmarking functionality, allowing students
to revisit points of learning.

> A complete ePDF of the Student Book is also available for download for
offline use and read-aloud functionality.

Focus on eLearning

Complete digital version of the Student Book

* This digital version of the Student Book is true to
the print version, making it easy to navigate and
transition between print and digital.

AUSTRALIAN CURRICULUM

4 2 Atoms have mass

Videos

» Videos are available
online to support
understanding of
concepts or key practical
activities.

INTRODUCING OXFORD SCIENCE 7-10

Quizlet
e Integrated Quizlet sets,
including real-time online

quizzes with live leaderboards, Interactive quizzes

motivatg students by providing » Each topic in the Student Book is accompanied by an
interactive games that can interactive assessment that can be used to consolidate
be played solo or as a class. concepts and skills.

Quizlet can be used for revision
or as a topicis introduced to
keep students engaged.

e These interactive quizzes provide a mix of auto- and
teacher-corrected questions, with students receiving instant
feedback on achievement and progress. Students can also
access all their online assessment results to track their own
progress and reflect on their learning.

> integrated Australian Concise Oxford Dictionary look-up feature .
> targeted instructional videos for key concepts, practicals and worked examples Beneflts for
> interactive assessments to consolidate understanding students

> integrated Quizlet sets, including real-time online quizzes with live leaderboards

> access to their online assessment results to track their own progress.

viii OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



oxforddigital.

obook

> Teacher obook pro is a completely digital product delivered via Oxford Digital.

> Each chapter and topic of the Student Book is accompanied by full teaching
support. Teaching programs are provided that clearly direct learning pathways
throughout each chapter, including ideas for differentiation and practical activities.

> Teachers can use their Teacher obook pro to share notes and easily assign
resources or assessments to students, including due dates and email notifications.

Focus on assessment and reporting

Complete teaching support
* Teaching support includes full lesson and
assessment planning, ensuring there is

more time to focus on students.

axfordcicital .-

Oxford Science Year 9

RESOURCES ASSIGNED WORK REPORTS

Reports

FILTER BY: %
. Curriculum Report

CLASS, GROUPS &
STUDENTS

Science¥R9 -

R = > > P 2
All groups - = O 000
c w0 W w W
3 h u uu
w w W w W
H cl elEl e .
H .
2 Mixtures S 8 8¢ Curriculum and assessment
INTER-YEAR LINK REPORT H t
reports
Inter-year... T . a
ODS5Student 1 25 29« NI Os | 0%  50% » Teachers are provided with
S clear and tangible evidence
of student learning progress
OD5Student 3 25« 14« [N - 0x | 0w 25% through curriculum and
OD5Student 4 s o« - o« o 5o assessment reports.

* Assessment reports directly
show how students are

00% 50% performing in each online
interactive assessment,
providing instant feedback
for teachers about areas of
understanding.

e Curriculum reports
summarise student
performance against
specific curriculum content
descriptions and curriculum
codes.

OD5Student 5

OD5Student 6

QD5Student 7

Additional resources

» Each chapter of the Student Book is
accompanied by additional worksheets
and learning resources to help students
progress.

> In addition to online assessment, teachers have access to editable class tests that are
provided at the conclusion of each chapter. These tests can be used as formative or
summative assessment and can be edited to suit the class’s learning outcomes. teachers

Benefits for

> Teachers are provided with laboratory support through experiment answer guidance,
laboratory technician notes and risk assessments to ensure safe learning experiences.

OXFORD UNIVERSITY PRESS INTRODUCING OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM

iX



AUSTRALIAN CURRICULUM:
SCIENCE 9 SCOPE AND SEQUENCE

YEAR 9 DESCRIPTION

In Year 9, students consider the operation of systems at a range of scales and how those systems respond to external
changes in order to maintain stability. They explore ways in which the human body system responds to changes in the
external environment through physiological feedback mechanisms and the reproductive processes that enable a species

to respond to a changing environment over time. They are introduced to the notion of the atom as a system of protons,
electrons and neutrons, and how this system can change through nuclear decay. They learn that matter can be rearranged
through chemical change and that these changes play an important role in many systems. They are introduced to the
concepts of conservation of matter and energy and begin to develop a more sophisticated view of energy transfer. They
explore these concepts as they relate to the global carbon cycle. Students begin to consider how well a sample or model
represents the phenomena under study and use a range of evidence to support their conclusions.

Biological sciences

Chapter 2 Compare the role of body systems in regulating and coordinating the body’s response to a stimulus,
and describe the operation of a negative feedback mechanism (AC9S9U01)

Chapter 3 Describe the form and function of reproductive cells and organs in animals and plants, and analyse
how the processes of sexual and asexual reproduction enable survival of the species (AC9S9U02)

Earth and space sciences

Chapter 6 Represent the carbon cycle and examine how key processes including combustion, photosynthesis and
respiration rely on interactions between Earth’s spheres (the geosphere, biosphere, hydrosphere and
atmosphere) (AC9S9U03)

Physical sciences

Chapter 7 Use wave and particle models to describe energy transfer through different mediums and examine the
usefulness of each model for explaining phenomena (AC9S9U04)

Chapter 8 Apply the law of conservation of energy to analyse system efficiency in terms of energy inputs, outputs,
transfers and transformations (AC9S9U05)

Chemical sciences

Chapter 4 Explain how the model of the atom changed following the discovery of electrons, protons and neutrons
and describe how natural radioactive decay results in stable atoms (AC9S9U06)

Chapter 5 Model the rearrangement of atoms in chemical reactions using a range of representations, including
word and simple balanced chemical equations, and use these to demonstrate the law of conservation
of mass (AC9S9U07)

Nature and development of science

All chapters Explain how scientific knowledge is validated and refined, including the role of publication and peer
review (AC9S9H01)
All chapters Investigate how advances in technologies enable advances in science, and how science has

contributed to developments in technologies and engineering (AC9S9H02)

Use and influence of science

All chapters Analyse the key factors that contribute to science knowledge and practices being adopted more
broadly by society (AC9S9H03)
All chapters Examine how the values and needs of society influence the focus of scientific research (AC9S9HO04)

X OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



Questioning and predicting

All chapters Develop investigable questions, reasoned predictions and hypotheses to test relationships and develop
explanatory models (AC959101)

Planning and conducting

All chapters Plan and conduct valid, reproducible investigations to answer questions and test hypotheses, including
identifying and controlling for possible sources of error and, as appropriate, developing and following
risk assessments, considering ethical issues, and addressing key considerations regarding heritage
sites and artefacts on Country/Place (AC959102)

All chapters Select and use equipment to generate and record data with precision to obtain useful sample sizes
and replicable data, using digital tools as appropriate (AC959103)

Processing, modelling and analysing

All chapters Select and construct appropriate representations, including tables, graphs, descriptive statistics, mod-
els and mathematical relationships, to organise and process data and information (AC9S9104)

All chapters Analyse and connect a variety of data and information to identify and explain patterns, trends, relation-
ships and anomalies (AC959105)

Evaluating

All chapters Assess the validity and reproducibility of methods and evaluate the validity of conclusions and claims,
including by identifying assumptions, conflicting evidence and areas of uncertainty (AC959106)

All chapters Construct arguments based on analysis of a variety of evidence to support conclusions or evaluate
claims, and consider any ethical issues and cultural protocols associated with accessing, using or
citing secondary data or information (AC959107)

Communicating

All chapters Write and create texts to communicate ideas, findings and arguments effectively for identified purpos-

es and audiences, including selection of appropriate content, language and text features, using digital
tools as appropriate (AC959108)

By the end of Year 9, students explain how body systems provide a coordinated response to stimuli. They describe how the
processes of sexual and asexual reproduction enable survival of the species. They explain how interactions within and between
Earth’s spheres affect the carbon cycle. They analyse energy conservation in simple systems and apply wave and particle models
to describe energy transfer. They explain observable chemical processes in terms of changes in atomic structure, atomic
rearrangement and mass. Students explain the role of publication and peer review in the development of scientific knowledge
and explain the relationship between science, technologies and engineering. They analyse the different ways in which science and
society are interconnected.

Students plan and conduct safe, reproducible investigations to test or identify relationships and models. They describe how they
have addressed any ethical and intercultural considerations when generating or using primary and secondary data. They select
and use equipment to generate and record replicable data with precision. They select and construct appropriate representations
to organise, process and summarise data and information. They analyse and connect data and information to identify and explain
patterns, trends, relationships and anomalies. They analyse the impact of assumptions and sources of error in methods and
evaluate the validity of conclusions and claims. They construct logical arguments based on evidence to support conclusions and
evaluate claims. They select and use content, language and text features effectively to achieve their purpose when communicating

their ideas, findings and arguments to specific audiences.

Source: Australian Curriculum, Assessment and Reporting Authority 2022
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fig 3, p.159 fig 4, p.160 fig 5, p.160 fig 6.
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Chapter 8: Alice Mora and Maurizio
Campanelli, p.168 fig 1; PCN
Photography/Alamy Stock Photo, p.171

fig 3; Shutterstock, p.162, p.163 (all), p.165
fig 2, p.165 fig 3, p.169 fig 2, p.169 fig 3,
p.174 fig 4, p.174 fig 5.

Chapter 9: Pikovit/Science Photo Library,
p-184 fig 1; Laurent Hamels/Getty Images,
p-210 fig 1; Shutterstock, p.176, p.180 fig 1,
p.183 fig 1, p.183 fig 2, p.185 fig 1, p.186
fig 1, p.190 fig 1, p.193 fig 1, p.194 fig 1,
p.198 fig 1, p.200 fig 2, p.201 fig 1, p.202
fig 1, p.203 fig 1, p.208 fig 1, p.211 fig 1,
p.212 fig 1, p.214 fig 1, p.219 fig 1, p.220
fig 1, p.223 fig 1.

STEAM projects: National Museum

of Health and Medicine, Armed Forces
Institute of Pathology, Washington,

D.C., United States (Released under CC
BY 2.5), p.230 fig 1; Addictive Stock
Creatives/Alamy Stock Photo, p.230 fig 2;
Shutterstock, p.226 fig 1, p.226 fig 2.

Contents, glossary and index: Karin
Duthie/Alamy Stock Photo, p. iii (2); Phil
Degginger/Alamy Stock Photo, p. iii (5);
PCN Photography/Alamy Stock Photo,

p. iii (8); Shutterstock, p.iii (1), p.iii (3),
p.iii (5), p.iii (6), p.iii (9), p.v (all), p.234
(all), p.239, p.240 (all), p.244.

Every effort has been made to trace the
original source of copyright material
contained in this book. The publisher will
be pleased to hear from copyright holders
to rectify any errors or omissions.
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What if?

Staples

What you need: Fﬁ

Ten sheets of A4 paper, a stapler with staples

What to do:

1 Fold an A4 sheet of paper in two.

2 Staple the two halves of paper together with
the stapler.

3 Add another sheet of paper to the folded paper
so that there are now three sheets over the top
of each other.

4 Staple all the sheets together with the stapler.

Repeat steps 3 and 4 until the stapler is unable
to penetrate all the sheets of paper effectively.

What if?
» What if another stapler was used?
» What if another brand of staples was used?

» What if different paper was used?



Learning intentions

By the end of this
topic, you will be
able to:

e explain the
differences
between
variables, the
independent
variable and
the dependent
variable, in
terms of what
is controlled,
changed or
measured

e describe how
sample size and
repetition affects
the reliability of

a test
e write a scientific
report with
all relevant
sections.
valid

where a test investigates
what it sets out to
investigate

reproducible

the ability to repeat and
replicate a test exactly

Scientists can test
manufacturers’ claims

Key ideas

¢ The scientific method involves forming a hypothesis, planning an experiment that
controls the variables, gathering data, analysing results, drawing a conclusion and

communicating the results.

e Consumer science is a branch of science that involves applying the scientific method to

the claims made by manufacturers.

No matter what you buy — toilet paper, a
smartphone or a bottle of water — you are a
consumer. As a consumer you make choices
and you expect certain things from the
products you buy.

Consumer science case
study

In 2004, two New Zealand science students,
Jenny Suo and Anna Devathasan, exposed

a startling fact about the fruit juice drink
Ribena while conducting research for their
school’s science fair. Jenny and Anna decided to
compare the vitamin C content of different fruit
juice drinks to see if the manufacturer’s claims
on the labels were correct. The label on Ribena,
which contains blackcurrant juice, implied
that it had a much higher vitamin C content
than the other fruit juice drinks they tested.

Figure 1 Jenny Suo and Anna Devathasan
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It said: “The blackcurrants in Ribena contain
four times the vitamin C of oranges’. The
students therefore predicted that Ribena would
have four times the vitamin C content of
orange fruit juice drinks.

Jenny and Anna developed a test for the
vitamin C content of Ribena and several
other fruit juice drinks, using the scientific
method. They ensured that their tests were
valid and reproducible. This meant that
they needed to use a test that identified the
amount of vitamin C in a liquid (that is, the
claim they were testing) and that it could
be repeated many times to achieve the same
results. They controlled all variables in the
tests. The only difference between their
repeated tests was the brands. Jenny and Anna
repeated the test three times to ensure the
precision of their results. After each trial, they
re-examined their data to make sure that the
results were similar to previous trials and to
check if there were other variables that they
needed to control.

The students were surprised to find that
the vitamin C content of Ribena was far
lower than most other brands. But because
they had followed the scientific method,
they were confident that their results were
reliable. For this reason, they contacted the
manufacturer about the misleading labelling
and advertising. When no response was
received, they brought their case to a national
consumer affairs program.

After their case was broadcast, and after
further testing of Ribena, the New Zealand
Commerce Commission brought 15 charges
against the manufacturer under the Fair
Trading Act 1986 (NZ.).
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1.1: What if the absorbency
of different paper towels was
compared?

Go to page 178.

-
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Figure 2 Ribena was found to contain less
vitamin C than its competition, despite the
manufacturer’s claims.

The scientific method
at work

Jenny and Anna were sure of their results
because they followed the scientific method.
Figure 3 shows the stages of the scientific
method. Several stages of the scientific method
are described in a formal scientific report of
the investigation.

Question

v

Prediction

v

Hypothesis

v

Aim

v

Variables

v

Experiment

>

—> Method

v

Results

v

Discussion

Do the results
support the
hypothesis?

<+

Conclusion

Figure 3 The scientific method
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Hypothesis

The scientific method involves developing a
plan to test a hypothesis that can come from
a ‘what if” question. For Jenny and Anna, this
question was:

‘What if the vitamin C content of Ribena
was compared with other fruit juice drinks?’

This then became a prediction using the
words ‘if” and ‘then’:

‘If the vitamin C content of Ribena is
compared with other fruit juice drinks, then
Ribena will have more vitamin C per millilitre.”

A hypothesis should also include the idea or
theory on which the prediction is based. This is
done through the use of ‘because’

‘If the vitamin C content of Ribena is
compared with other fruit juice drinks, then
Ribena will have more vitamin C per millilitre
because blackcurrants have a greater vitamin C
content than other fruits.’

A hypothesis should be based on some
underlying suspicion, prediction or idea that
is based on previous observations. It must
be very specific (operational) so that it can
be tested.

Variables

A hypothesis should be tested in an objective way.
For example, for a fair comparison of the fruit
juice drinks, Jenny and Anna needed to design
an experiment that identified all the variables
that would be operating. The variables in an
experiment are the factors that will affect the
results in some way. These could include the
volume of the fruit juice drinks tested, and the
age and temperature of the fruit juice drinks.

variable

something that can affect
the outcome or results

of an experiment
independent variable

a variable (factor) that is

. . changed in an experiment
To test the hypothesis, all the variables & P

should be controlled except for the one being
tested. This is known as the independent
variable, and in Jenny and Anna’s case it was
the brand of the fruit juice drink being tested.
The variable being measured at the end of
the experiment is the dependent variable, in
this case, the amount of vitamin C in a fruit
juice drink. Figure 4 on page 6 shows the the
variables in Jenny and Anna’s investigation.

dependent variable

a variable in an experiment
that may change as a
result of changes to the
independent variable

CHAPTER 1 SCIENCE TOOLKIT 5



sample size

the number of subjects
being tested or used in an
experiment

correlated

when results in an
experiment show that
independent and dependent
variables are related

Independent variable
Brand of fruit juice

£
E
1
kS
F
s

Controlled variable
Volume of juice

SUN MON TUE WED TMU FRI SAT

0 y 3 3 4

Dependent variable
Amount of vitamin C in juice

R=
E
i)
2 &
50
g
<

Controlled variable
Age of juice

Brand of juice

Controlled variable
Temperature of juice

-

Figure 4 The variables in the experiment

Method

In this section, a scientist describes the
materials and equipment they used, including
the concentrations and brands they tested.
Diagrams are also useful to illustrate the steps
taken. Remember to label all equipment in the
diagram and to give the diagram a title.

The number of times you repeat an entire
experiment is referred to as repetition. The
more times an experiment is repeated to obtain
an average, the more likely it is that the results
are reliable.

The sample size refers to the number of
subjects being tested or used in the experiment.
The greater the sample size, the more reliable
the results will be and the stronger the evidence
available to support the conclusion.

Results

The observations you make, or the data you
collect, during your experiment are written
down as the results.

6 OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM

All observations should be what you
actually see and not what you expect to see.
Data can be organised into a table format
and/or a graph to make it easier to understand.

Discussion

Once all the results have been gathered, they
need to be analysed for any patterns that show
if the independent variable and the dependent
variable changed in a similar way. If they did,
this means the results are correlated.

Conclusion

A conclusion answers the initial question asked
about the experiment. It provides evidence that
supports or refutes the hypothesis. Any further
investigations that may need to be done are
outlined in this section.

Figure 5 summarises the steps Jenny and
Anna took to test the Ribena manufacturer’s
claim using the scientific method.
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Identify a claim
from a manufa-

cturer that you want
to test.

Think of a “What
if?’ question that

Identify all of the

factors that will
affect the results.

The independent
variable is the
product linked to

\J
Describe the
materials and
equipment you are
using (including
specific details
about the products
you are testing).

\i
Write down the
observations you
make and the data
you collect. Data
can be presented in
a table or graph.

\J
Analyse the results
and look for
patterns. Discuss if
and how the
independent and
dependent variables
have changed.

\J
State whether the
results of your test
support or refute
your hypothesis and
whether this means
the manufacturer’s
claim is true

could be used to the manufacturer's or false.
test the claim. claim. All other y

variables should be List the steps you
What if I did this? controlled and are taking.

‘ tested under the

same conditions as
the independent
variable.

Form a prediction

using the words if’

and ‘then’.

The dependent

variable is what you

measure at the end

| of the experiment
v and it will help you

Include the idea determine if the

or theory your manufacturer’s

prediction is based e s e

on by using the o Bk,

word ‘because’.

If I do this, then the
result will be ...

If I do this, then the
result will be ...
because ...

Figure 5 Testing a manufacturer’s claim using the scientic method

5 Evaluate the claim that ‘an increased sample size
makes an experiment more reliable’. Justify your
answer by:

1 Define the term ‘hypothesis’.

> defining the terms ‘sample size’ and ‘reliable’
2 Explain why an experiment should have a clear and

detailed method.

> explaining the effect of increasing the sample size
in an experiment
> deciding whether increasing the sample size makes

3 Consider the following statement: an experiment more reliable.

‘If participants in Group A use Brand A toothpaste

for six weeks, then they will have whiter teeth than

participants in Group B, who used Brand B toothpaste

for six weeks.’

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

b Identify the independent and dependent variables
being tested.

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

Describe how a hypothesis that is shown to be wrong
can still be useful. Justify your answer (by providing
an example that matches your description).

OXFORD UNIVERSITY PRESS

Scientists often have to present their findings to the
public in order to get action taken. Sometimes this is
difficult, so they need to be sure that their findings are
reliable. Discuss how the scientific method ensures that
the findings are valid by:
> defining the terms ‘independent variable’ and
‘dependent variable’
> describing the importance of controlling all
other variables
> identifying why it is important for the method to
be repeatable.

Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at
your level.



Learning intentions

By the end of this
topic, you will be
able to:
e define accuracy
and uncertainty
e identify
the correct
equipment
to use to get
an accurate
measurement
e describe how
experimental
errors can affect
the outcome of
an experiment.

accuracy
how carefully, correctly
and consistently data
have been measured or

processed; in science, how

close a measured value is
to the true value

J

®

Figure 1 A buretteis a
laboratory instrument
used to accurately
measure the volumes
of liquids.

uncertainty

a quantitative measurement

of variability in data

Scientists must be aware
of experimental errors

Key ideas

¢ |n scientific investigation, measurements can only show that a hypothesis is correct if the

measurements are accurate.

e To achieve maximum accuracy, the measurement must be taken carefully, using the most

suitable measuring device.

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

Choosing the right device

Choosing the right instrument is the first step
in making sure the measurements are close

to the expected true value (accurate). For
example, if you needed to accurately measure
the volume of a liquid, then you would use

a burette or a measuring cylinder, but not a
beaker. A beaker usually has a few general
marks on the side of the container as an
approximation of the volume. A measuring
cylinder has many more marks that are closer
together. This is a more accurate scale with less
approximation of volumes than given by the
marks on a beaker. A burette has more marks
closer together than a measuring cylinder.

A burette’s scale is more accurate than a
measuring cylinder’s.

Figure 2 Traditional scales relied on the scientist’s

judgement of the top bar being horizontal.
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There are many different ways to measure
the mass of a sample. Traditionally, a set of
scales was used with weights on one side and
the substance on the other. Scientists who used
these devices needed to estimate when the top
of the scale was horizontal in order to have an
accurate measurement.

Before a scale was used, the scientist would
check that the top of the scale was horizontal
when no weights were used. Today, scientists
use digital balances to measure the mass of
a substance. They still check that the scale is
‘zeroed’ before their sample is added. This is
done by selecting TARE and checking that the
reading is 0.00. If this is not done, then every
measurement will be inaccurate.

Depending on the scale, the measurements
may be accurate to 2, 3 or 4 decimal places.

It is always important to write down all the
significant figures that are provided by the
measuring devices.

Uncertainties

Sometimes the amount that is being measured
is between two values. This can happen when
measuring the volume in a measuring cylinder.
For example, the bottom of a meniscus is
between 4.4mL and 4.6 mL. While most
people would estimate the volume as 4.5mL, a
scientist needs to show the level of uncertainty
in the value. When this occurs, the volume
should be recorded as 4.5 £ 0.1mL. This
means the volume could be any value between
4.4 and 4.6 mL.

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

OXFORD UNIVERSITY PRESS



Worked example 1.c2A: | Worked example 1l.2B: Calculating

Adding uncertainties ! uncertainties
Ali was adding two liquids together. They A class was measuring the height of seedlings that were given fertiliser.
measured the first volume as 5.5 £ 0.1 mL Their results are shown in the table below.
and the second value as 7.3 £ 0.2mlL. ‘ Gl Growth lem]
Calculate the final volume of the liquids = rowth em !
when they were added together. ! 13 ]
2 2.1 i

Solution 3 ”
When adding values, the uncertainties 4 14
should also be added. - 2'3
55%0.1mL+73%0.2mL , 13

=(5.5+7.3) £ (0.1 + 0.2)mL ; 1'9

, =12.8+0.3mL :
Calculate the mean growth (including the uncertainty) of the seedlings.
The level of uncertainty can also be shown Solution

when there are many different measurements .
. . First calculate the mean of the data.

taken during an experiment. For example,

an experiment that measured the amount of Mean seedling growth =

time it took for a ball to fall from the table to

the floor may have slightly different numbers

Sum of seedling heights
number of seedlings
13421 +14+14423+1.1+19

depending on how quickly the scientist stopped 7

the stopwatch (3.3 seconds, 3.6 seconds, = 1.5

3.0 seconds). In previous years, you may have 7

calculated the mean of the times (3.3 seconds). =1l.6cm

A scientist should also provide the level of Determine the maximum and minimum values of the seedling height.

uncertainty of this value (3.3 + 0.3 seconds) to

show the highest and lowest values measured. Minimum value = 1.1; Maximum value = 2.3

Calculate which of these values is furthest from the mean.
1.6-1.1=0.5
23-16=0.6

Select the largest of these values to become the uncertainty.

Mean seedling growth = 1.6 + 0.6cm

Retrieve Analyse 5 Calculate the value and uncertainty
of the final volume when solution

1 Define the term ‘uncertainty’. 4 Calculate the volume and )

2 Define the term ‘accuracy’. uncertainty of the volume shown A 1(23. 8 iBO(I 23 H;I:r) (1)8 zaddLe)d w
in Figure 3. solution 2T 0.2m o

Comprehend 6 Calculate the mean and

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

uncertainty of the following values:
8 19.6, 12.9, 21.8, 11.2.

TR

a beaker. -
Quiz me
@ Complete the Quiz me to check
6 how well you've mastered the
Figure 3 Water in a learning intentions and to be
measuring cylinder assigned a worksheet at your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e describe the
purpose of Safety
Data Sheets
and provide
examples of
some of the types
of information
included on them.

SEPOOOH@

Figure 1 Pictograms such
as these are often seen on
the labels of chemicals,
to communicate specific
hazards.

Sclentists prepare
Safety Data Sheets

Key ideas

e A Safety Data Sheet (SDS) contains information about a chemical, such as its various
names, the dangers involved in its use and the precautions that should be taken when

handling the chemical.

e SDSs should be prepared for all the reactants used and the products produced during

science experiments.

Anticipate, recognise and
eliminate

Scientists work with many hazardous materials
when completing experiments. As a result, they
need to be aware of anything that might affect
their health or safety in the laboratory. The
laboratory is a safe place, provided hazards are:
> anticipated

> recognised

> eliminated or controlled.

Safety Data Sheets

A Safety Data Sheet (SDS) provides scientists
and emergency personnel with information on
how to use a particular substance. An SDS also

Figure 2 Emergency workers in sealed positive-
pressure protective suits communicating with
each other

10 OXFORD SCIENCE 9 AUSTRALIAN CURRICULUM

helps scientists understand more about how the

chemical should be used during an experiment.
Safety Data Sheets can contain a lot of

information, some of which is demonstrated in

the example provided in Figure 4. An SDS can

also include:

> How to dispose of the chemical safely.
This section should include what disposal
containers should be used, the effects of
sewage disposal and the special precautions
that may be needed to ensure the safety of
individuals and the environment.

> How to transport the chemical.
Information should include any special
precautions for transporting this chemical.
This may include the Hazchem code (the
code provided by the government for each
class of chemical).

> An Australian telephone number of the
Office of Chemical Safety.

> The date the SDS was last reviewed.
The hazards identified in the Safety Data

Sheet are often used by industries to create

safety signs which they display around the

work environment.

ection and
Goggles must be worn

Carcinogen
__' VURCCESS L .
Figure 3 The hazards identified in the SDSs
are displayed by many industries, including the
mining industry.

BT e e ———— 5
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Figure 4 Example of an SDS from a manufacturer or certified provider

Retrieve
1 Define the term ‘SDS’.

Comprehend

2 Explain why it is important to review
SDSs before starting an experiment.

3 Explain why it is important to have all
the different names of a chemical on
its SDS.

4 Describe the types of personal
protective equipment (PPE) you have
in your laboratory.

OXFORD UNIVERSITY PRESS

Analyse

5 Find an SDS for one of the chemicals
used in Challenge 2.11. Identify the

different sections in the SDS. Compare

your list to your neighbour’s list.

Apply

6 Determine the name and contact
details of the government body in your
state that regulates chemicals.

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and

to be assigned a worksheet at your level.

The various names of the SAFETY DATA SHEET
chemical Sodium Chloride: Hazardous chemical
This includes its chemical Section 1 - Identification -
name and its common generic MSDS name: Sodium Chloride /{ Contact details of the manufacturer
name, its c?ncemratlon and Synonyms: Common salt; Halite; Rock salt; Saline; Salt; Sea salt; Table salt.
et ex;mf)le,( Company identification: Chemical company Ll
H%};;};rne;;;(;i_ 1}:(;21‘?:2(1)3)0 Section 2 - Hazard(s) identification Hazard !evel of the cherpical
. Eye and skin: May cause eye irritation. All chemicals should contain labels
called pseudoephedrine. B : .
Ingestion: Ingestion of large amounts may cause gastrointestinal irritation. rela.tmg to(thelr particular d_a,nger S
Ingestion of large amounts may cause nausea and vomiting, rigidity This may 1n§¥ude ﬂa}m(mablhty‘ =
" " or convulsions. corrosive ability, toxicity and ability to
Physwa..l and chemical Inhalation: May cause respiratory tract irritation. cause long-term damage, such as
properties of the < L . 5 . cancers. The risks can be shown using
substance P J= == CECTET Lol descriptions or the symbols shown
Everyone in a laboratory / Physical state: Solid in Figure 1.
should be able to easily Appearance: Colourless or white
identify the chemical. Odour: Odourless
The SDS should include Boiling point: 1413 deg C
the colour, smell, pH, Freezing/melting point: 801 deg C
flammability, solubility, Solubility: Soluble
melting and boiling points of Specific gravity/density: 2.165
the chemical. Molecular formula: NaCl
Molecular weight: 58
Section 4 - First aid measures
Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting What to do in the case of a
the upper and lower eyelids. Get medical aid. spill
Skin: Flush skin with plenty of soap and water for at least 15 minutes while This includes first aid
removing contaminated clothing and shoes. Get medical aid if irritation measures, any antidotes,

N " develops or persists. Wash clothing before reuse. symptoms that mig}‘n result
Flre-ﬁght'flg measures Ingestion: If victim is conscious and alert, give 2-4 cupsful water. Get medical aid. from exposure and if personal
Sorﬁe chemicals pmf:luce Wash mouth out with water. protective equipment (PPE)

::ch f“{;‘es (K;;fre ‘};ghl?' I Inhalation: Remove from exposure to fresh air immediately. If breathing is difficult, 1 recommepded for the

ammabie. cr chemicas give oxygen. Get medical aid if cough or other symptoms appear. aiders. Advice may l?e needed
become more dangerous if ™~ B o on how to cover drains to
they are exposed to water. B Section 5 - Fire-fighting measures prevent the chemical making
Firefighters may need General information: Water runoff can cause environmental damage. Collect water its way into ground water.
special equipment. used to fight fire. Wear appropriate protective clothing to prevent contact

with skin and eyes. Wear a self-contained breathing apparatus (SCBA) to
prevent contact with thermal decomposition products. Substance is
Usage instructions and noncombustible. /
restrictions S 6 - Accid [ release es
Some chemicals may form a Spills/leaks: Vacuum or sweep up material and place into a suitable disposal container.
dust that can Eka_}de' For P ' Clean up spills immediately, observing precautions in the Protective
ex.ample, workers in ﬂ_our Equipment section. Avoid generating dusty conditions. Provide ventilation.
mills need to be especially , h
aware of flour dust. This ——1e Section 7 - Handling and storage
section provides information Handling: Use with adequate ventilation. Minimise dust generation and accumulation.
about how to safely handle Avoid contact with eyes, skin, and clothing. Keep container tightly closed. Protective measures
and store the substance to Store in a cool, dry, well-ventilated area away from incompatible Information on the eye and
minimise the risks. substances. Store protected from moisture. face protection needed, the
Section 8 - Exposure controls and personal protection -~ type Of.EIOVCS 0}‘ 5151" g
IF;ngine:lring :or:mls: Good general ventilation should be used. g;ZZ?ﬁféo:eizqg:em:;{s. ¢
ersonal protective
Eyes: Wear safety glasses with side shields.
Skin: Wear appropriate gloves to prevent skin exposure.
Clothing: Wear appropriate protective clothing to minimise contact with skin.
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Learning intentions

By the end of this
topic, you will be
able to:

e describe factors
that affect the
validity of an
experiment

e identify the
validity of
secondary
sources

e explain why
extrapolating
data can
introduce errors.

Sclentific data must be

validated

Key ideas

e Avalid experiment tests the scientific question being asked.

e Scientists justify their claims (using multiple sources of evidence).

e Scientists must be ethical.

Valid experiments

Many manufacturers make strong claims that
their product is better or improves everything
from health and fitness to cleanliness. These
companies may also show data that they say
supports their claims, but it is always worth
looking at the way the experiment was done to
check if it was a valid test. Valid experiments
will measure data directly related to the
scientific question and hypothesis.

Things to consider include:
> Are all the variables controlled?
> Are there any errors in measurement?

> Were the correct instruments used to
measure relevant data?

> Is there any other plausible explanation for
the results?

> Were the data manipulated to fit
expectations?

An example of a poorly designed
experiment is one based on the scientific
question ‘Does chocolate cause weight gain?’.
The researchers compared the weight and
diets of two groups of people. They found that
everyone had different diets, but the people in
the healthy weight group ate more chocolate
than the people in the overweight group.

The researchers could have concluded that
chocolate made people lose weight, but they
knew that the experimental comparison was not
valid because there were too many uncontrolled
variables. This meant that there were many
other factors (overall diet or exercise) that could
have contributed to the results. The experiment
also assumes that weight is a measure of a lack
of health. A person who does a lot of exercise

or who builds up muscle mass may be heavy
but will also have low body fat. This means the
experimental comparison fails the valid test for
both method and measurement.
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Validity of secondary
sources

Social media is full of big claims and

headlines quoting the latest scientific claim.
These claims cannot be trusted unless they
pass the validity and credibility tests. There are
a number of things to look for before the claim
is even read.

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

Some big headlines are written by companies
that are wanting you to buy their product.
Cosmetic companies will make claims that
their skin cream will make you look younger,
while car companies will claim that their

oil will make your car run more smoothly.
They will write an article or claim that will
quote scientific data that make their product
look the best and will often ignore data that
disagree with their claim. Always consider why
the article was written and if it is biased to a
particular view.

A current claim does not just mean the most
recently written article. While the date on the
article of claim is important, it is worth checking
if the data match other available data.
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It is easy for a group of non-scientists to
write an article each week with a new claim, but >
it is important to check if the data are able to be
reproduced by other scientists. Does it fit with
current research, or is it from the same group
of people using the single set of data?

Is the publisher reputable?

Social media has a wide mix of trustworthy

as well as untrustworthy publishers. This

also happens with some online ‘scientific’
journals. There are some websites that claim
to be scientific journals, but they are ‘pay to
publish’ sites. These websites will publish any
article that is written as long as the authors
pay the company. In 2005, MIT students used
a computer to generate random science and
jargon words in a science paper. They then
submitted the paper to a variety of science sites

around the world. Some sites published the fake

science paper. A good publisher will always
peer review a paper before publishing. This
means that the paper will be checked by other
scientists who have been trained in the area.

Extrapolating graphs

Graphs can be used to show data that has
been collected, but it can also be used to
analyse the data and to make a conclusion.

Comprehend 5
1 Describe the factors that contribute
to the validity of an experiment.
2 Describe what is meant by the
phrase ‘pay to publish’.
3 Explain why extrapolating a Ap
graph can lead to errors. 6

Analyse

4 Contrast what is meant by the
terms, ‘current’ and ‘recent’ in
scientific publishing.
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When drawing a graph, it is important to:

label each axis (with units)

> scale the axis so that it uses the space

available

Figure 1a Peer-reviewed
articles in science
journals are a valid
secondary source because
they have been checked by
other scientists. b Posts
and articles on social
media are not always a
valid source because they
have not been checked

for credibility and posts
can often be sponsored

by companies with their
own agendas.

> consider if the line should pass through the

origin (0,0)

> plot the graph and draw the line of best fit

> identify and explain any outliers.

Extrapolation occurs when data

are estimated outside the known values.
Extrapolating a graph occurs when a line
is drawn for the estimated values. This can
introduce an error to the data, because there
is no data collected to support the conclusions

that have been made (Figure 2).

10

extrapolation
estimating unknown values
from trends in known data

Mass produced (g)

0 !

0

Time (s)

50 60

Figure 2 The data were only collected for 50 seconds. Extrapolating
the data to 60 seconds can introduce errors.

Identify a source of secondary
data from your social media.
Judge the validity of the claim
made in the information using the
methods described.

ply

Identify which of the following
doctors below could be trusted
to comment on vaccines. Justify
your decision (by describing the
qualifications of each type of

doctor and comparing these to
the type of information needed
on vaccines).

>
>

>

@

CHAPTER 1 SCIENCE TOOLKIT

PhD of English literature
veterinarian

epidemiologist

Quiz me

Complete the Quiz me to check
how well you've mastered the
learning intentions and to be
assigned a worksheet at your level.

13



//SCIENCE AS
A HUMAN ENDEAVOUR//

1 5 Scientists investigate
. consumer products

Learning intentions Working in groups of two or three, design an experiment to
By the end of this investigate an everyday consumer product. Your aim is to

topic, you will be practise using the scientific method.
able to:

e describe the Use the Test your skills and capabilities’ questions on
factors involved the next page to design an experiment that investigates

in designing a duct
valid experiment consumer progucts.

and explain how
to increase the
reliability of
results

provide examples
of common
errors that
should be
minimised or
avoided

present data in
an appropriate
manner.

Figure 2 More consumer products to
Figure 1 Investigating a consumer product: nail polish investigate: bottled water and 