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Using Oxford Science
Oxford Science is a series developed to meet the requirements of the Victorian Curriculum: Science
across Years 7 to 10. Taking a concept development approach, each double-page spread of Oxford
Science represents one concept and one lesson.

2.3

Population size depend
and biotic factors

2.4

2.6

Energy enters the ecosys
through photos ynthesis

spatula, dried yeast, warm
ruler,
water, sugar, test tube,
thermometer, timer

What to do:

tem

yeast into
Add 1 spatula of dried
leave
5ml of warm water and
adding
for 10-15 minutes before
test tube.
1 spatula of sugar to the
re of thr
temperatu
the
2 Measure
the
water at the point of adding
sugar.
yeast
the
of
3 Measure the height
of the
culture (an indication
from the
number of yeast cells)
is the
base of the test tube. This
minutes.
measurement at t = 0
of the
4 Measure the height
culture every minute for

1

5

an ecosystem

Human management of

2.10 continues to change

Concept development

What you need:

an ecosystem

Human activity can disrupt

2.9

Yeast cultures

tems

Natural events can disrupt

Student-directed inquiry is encouraged throughout this series using
a simple questioning technique. As the series progresses, students
discover that their own What if questions are actually testable ‘if and
then’ hypotheses. For example, 'What if the bubble is touched with a
finger' becomes 'If the bubble is touched with a finger, then it will pop'.

What if?

tem

ecosys
Energy flows through an

Matter is recycled in ecosys

2.8

The unit heading
introduces the
concept.

s on abiotic

may disrupt
Introducing a new species
tem
the balance in an ecosys

2.5

2.7

2

Relationships between
ial
organisms may be benefic
or detrimental

E

2.2

What if?

ECOSYSTEMS

All living things are
dependent on each other
and the environment
around them

Students are given access to the chapter concepts at the start of
every chapter. Each double-page spread of this series represents
one concept. Students explore concepts one-by-one, encouraging
incremental learning and, by the end of the chapter, complete
understanding.

15 minutes.
Draw a graph of your results.

What if?

PL

2.1

added to
» What if hot water was
number
the culture? (Would the
faster?)
of yeast cells increase
was added
» What if ice-cold water
to the culture?
was
sugar
much
» What if twice as

ecosystems

added?

added?
» What if no sugar was
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Matter is recycled in
2.7 eco
systems

Each unit begins
with a short
summary of the
concept.

Atmosphere CO

2

SA

Humans can alter the water
cycle. For
Matter cannot be created
example, cutting down
or destroyed.
rainforests changes
Th is means matter must
the amount of water vapour
be
in the air (due to
recycled. The cycling of
transpiration), which alters
matter
precipitation.
from the atmosphere or
Water
is not available equally in
the
all
Earth’s crust and back
ecosystems. Water that
again
has evaporated from
is called a biogeochemical
a desert may later fall as
rain on a forest
cycle (bio means ‘living’;
thousands of kilometres
away. Australia is a
geo means ‘earth’).
good example of this situation:
some areas
Decomposers are essential
may be in drought and
others may have
to the cycles of matter
floods, and organisms in
ecosystems in both
– they break down dead
areas may be affected.
matter and convert it into
simple substances that
Carbon cycle
can
be reused by plants.
Carbon is found as carbon
dioxide in the air
and in compounds such
as sugars, proteins
Water cycle
and lipids (such as fats)
in the bodies of living
The global water cycle
organisms. Globally, the
is driven
return of
by heat from the Sun. Th
dioxide to the air by respiration carbon
ree
is balanced
major processes driven
by its removal in photosynt
by solar heat
hesis. Other ways
are precipitation (rain,
of returning carbon dioxide
snow, sleet),
to the air include
evaporat ion and transpira
the burning of fossil fuels,
tion from
bushfi
plants. These processes
decomposition of dead matter. res, and the
continuously
The natural
move water between land,
balance of this cycle is disturbed
oceans and
by excess
the atmosphere. On land,
burning, which contribute
the amount of
s to the enhanced
precipitation is greater
greenhouse effect.
than the amount of
evaporation/transpiration,
and the excess
water feeds lakes, rivers
Termites recycle carbon
and groundwater,
all of which flow back into
Plant cell walls are made
the sea.
of cellulose, a
complex carbohydrate that
is insoluble in

Figure 2.33 Logging
rainforest s can affect
precipitation.

Every spread is
linked to one or more
experiment, challenge
or skills task as a
practical application
of the concept.
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Figure 2.34 The carbon
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number of volcanoes

are found. This provides
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Ocean

Earth’s crust

Marine deposits

cycle.

water and does not break
down easily. Fungi
are able to break down cellulose
and play a
major role in the decompos
ition of
fungi require a moist environme wood, but
nt in which
to live. In the drier areas
of Australia, such
as the forests and woodland
s in tropical and
subtropica l areas, as well
as the savannah
grasslands, termites have
a major role in the
decomposition and recycling
of carbon.
Termites are social insects
and live in nests.
You may have seen termite
mounds in drier
parts of Australia. Microorga
nisms in the guts
of termites break down the
cellulose of plant
material, such as grasses,
plants and wood.
Scientists have estimated
that termites might
recycle up to 20% of the
carbon in ecosystems
such as the savannah grasslands
.
Figure 2.35 A termite
mound in the savannah
of northern Australia.

Check your learning 2.7

Remember and understa

nd

1 What is matter?
2 Distinguish between
energy and
matter.
3 Distinguish between
a flow of energy
and a flow of matter in
an ecosystem.
4 When scientists talk
about the carbon
cycle, what do they mean?

Apply and analyse

Transforming bound

5 ‘You are eating the
same atoms that
were in dinosaur poo!’
How accurate
is this statement? Provide
evidence to
support your answer.

ECOSYST EMS

31

Every double-page
spread ends with Check
your learning questions,
allowing students
to consolidate their
understanding. Questions
are graded according
to Bloom’s Taxonomy –
catering for a range of
abilities and learning
styles.
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NG PL ATES

Accessibility and
engagement

aries

another along
One plate can slide past
4.10). Th is is
a single fault line (Figure
boundar y. A fault
called a transforming
movement has
is a fracture in rock where
occurred.
in a
The two plates involved
can become
transforming boundar y
time until the
jammed over a period of
the plates slip.
pressure builds up and
kes such as
Th is slipping causes earthqua
destroyed San
the large earthqua ke that
the rock of the
Francisco in 1906, where
by up to 5 metres.
transform fault slipped
or
Plate material is not created
slide against each
destroyed; the plates just

Figure 4.10
Transforming
boundaries: one
plate slides against
another.

Oxford Science has been engineered
to be accessible to all science students.
We believe that science students are
served best when they are free to focus
on learning the knowledge and skills of
science in simple accessible language,
crafted into short sentences. Students will
be engaged by the inclusion of stunning
photography throughout.

other.

image of the Southern
Figure 4.11 A satellite
Alpine Fault, a
Alps, New Zealand. The
, runs along the western
transforming boundary
on the South Island.
edge of the snowline

Diagrams and photos
are used to illustrate
the concept and engage
students.

Marine production

Marble carbon sediments

LUM

Figure 4.12 The San Andreas
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Boundaries between the
tectonic plates can be
converging, divergenting
or transforming

the Pacific
fire is an area around
Figure 4.9 The ring of
.
hints of a tectonic boundary
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Photosynthesis

Biomass

M
Cycles of matter

Body text elaborates
on the concept in
clear and accessible
language.

4.3

Fossil fuel emissions

Similar to energy, matter
(such as atoms and molecul
es) flows through
ecosystems. Plants absorb
simple substances such
as carbon dioxide,
water and minerals, and
convert them into sugars
by photosynthesis.
Animals eating the plants
use the sugars and other
compounds. When
plants and animals die,
the matter is rearrang
ed by decomposers to
energy. In doing so, decomp
obtain
osers break down the complex
chemicals
into simple compounds,
which are reused by plants
to grow, completing
the cycle of matter. Also
similar to energy, not all
matter is passed on to
organisms in food chains
and webs. For example
, cellulose in plant cell
walls is not digested by
some animals and is instead
passed through the
body unused.

Fault in the USA.

TECTONI C PLATES
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// S C I E N C E A S
A HUMAN ENDE AVO

5.9

U R //

Radiation
is used
in medicine

The radiation produced
by isotopes can damage
the cells
in our body, or it can be
used to identify and cure
diseases.
Nuclear medicine is a
diagnostic imaging method
often
situated within X-ray departm
ents in hospitals or in
private clinics.

Science as a human
endeavour

Effects of radiation

The main reason that radiation
Figure 5.30 X-rays use
can be harmful
radiation to make
is that it can cause atoms
in other substances to images of the bones in the body.
become ions. The alpha and
beta particles have
enough mass and/or energy
to remove electrons Radiat
from the outside of atoms.
ion and medicine
This will change
the properties of the atoms.
Despite the damage that
This process also
can be caused by
causes the release of reactive
radiation, it has many uses
particles called
in medicine. The
free radicals. If this occurs
most common medical application
in our bodies,
is using
these free radicals can go
X-rays to identify damaged
on to damage other
or broken bones.
important molecules in the
Less common is the injection
body.
of radioactive
damaged, this can have serious If DNA is
isotopes into a patient. This
effects because
allows the
DNA is the molecule that
contains instructions radiation that accumulated at the site of a
for other biochemical processes.
cancer, or other damaged
tissue, to be detected
It is also a
molecule that has the ability
by special monitors.
to reproduce itself,
so the effect of one damaged
Radiation therapy uses the
DNA molecule
ability of
can be multiplied thousands
radioactive isotopes to kill
or even millions
off cancer cells.
of times as copies of the affected
Cancer cells are normal cells
DNA are
that have had
created. Many cancers linked
to radiation start their DNA slightly changed. This change is
in this way.
not enough to kill the cancer
cell. Instead it
allows the cancer cell to grow
very quickly.
Radiotherapy uses radioactive
isotopes to
cause more damage to the
cancer cell. Most
commonly, the radioactive
particle released by
the isotope is directed to the
site of the cancer.
Eventually, when the cell
is damaged enough, it
dies (a process called apoptosis).
Radiation

Concepts are linked to real-world
applications in the highly engaging
Science as a human endeavour spreads.
The Extend your understanding
questions on these spreads are designed
to be used flexibly as either homework
tasks or an extended project.

Extend your understanding

106

Experiments
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EXPERIMENT

Aim

To find out how
effective natural
systems can be at
filtering water

Materials
> 3 medium-sized
plastic pots with
drainage holes
> Gravel
> Sand
> Soil
> Plants (native
grasses)
> Mixture of castor
oil, dirt, small
pieces of paper,
water, salt
> Plastic bucket
> Water

TXT_FLCX.indd 106-107

Aim

Purification of water

Discussion

Method

you
1 Suggest a reason for any differences
drained
observed between the flow rate of
water in respect to
water
a the cloudiness of the drained
b the odour of the drained water.

one plastic
A few weeks in advance, prepare
and
pot with a layer of gravel, then sand
in this
finally dirt. Plant some native grasses
grasses
pot. You will need to wait until the
the pot before
have established themselves in
proceeding with this experiment.
gravel
with
one
pots:
plastic
1 Prepare two
the
then sand and finally a layer of dirt;
now have
other with just gravel. You should
three pots, as in Figure 9.2.
pieces of
2 Mix the castor oil, dirt, small
paper, water, salt and any other materials
of water.
you wish to include into a bucket
and
The mixture should be very cloudy
have an odour.
mixture
3 Pour an equal amount of the
collect
through each of the three pots and
base of
the solution that filters out of the
solution
each pot. Time the rate of flow of
out of the base of each pot.

type and
What effect does the different soil
on the
the presence of native grasses have
quality of water available?

Materials
> Packets of
seeds (a variety
of vegetables
or flowers is
needed)
> Small plot (20
× 20 cm) in a
garden, divided
into thirds, or 3
medium-sized
pots containing
good-quality
potting mix

What if more seeds were planted
in a pot?
Method

the soil is
1 Prepare the plots (or pots) so
them
moderately deep and smooth. Label
plot A, B and C.
same type
2 In plot A, plant six seeds of the
apart.
evenly
spread
day as evenly
3 Water the soil in all plots each
of water.
as possible with the same amount
If possible,
4 Record the growth of the seeds.
few
take photographs each week or every
If
days when the seeds begin to germinate.
plants),
the seeds become seedlings (small
the
record
and
measure their heights
results in a table.

> Measuring
cylinder or
graduated jug
for watering

Results

to drain
Record the time it took for the water
through the pots.
and
Record your observations of the odour
quality of the drained water.

Inquiry: Choose one of the following
questions to investigate.

What if more of the same seeds were
planted close together in plot B?
What if different seeds were planted
C?
between the original seeds in plot
relation to
Answer the following questions in
your inquiry.
you
1 What (independent variable) are
A?
plot
changing from
need to keep
2 Name three variables you will
the same as plot A.
of the
3 How will you measure if the growth
seedlings was affected?
the best.
grow
will
seedlings
which
4 Predict

>

>

PL

> Timer
> Containers to
collect the water
drained from the
pots

Conclusion

To investigate some
factors that affect
competition in
plants

4 When used in medicine,
radioactive
isotopes that decay relatively
quickly
are used. Explain why
this might be.
5 Where else do we see
elements and
chemicals being used
to treat disease?
Can you think of the benefits
and risks
of such treatments?
6 What are the side effects
of
radiotherapy and chemothe
rapy? Do
you think that these ‘costs’
outweigh
the potential benefits?

to
5 What sort of table will you need
show your results?
for
(Show your teacher your planning
approval.)

MATTER

draw to

107
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Results

photos
Record all results. You could take
record
showing the progress of growth and/or
the average heights of plants of different
species and record them in a table.

Discussion

1 What would be your advice to another
student who wants to perform the
experiment?
between
2 Was there evidence of competition
the seeds as they germinated? Explain
using evidence from your results.
affect the
3 Are there other factors that might
growth of seeds?
competition
4 Have you previously observed
between organisms in the natural
environment? If so, describe it.

E

EXPERIMENT

2.2

LUM
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Figure 5.32 Radioactiv
e dye injected into the
blood shows blood flow
in the blood vessels.

5.9

1 What training do you
think a nuclear
medicine technologist
might need?
Why is this?
2 Why do you think a
nuclear medicine
technologist's day begins
with
measuring the amount
of radioactivity
delivered to the departmen
t?
3 Whyy do you think the
nuclear medicine
technologist must give
the images
radiologist to make a diagnosis? to a

Careers in radiation

Fran Maestrale is a nuclear
medicine
technologist. Before the first
patient arrives
at her department, Fran must
measure the
amount of radioactivity delivered
to the
department. The isotope,
in liquid form, is
drawn up into the required
amounts and
added to ‘cold’ kits so that
the day’s scans can

Figure 5.29 Radiation
can damage the
structure of DNA
molecules.

2.1

Uniquely, experiments are organised
at the end of the book in an extended
experiments chapter, rather than being
confined to each double-page spread.
There is a link on most double-page
spreads to an experiment, challenge
or inquiry task to ensure that practical
activites remain aligned to the content.

Figure 5.31 A technetium
-99m
bone scan shows up abnormalitbisphosphonate
ies within bones.

be performed. A cold kit
is a vial containing a
finding the haemorrhaging
particular chemical agent
vessel so that it may
that, once introduced
be sealed to prevent further
into the human body, will
blood loss.
travel to
organ. Each test uses a particular a particular
Fran typically performs a
number of
compound,
these different tests each
which travels to a known
day, looking at a
organ of
variety of different pathologie
based on its chemical compositio the body
s. Nuclear
n and the way
medicine technologists must
it is introduced into the body.
be familiar with
many organs in the body
Most people referred to nuclear
in order to know
medicine
whether the images obtained
departments require bone
appear normal
scans. These may be
or abnormal. There is also
performed to diagnose cancer,
the opportunity to
investigate the
learn about the various treatments
extent of arthritis, screen
for fractures that do
for different
conditions patients can have.
not show on a plain X-ray,
Although
or look at infection
through practice they may
of bone.
be able to interpret
images
and
determine
In other cases, the blood
what pathology a person
is of interest. The
has, nuclear medicine technologi
blood of a patient can be
sts are not
‘labelled’
qualified to do this. They
with a small amount of radionucli – mixed
must present the
de.
This
is
images to the radiologist,
used to locate the site of
who is responsible
an internal bleed.
for making a diagnosis. Nuclear
Once the bleed has been
medicine
located, surgeons
technologists have a close
can operate knowing exactly
working relationship
where to begin
with radiologists, surgeons
and nurses.

Conclusion

factors that
Write a conclusion regarding the
seeds.
affect competition between germinating

Figure 9.3 What affects
the growth of seeds?

Native
grass

Dirt

Dirt

Sand

Sand

Gravel

Gravel

Gravel

B

A

C

Figure 9.2 Experimental set-up.
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Integrated teaching
and learning support

OXFORD SCIENCE 9 VICTORIAN

SA

obook assess provides an interactive
electronic version of the student book in an
easy-to-read format. It features multimedia
links, interactive learning objects, videos,
note-taking, highlighting and bookmarking
tools, and live question blocks. obook is
compatible with laptops, iPads, tablets
and IWBs, and also offers page view (in
flipbook format) that can be used offline.
assess provides 24/7 online assessment
designed to support student progression
and understanding.

Oxford Science is supported by teaching
strategies, lesson ideas, planning tips,
assessment advice and answers to all
activities. obook assess allows teachers to
manage their classes by assigning work,
tracking progress and planning assessment.
Teacher Dashboard is your online lesson

control centre, which allows you to instantly
preview or assign related teacher resources to
deliver incredibly engaging digital learning
experiences. Students can also toggle from
their obook to the Dashboard to interact with
student resources for each topic.
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Scientists can test
manufacturers’ claims

Scientists must be aware of
experimental errors

PL

1.2

Scientists prepare
Safety Data Sheets

SA

M

1.3

1.4

Scientists present their
data accurately

1.5

1

E

1.1

SCIENCE
TOOLKIT

Scientists investigate
consumer products

What if?
Staples
What you need:
10 sheets of A4 paper, a variety of
staplers with staples

What to do:
1

Fold an A4 sheet of paper in two.

2

Staple the two sheets of paper
together with one of the staplers.

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 same stapler.

5

Repeat steps 3 and 4 until the
staple 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?

01_SIL_OXSCI9_VIC_06960_TXT_SI.indd 1
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1.1

Scientists can test
manufacturers’ claims

Consumer science case
study

E

No matter what you buy – toilet paper, a smartphone or a bottle of water –
you are being a consumer. As a consumer you make choices and you expect
certain things from the products you buy. Consumer science is a branch of
science that involves applying the scientific method to the claims made by
manufacturers.

SA

M

PL

Several years ago, two New Zealand science
students, Jenny Suo and Anna Devathasan,
exposed a startling fact about the fruit juice
drink Ribena while performing 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. 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 then analysed the
vitamin C content of Ribena and several other
fruit juice drinks, using the scientific method.
They ensured that their tests were fair and
objective. The only difference between the
drinks during their tests was the brands. Jenny
and Anna performed three trials to ensure the
accuracy of their results. After each trial, they
re-examined their data.
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.

Figure 1.1 Ribena was
found to contain less
vitamin C than its
competition, despite
the manufacturer’s
claims.

2

The scientific method at
work
Jenny and Anna were sure of their results
because they followed the scientific method.

Hypothesis
The scientific method involves developing a
plan to test a theory or hypothesis that arises as
a result of 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 hypothesis using the
words ‘if’ and ‘then’:
‘If the vitamin C content of Ribena was
compared with other fruit juice drinks,
then Ribena will have more vitamin C per
millilitre.’

Figure 1.2 Anna Devathasan and Jenny Suo.
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EXPERIMENT 1.1: WHAT IF THE ABSORBENCY OF DIFFERENT PAPER TOWELS
WAS COMPARED?
GO TO PAGE 154.

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, the age and temperature of the fruit
juice drinks and the quality of the chemicals
used in the testing.

Product name: slogan, claims,
what can be tested
Hypothesis

Results
The observations, or data, that you make
during your experiment are written down as
the results. All observations should be what
you actually see and not what you expect to see.
Data can be organised into a table format and a
graph to make it easier to understand.

M

Identify variables: which ones need
to be controlled?

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
greater the number of times an experiment is
repeated and the results are averaged, 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.

PL

Consumer in supermarket

To test the hypothesis, all of the variables
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 is the dependent
variable, such as amount of vitamin C in a fruit
juice drink.

E

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

Method, materials and safety to consider

SA

Results/data collected: record
your results in a table;
draw graphs if possible

Conclusions: answer the aim – do the
results support the hypothesis?
Further investigations: does the
hypothesis need to be modified?

Figure 1.3 Using the scientific method to test
manufacturers’ claims.

Conclusion
A conclusion should answer the initial
question asked about the experiment. It should
provide evidence that supports or refutes the
hypothesis. Any further investigations that may
need to be done can be outlined here.

Check your learning 1.1
Remember and understand
1 What is a hypothesis? Give one
example.
2 Why should an experiment have a
clear and detailed method?
3 Does an increased sample size give
greater validity to an experiment? Give
reasons for your answer.

4 If your hypothesis is shown to be
wrong, was your experiment still
useful? Justify your answer.
5 Often scientists have to present their
findings to the public in order to get
action taken. Sometimes this is very
difficult, so they need to be quite sure
that their findings are reliable. Explain
how the scientific method ensures that
the findings are reliable.

SCIENCE TOOLKIT
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1.2

Scientists must be aware
of experimental errors
In scientific investigation, measurements can only show that a hypothesis is
correct if the measurements are accurate. To achieve maximum accuracy, the
measurement must be carefully taken with the most suitable measuring device.
This device must have a scale appropriate to the accuracy that you require.

Mathematical accuracy

E

Choosing the right device

When conducting a scientific investigation,
mathematical accuracy is very important. Not
only must your equipment be appropriate and
precise to avoid errors, but your calculations
must also be mathematically accurate. When
taking a reading, you should quote the
maximum allowed number of significant
figures. This can represent the accuracy of
a measurement or reading. When results are
recorded, it is important to know the number
of significant figures the instrument allows.
The final answer can only be quoted correct
to the number of significant figures present
in the least accurate result. For example, if
one measuring device measures to 0.22 and
a second device measures to 0.345, the final
answer should only have two figures after the
decimal point. This might require a rounding
off procedure.

PL

Choosing the right instrument is the first step
in achieving accuracy. For example, if you need
to accurately measure the volume of a liquid,
then you would use a burette or a measuring
cylinder but not a beaker. A burette has a more
accurate scale than a measuring cylinder. A
beaker often has no scale.

Errors and accuracy

SA

M

Choosing the right instrument is only part of
the job a scientist must do. It is very important
to take care with your measurements. The most
common errors in measurement are parallax
errors, zero errors and reading errors.
A reading error can result when guesswork
is involved when taking a reading. For
example, when a reading lies between the
divisions on scale, a guess of the actual reading
can result in a reading error (Figure 1.5).
A parallax error occurs when the eye is
not placed directly opposite the scale when the
reading is being taken. You can avoid parallax
errors by ensuring that your eye is placed in the
correct position when taking the reading. For
example, when reading the level of a liquid in
a measuring cylinder, place the cylinder on the
bench and line up your eye with the bottom of
the meniscus (Figure 1.6).
A zero error happens when an instrument
has not been correctly adjusted to zero or the
reading has not taken into account the weight
of empty containers. For example, scales must
be set to zero correctly before making a weight
measurement of substances (Figure 1.7).
Scientists will often repeat measurements
and then find an average measurement to
improve their accuracy.

Figure 1.4 A burette is a
laboratory instrument
used to accurately
measure the volumes
of liquids.

4

1

2

Figure 1.5 Guessing the measurement between
units of measurement (for example, between
1.5 and 2) can produce a reading error.

Measurements and units
Scientists measure fundamental quantities,
such as mass, time and length, in a standard
unit that has been agreed upon by scientists

OXFORD SCIENCE 9 VICTORIAN CURRICULUM
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CHALLENGE 1.2: AVOIDING ERRORS AND IMPROVING ACCURACY
GO TO PAGE 155.

Table 1.1 SI units
PHYSICAL
QUANTITY

SI UNIT

ABBREVIATION
OR SYMBOL

Length

Metre

m

Mass

Kilogram

kg

Time

Second

s

Thermodynamic
temperature

Kelvin

K

Amount of substance

Mole

mol

Electric current

Ampere

A

E

Notice that when the number is larger than
the basic measurement, the prefix is a capital
letter. When it is only a fraction of the basic
measurement, the prefix is a small (i.e. lower
case) letter. For example, a megalitre, which
is a million litres, is written as ML, while a
millilitre, which is one-thousandth of a litre,
is written as mL. Kilograms is an exception
to this general rule. A kilogram is 1000 grams
and its symbol is kg.

Figure 1.7 Scales must
be zeroed correctly
before weighing
yourself.

PL

across the world. The international system
of units, known as the SI system of units, is
based on the metric system. Table 1.1 shows
some SI units. Other measurements, such as
volume, are calculated from those basic units
and so are termed derived units.
Although the SI unit for mass is the
kilogram, this is not always the most suitable
unit to use. Some objects are too heavy or
too light for this to be the most convenient
unit. The measurement would have too
many zeroes in it. For example, masses of
0.000 000 007 43 kg or 850 000 000 kg are
very inconvenient to write. So, scientists and
mathematicians choose a unit that requires
as few zeroes as possible. They denote this
by using a system of prefixes before the basic
measurement unit, shown in Table 1.2.

Table 1.2 Standard prefixes and meanings

SA

Eye level

NAME

SYMBOL

VALUE

MEANING

peta

P

10

One thousand million million

tera

T

1012

One thousand million

giga

G

10

One billion

mega

M

10

One million

kilo

k

103

One thousand

centi

c

10

One-hundredth

milli

m

10

One-thousandth

micro

µ

10-6

One-millionth

nano

n

10

One-billionth

pico

p

10-12

One-millionth of one million

M

Meniscus

Figure 1.6 To avoid parallax error, make sure
your eye is correctly lined up with the bottom of
the meniscus.

15

9
6

-2
-3

-9

Check your learning 1.2

Remember and understand

Apply and analyse

1 List three kinds of errors that can
occur during an experiment.

5 State the number of significant
figures in each of the following
measurements.

2 How can these errors be reduced to
improve accuracy?
3 Why do scientists often repeat
experiments and then take an
average?
4 What symbol would you write for:
a millionths of a gram?
b billions of litres?
c

thousandths of an ampere?

d thousands of metres?

a 45.22 mL
b 9.0 s
c

8000 L

d 3.005 m
6 A student took the following
measurements for an experiment:
5.6 volts, 2.97 amperes, 3000 seconds.
To how many significant figures should
the final answer be stated? Justify
your answer.
SCIENCE TOOLKIT
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1.3

Scientists prepare Safety
Data Sheets

ET
DATA SHE
SAFETY de:
Hazardous chemical

Anticipate, recognise and
eliminate

SA

M

PL

Sodium Chlori
ny Identification
Section 1 - Chemical Product and Compa
Chloride
Sodium
SDS name:
; Salt; Sea salt; Table salt.
Common salt; Halite; Rock salt; Saline
Synonyms:
ny
compa
cal
Chemi
Company identification:
Section 2 - Hazards Identification
May cause eye irritation.
Eye and skin:
gastrointestinal irritation.
Ingestion of large amounts may cause
Ingestion:
nausea and vomiting, rigidity
Ingestion of large amounts may cause
or convulsions.
on.
May cause respiratory tract irritati
Inhalation:
Section 3 - Handling and Storage
.
ise dust generation and accumulation
Use with adequate ventilation. Minim
Handling:
g. Keep container tightly closed.
Avoid contact with eyes, skin, and clothin
area away from incompatible
Store in a cool, dry, well-ventilated
moisture.
substances. Store protected from
al Protection
Section 4 - Exposure Controls, Person
used.
Good general ventilation should be
Engineering controls:
Personal protective equipment
s.
shield
Wear safety glasses with side
Eyes:
t skin exposure.
Wear appropriate gloves to preven
Skin:
g to minimise contact with skin.
Wear appropriate protective clothin
Clothing:
Section 5 - First Aid Measures
at least 15 minutes, occasionally lifting
Flush eyes with plenty of water for
Eyes:
al aid.
the upper and lower eyelids. Get medic
water for at least 15 minutes while
Flush skin with plenty of soap and
Skin:
shoes. Get medical aid if irritation
removing contaminated clothing and
g before reuse.
develops or persists. Wash clothin
2-4 cupsful water. Get medical aid.
If victim is conscious and alert, give
Ingestion:
Wash mouth out with water.
immediately. If breathing is difficult,
Remove from exposure to fresh air
Inhalation:
or other symptoms appear.
cough
if
aid
al
medic
Get
.
give oxygen
ties
Proper
cal
Chemi
and
al
Section 6 - Physic

E

A Safety Data Sheet (SDS) is an important tool for maintaining safety in a
science laboratory. It contains information about a chemical such as its
various names, the dangers involved in its use and the precautions scientists
should take when handling the chemical. SDSs should be prepared for all
the reactants used and the products produced during science experiments.

Physical state:
Appearance:
Odour:
Boiling point:
Freezing/melting point:
Solubility:
Specific gravity/density:
Molecular formula:
Molecular weight:
Spills/leaks:

General information:

Solid
Colourless or white
Odourless
1413 deg C
801 deg C
Soluble
2.165
NaCl
58
res
Section 7 - Accidental Release Measu
ner.
place into a suitable disposal contai
Vacuum or sweep up material and
ing precautions in the Protective
observ
iately,
immed
spills
up
Clean
dusty conditions. Provide ventilation.
Equipment section. Avoid generating
Section 8 - Fire Fighting Measures
al damage. Collect water
Water runoff can cause environment
t
protective clothing to prevent contac
used to fight fire. Wear appropriate
ing apparatus (SCBA) to
breath
d
ntaine
self-co
a
Wear
eyes.
with skin and
position products. Substance is
prevent contact with thermal decom
noncombustible.

Figure 1.8 Example of a SDS from a manufacturer or certified provider.

6

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.
A Safety Data Sheet (SDS) provides
scientists and emergency personnel with
information on how to use a particular
substance. An SDS also helps scientists
understand more about how the chemical is
used during the experiment.

Figure 1.9 Emergency workers in sealed
positive-pressure protective suits
communicating with each other.
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SAFETY DATA SHEETS

Figure 1.10 SDSs are used in many industries,
including the mining industry.

E

• What to do in the case of a spill (in the
laboratory or the environment)
This includes first aid measures, any
antidotes, symptoms that might result from
exposure and whether personal protective
equipment (PPE) is recommended for
first aiders. Advice may be needed on how
to cover drains to prevent the chemical
making its way into ground water.
• Fire-fighting measures
Some chemicals produce toxic fumes or are
highly flammable. Other chemicals become
more dangerous if they are exposed to water.
Firefighters may need special equipment.
• 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 safety for both 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

SA

M

PL

The information on a Safety Data Sheet
includes the following.
• The various names of the chemical
This includes its chemical name
and its common generic name, its
concentration and structure. For
example, DL-threo-2-(methylamino)1-phenylpropan-1-ol is also called
pseudoephedrine or Sudafed.
• The contact details of the
manufacturer
• The hazard level of the chemical
All chemicals should contain labels
relating to their particular dangers.
This may include their flammability,
corrosive ability, toxicity and ability
to cause long-term damage such as
cancers. The risks can be shown using
descriptions or the symbols on the right.
• Usage instructions and restrictions
Some chemicals may form a dust that
can explode. For example, workers
in flour mills need to be especially
aware of flour dust.
• Protective measures
The SDS should contain information
on the eye and face protection needed,
the type of gloves or skin protection
required and the possible need for
masks.
• The physical and chemical properties
of the chemical
Everyone in a laboratory should be
able to easily identify the chemical.
The SDS should include the colour,
smell, pH, flammability, solubility,
melting and boiling points of the
chemical.

Check your learning 1.3
Remember and understand
1 What does SDS stand for?
2 Why is it important to prepare an SDS
before starting an experiment?
3 Why is it important to have all the
various names of a chemical on the
SDS?

4 What type of personal protective
equipment do you have in your
laboratory?
5 What is the phone number of the Office
of Chemical Safety in your state?

SCIENCE TOOLKIT
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1.4

Scientists present their
data accurately

E

The results section is often the most important part of an experiment
report. It must present an accurate picture of the findings. Outliers are
values that are very different from the main group of data. Outliers can
affect the mean (average) of the overall results. The median (middle number
of data when placed in increasing order) or the mode (most common result)
is less affected by outliers. Positive correlation of data does not mean one
event caused another event.

Outliers

M

PL

Occasionally the data that scientists collect
contains a value that is far away from the
main group of data. These values are called
outliers and may be due to inaccurate
measurements or experimental errors.
For example, an outlier may occur when
measuring the height of seedlings after
3 weeks of growth.

Are the results ‘pure’ if some are left out?
For this reason, an outlier is only excluded
if it is explained how the results are
modified and the reason for doing so. For
example, the discussion might include the
statement that ‘Seedling 5 was excluded
from the analysis due to a fungal infection
that affected its growth.’

Table 1.3 Seedling growth
SEEDLING NUMBER

HEIGHT (cm)

3.6

2

4.0

3

4.1

4

4.0

5

0.1

6

3.5

7

4.3

SA

1

All seedlings except seedling 5 grew
between 3.5 and 4.3 cm. The average (or
mean) growth of the seedlings (including
seedling 5) was 3.4 cm. This average is well
below the growth of any of the seedlings
other than seedling 5. This shows how one
outlier can present an artificial result of the
seedling growth.
If the average is determined without
using seedling 5, the average becomes
3.9 cm. This is a closer representation of the
actual growth. However, is it fair to discard
any results that we don’t like?

8

Median

The median is the middle value of the
data after all numbers have been placed
in increasing order. For the previous data,
this means:
0.1, 3.5, 3.6, 4.0, 4.0, 4.1, 4.3
Median
The median amount the seedlings grew
was 4.0 cm. If the outlier is removed,
the median growth is still 4.0 cm. So the
median value of the data is not affected as
much by outliers as the mean/average.

Mode
The mode is the most common number
in the set of data. In our set of data, the
number 4.0 occurs twice (seedlings 2
and 4).
Th is means the mode, or most common
amount the seedlings grew, was 4.0 cm. If
the outlier was removed, the mode of the
seedling growth would still be 4.0 cm. An
outlier does not affect the mode value.

OXFORD SCIENCE 9 VICTORIAN CURRICULUM
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Correlation of data
When two sets of data are strongly linked
(as one changes, the other changes a similar
amount), the data has a strong correlation.
When both values increase at the same rate,
it is called a positive correlation. If one value
increases as the other decreases, then it has a
negative correlation. This can be shown on a
graph.

Check your learning 1.4
Remember and understand
1 Why is it best to present your data
in table form?
2 What is an outlier? Should an
outlier be included? Give reasons
for your answer.
3 What is meant by the:
a mean?
b median?

Perfect positive
correlation

c

High positive
correlation

mode?

Apply and analyse

E

4 Draw a graph of the following set
of data.
Ice-cream sales vs daily temperature
TEMPERATURE (°C)

M

Low negative
correlation

SA

High negative
correlation

Perfect negative
correlation

215

16.4

325

11.9

185

15.2

332

18.5

406

22.1

522

19.4

412

25.1

614

23.4

544

18.1

421

22.6

445

17.2

408

PL

No
correlation

Low positive
correlation

SALES ($)

14.2

a Is there any correlation
between the daily temperature
and ice-cream sales?
b Could you say that the daily
temperature has an effect on
the number of ice-creams sold
that day?
c

What would you expect to
happen to ice-cream sales if
the daily temperature was to
increase to 40°C?

Figure 1.11 Correlation of data.
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// S C I E N C E A S
A H U M A N E N D E A V O U R //

1.5

Scientists
investigate
consumer
products

Think

PL

E

Working in groups of two or three, design an experiment
to investigate an everyday consumer product. Your aim will
be to practise using the scientific method. You will need to
ensure that you follow the scientific method.

SA

M

Choose a consumer product to investigate
and discuss what you already know about the
product. Identify any claims or slogans that
may be tested. Then design an experiment to
investigate these claims or slogans, following
the scientific method.
You will need to research the product
thoroughly. This may mean visiting a
supermarket and comparing prices and
packaging of different brands, as well as
searching the Internet, journals, books and
encyclopaedias to identify the science behind
your product.

Ideas

Here are some ideas for your investigation.
> Do all brands of bubble gum make the
same size bubble?
> Do all washing detergents produce the
same amount of bubbles and clean the same
number of dishes?
> How permanent are permanent markers?
What solvents (for example, water, alcohol,
vinegar, detergent solution) will remove the
ink? Do different brands/types of markers
produce the same result?
> Do consumers prefer bleached white paper
products or natural unbleached paper
products? Why?
> Is laundry detergent as effective if you use
less than the recommended amount? What

10

>
>
>
>
>
>
>
>

if you used more than the recommended
amount?
Is bottled water more pure than tap water?
How does distilled water compare with
drinking water?
How does the pH of juice change with
time? How does temperature affect the rate
of this chemical change?
Do all hairsprays hold equally well? And
equally long? Does the type of hair affect
the results?
Do all nail polishes dry at the same rate?
Do some lipsticks stay on longer?
How absorbent are nappies?
Do all batteries have the same battery life?
How long can the life of cut flowers be
prolonged?

Evaluate
As a class, discuss each experiment design by
answering the following questions.
> Does the design follow the scientific
method?
> Are there any steps that require more
scientific information to be supplied?
> Have all the safety considerations been
taken into account?
> What changes could be made to improve
the design?

OXFORD SCIENCE 9 VICTORIAN CURRICULUM
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Planning for errors

SA

M

Before you carry out your consumer science
challenge, you will need to think about
reducing your errors and improving your
accuracy.
> What variables will you need to control to
ensure a fair test?
> How will you make sure your data is
accurate and free of errors?
> What type of equipment will you be using?
Is this the most appropriate equipment?
> How will you reduce parallax, reading and
zero errors with your data measurements?
> What other factors could introduce errors
into your investigation? How will you
minimise these?

You will also need to complete a
presentation about your investigation. This
could be done as a web page, a PowerPoint
presentation, an advertisement, a video, or
an article for Choice magazine, comparing
your findings with the manufacturers’ claims.
Present your findings to the class.

Presenting your results

Once you have completed your consumer
science investigation, you will need to analyse
your data appropriately.
> Are there any outliers? Can you explain
these?
> What methods of data presentation will
you use and why?
> What method will you use to describe your
results? Mean, median or mode?
> Are there any correlations between the sets
of data in your results? Does this imply
causation?
SCIENCE TOOLKIT
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1
REVIEW

Remember and understand
1 List the main steps used when
conducting an experimental investigation
by the scientific method.
2 What is a variable?
3 Why are consumer scientists interested
in what can be observed and tested
rather than in the slogans and claims of
manufacturers?
4 How do scientists find out about the
safety risks involved in an experiment
they are planning?

6 Why aren’t beakers used to measure
volumes?

a 65.301 g
b 0.006 420 kg
c

40 L

15 Determine the mean, median and mode of
the following set of data:
15, 13, 18, 16, 14, 17, 12, 14, 19

8 What is an SI unit?

9 State the SI unit for the following.
a time
b mass
c

length

M

10 What do the following prefixes for a
quantity mean?
a mega

b micro
kilo

SA

c

16 A lipstick manufacturer claims that their
brand of high-gloss lipstick will stay on
for at least 6 hours, even during eating
and drinking. Design an experiment
based on the scientific method to test
this claim. First state your hypothesis,
and then identify the variables you will be
considering. What measurements will you
take and how will you ensure that they are
accurate?

PL

7 What is the difference between
instrumental error and parallax error?

11 Explain why scientists have developed an
internationally agreed system of units.

Apply and analyse
12 A consumer scientist wanted to test the
effect of a lotion for treating acne. At
first she tested the lotion on a group of
20 teenagers, all aged 15, but then she
decided to conduct some more tests.
So she then tested 100 teenagers, all
aged 15.
a Is this an example of experimental
repetition or increasing the sample
size?
b Which result is likely to lead to the
most reliable conclusion? Justify
your answer.

12

14 State the number of significant figures in
each of the following measurements.

E

5 Suppose you are conducting a fair
experiment in which you have identified
six variables. How can you be sure of the
effect of one particular variable?

13 A scientist was commissioned by a jeans
manufacturer to test various denims. The
manufacturer wanted a more durable
fabric than the one they were currently
using. How might the scientist test a fabric
for durability in a fair and objective way?
Why is this important?

17 For the experiment you designed in
question 16, outline the results you would
expect to obtain if your stated hypothesis
was correct.

Evaluate and create
18 For the experiment you designed in
question 16, assess how accurate your
results may be and suggest what further
investigation you could take to improve the
reliability of your conclusion.
19 For the experiment you designed in
question 16, assuming you found that
the manufacturer’s claim was correct,
create a scientifically accurate slogan or
advertisement for the lipstick based on
your findings.
20 One source of information for consumers
is Choice magazine. The magazine reports
the results of testing a variety of brands
of consumer products. If a consumer
scientist was reading a report on the safety
of children’s pyjamas, what evidence might
they look for to see if the report was fair
and objective? If they conclude that it is,
how might the public be convinced to read
such reports before purchasing children’s
pyjamas?
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Research
21 Choose one of the following topics for a
research project. Some questions have
been included to help you begin your
research. Present your findings in a format
of your choosing.

> Mobile phone safety

> Bottled water

PL

E

Research is continuing into the safety of mobile phones,
although most people in the Western world have one or use
one. You are an advisor to the Minister of Communications and
Technology. Produce a report, of at least 10 points, detailing any
research that has taken place into mobile phone safety. Make
sure to include the outcomes or conclusions reached in any of
these studies.

SA

M

Many people in Australia spend a lot of money on bottled
drinking water. Are they doing this because of the way the
water is marketed or are there scientifically supported health
benefits in drinking bottled water rather than tap water? Is tap
water unsafe to drink? Have there been any cases where water
bottlers have been fraudulent in their claims about the water
they are selling? Investigate this issue. Find out what dentists
and medical experts say about bottled water. What scientific
tests are performed to check that the claims are correct
and what results have been obtained? After researching and
comparing a range of evidence, what is your conclusion? Should
we drink bottled water here in Australia and not tap water? Or
does this depend on where you live?

> Artificial colourings and flavourings in foods
Some people claim that certain artificial colourings and
flavourings in foods can cause problems, such as hyperactivity
in children. Use the Internet and other resources to investigate
this issue. What is the meaning of the term ‘opposing evidence’?
Are there warnings based on anecdotal evidence or scientific
evidence? Can anecdotal evidence be of value to scientists?
Discuss.
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KEY WORDS
dependent variable
the variable being tested in an experiment
derived units
units of measurement that are calculated
from the international system of units; for
example, volume (cm3) and area (cm2)
independent variable
the variable that is deliberately changed or
tested during an experiment
outlier
a value that is outside the normal range of
all other results

SI system
international system of units based on the
metric system; for example, kilogram,
metre, kilometre
significant figures
the number of digits that contribute to the
overall value of a number
variable
anything that can change the outcome or
result of an experiment
zero error
an error that occurs when an instrument
has not been adjusted to zero before the
measurement was taken

E

parallax error
an error that occurs when the reader’s eye
is not placed directly opposite a mark

sample size
the number of subjects being tested or
used in an experiment

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

SA

M

PL

rounding off
reducing the number of significant figures
by increasing or decreasing to the nearest
significant figure; for example, 7.6 cm is
rounded up to 8 cm, 7.2 cm is rounded down
to 7 cm

14
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