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Introducing Oxford Science 10 Victorian

Curriculum (Third edition)

Congratulations on choosing Oxford Science 10 Victorian Curriculum (Third edition)

as part of your studies this year!

Oxford Science 10 Victorian Curriculum (Third edition) has been purpose-written to meet the
requirements of the Victorian Curriculum Version 2.0 Science. It includes a range of flexible
print and digital products to suit your school and incorporates a wide variety of features
designed to make learning fun, purposeful and accessible to all students!

Key features of Student Books

The Science toolkit is
a standalone module
that explicitly teaches
important Science
inquiry skills.

Lesson 11
Scientists value the knowledge and

skills of Aboriginal and Torres Strait
|slander Peoples

Key ideas

- A

Australia is home to many Aboriginal and Torres Strait

Islander Peoples

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

Lesson 5.5 ) )
Living in space requires overcoming
challenges

In each core lesson: (]

+ aconcept statement
summarises the key 0
concept in one sentence
key ideas are
summarised in succinct
dot points
key terms are bolded in
blue text, with a glossary
definition provided in
the margin
a set of check your
learning questions are
aligned to the learning
intentions for the lesson.

Key ideas

_. Microravity can affect the way the human body functions.

" _. Astronauts can be exposed to high evels of radiation.

Microgravity

Oxford Science 10 Victorian Curriculum
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Lesson 1.3
Scientists form hypotheses that can
be tested

Key ideas

- The

1ables that must be considered when trying to answer a question
depends

ut what you expect to observe when you try to

should ry to Q

tion for a questio

The best way to learn is by
observing

Extreme temperatures
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Science as a human endeavour
lessons explore real world
examples and case studies,
allowing students to apply
science understanding.

T

Lesson 3.1 ]
Science as a human endeavour:
DarWin and WaHace were Early evolutionary theory -

co-conspirators

A3opo1a

Key ideas
overtime due

changes were passed on to their

- L

The Test your skills and
capabilities section provides
scaffolded opportunities for
students to apply their science
understanding while developing
skills and capabilities.

offspring. N

= B e their offspring.

;

sssel Wallace pr
volution based on his work in the Malay Archipelsgo.

Introduction

Before evolutionary theor:

Lesson 4.6
Experiment: Melting ice and its I fesson 2.4
: effect . )
sea levels on Challenge: Modelling the structure of DNA
Aim

Discussion
T ffect of melting sea and sheeticcon 1 Cor

glo

Materials

Method ‘

Practical activities appear
within each module, directly
after the core lesson they
relate to. Additional activities
are provided through
Oxford Digital.

Part A: Sea ice
Sea

Results

Challenges, Skills labs

&

» and Experiments provide
e R students with opportunities
Netwezcn to use problem-solving and

critical thinking, and apply
science inquiry skills.

Find out more

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

> activate your digital access (using the instructions on the inside front cover of this book) and click on
“Introducing Oxford Science 10 Victorian Curriculum (Third edition)” in the “About this course” menu.

Oxford University Press Introducing Oxford Science 10 Victorian Curriculum (Third edition)  vii
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P 4 Key features of (@os{oflelle]irIRg

Oxford Digital has been

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

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

Lesson 4,
Climate Change is global

As a student, you can:

> view all Student Book content in a fully accessible, reflowable format that's
delivered in bite-sized chunks so you can work at your own pace

> use the “Read to me” button to have any part of the course read aloud to you
> highlight, take notes, bookmark pages, or define words with the built-in
Australian Oxford Dictionary

> watch hundreds of concise key content videos to help you revise anything
you don't understand, catch up on things you've missed, or help you with your
homework

> complete hundreds of interactive questions and quizzes as you work through
the content and get the answers and results sent to you.

viii Oxford Science 10 Victorian Curriculum Oxford University Press
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As a teacher, you can:

> elevate your teaching and reduce planning and preparation time with Live

! Lesson mode. This is an Australian first that lets you upgrade from traditional
g print-based lesson plans to fully interactive, perfectly sequenced and timed
interactive lessons complete with classroom activities that are ready to go

> personalise learning for every student and differentiate content based on
student strengths and weaknesses. Assign support or extension resources to
any student using a range of differentiation resources

> Dbegin every lesson with ready-made learning intentions and success criteria

> revolutionise your planning, marking and reporting with powerful analytics on
student performance and progress.

- Assessment report shows how students are performing in each online
interactive assessment, providing feedback for teachers about areas of
understanding

Curriculum report summarises student performance against specific
curriculum content descriptors and curriculum codes

Lesson 4.1 Climate change
is global

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

> activate your digital access (using the instructions on the inside front cover of this book) and click on
“Introducing Oxford Science 10 Victorian Curriculum (Third edition)” in the “About this course” menu.

Oxford University Press Key features of Oxford Digital
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Overview

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

and obtain the same results to verify hypotheses and
conclusions. The scientific methodology also helps
scientists identify risks they could experience during
an investigation and how they are mitigated.

To verify their data, scientists keep a logbook
which includes dates, data, changes made and any
errors they need to account for. This ensures that
scientists take any outlier data into account when
completing calculations, as well as identifying the
effect of errors on their results. The data can then be
analysed for any trends which help prove or disprove
the hypothesis and support their conclusion. Most
scientists will communicate their findings as a
scientific report; however, a scientific poster is a
concise way to communicate key information.

This Science toolkit includes all the content you
need to learn as part of the Science Inquiry sub-
strand of the Victorian Curriculum Version 2.0.
You will be building on the skills covered in Years 7
and 8, while learning new aspects of the scientific
method and how to communicate your findings.
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Lessons in this module

Lesson 1.1 Scientists value the knowledge and
skills of Aboriginal and Torres Strait Islander
Peoples (page 4)

Lesson 1.2 Scientists follow the scientific method
(page 10)

Lesson 1.3 Scientists form hypotheses that can
be tested (page 15)

Lesson 1.4 Scientists plan and conduct
investigations (page 18)

Lesson 1.5 Scientists always take safety
precautions (page 23)

Lesson 1.6 Scientists use specialised equipment
(page 29)

Lesson 1.7 Scientists use tables, graphs and
models to record and process data (page 33)
Lesson 1.8 Scientists keep a logbook (page 41)
Lesson 1.9 Scientists analyse trends in data
(page 45)

Lesson 1.10 Scientists evaluate conclusions
(page 50)

Lesson 1.11 Scientists communicate their
findings (page 57)

Lesson 1.12 Command terms identify the tasks
in a question (page 63)

Lesson 1.13 Review: Science toolkit (page 66)
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Learning intentions
and success criteria

Country aterm
used by Aboriginal
and Torres Strait
Islander Peoples

to describe the
connections between
land, water, sky,
animals, plants,
people, stories,
songs, cultural
practices and spiritual
beliefs that make up a
traditional area

4 Oxford Science 10 Victorian Curriculum

Lesson 1.1

Scientists value the knowledge and
skills of Aboriginal and Torres Strait
Islander Peoples

Key ideas

— Aboriginal and Torres Strait Islander Peoples have developed sophisticated science
skills that enabled them to survive and thrive some of the most challenging
environments in the world for tens of thousands of years.

— Indigenous science sees everything as connected - the land, water, plants, animals and
people are all part of one big system that remains in balance.

— The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples is
now recognised and valued by Western scientists.

Australia is home to many Aboriginal and Torres Strait
Islander Peoples

Australia is home to over 250 different Aboriginal and Torres Strait Islander Peoples, each
with their own culture, customs, language, laws and knowledge systems.

Aboriginal and Torres Strait Islander Peoples — also known as First Nations Peoples — have
lived in Australia and the islands of the Torres Strait for at least 65,000 years, making them
the oldest surviving cultures in the world. Aboriginal and Torres Strait Islander cultures in
Australia are incredibly rich and diverse. Although these groups are different and distinct,
they share a deep connection to Country.

The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples
developed as part of their connection to Country over tens of thousands of years. They cover
a wide range of areas, such as:
¢ detailed local knowledge of weather patterns, seasons and tides (Figure 1)

e knowledge of the stars and astronomy

¢ bush food, medicine and healing

¢ detailed knowledge of natural resources and how to manage them sustainably
¢ the physics required to design, make and use a variety of tools.

The knowledge and traditions of Aboriginal and Torres Strait Islander Peoples suffered
significantly after the English colonised Australia from 1788. Over many decades, government
policies have had a devastating impact on Aboriginal and Torres Strait Islander Peoples. These
policies have directly (and indirectly) removed people from their traditional lands, broken
families up and prevented culture, knowledge, skills and language from being passed down
from generation to generation. This includes passing down scientific knowledge and skills.

Despite the negative impacts of colonisation, the cultures, languages, beliefs, knowledge
and skills of Aboriginal and Torres Strait Islander Peoples have survived and are still
practised today. In fact, this knowledge is gaining recognition for its scientific rigour and
relevance to modern-day challenges such as climate change and sustainability.

Oxford University Press
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é'o 56 thunder.
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* Weather is warm * Fruits appear * Hot and dry.
and it rains a lot. on kangaroo- » Female common brown
 Grasses flower. apple bushes. butterflies fly.

¢ Hot winds stop and weather

uose®

g cools down.
s~ 9 * Eels are fat and ready to catch.
[T  Days are the same length
(] S,’ * Weather gets warmer but rain continues. .
c as the nights.
= o o Lots of tadpoles appear.
8 ° * Days are the same length as the nights.
Q
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¢ Coldest days, longest nights and most rainfall of the year.
* Wombats come out to graze in the sun.
 Soft tree ferns are eaten when no fruits are available.

Aprij

* Cold weather comes
to an end.

 Orchids flower.

* Koalas begin mating.

Figure 1 The Wurundjeri people of the Kulin Nation in Victoria identify seven seasons in their calendar. These
seasons are marked by changes in the weather, the life cycles of plants and animals, and the position of the stars in
the sky at night.

Indigenous science

Aboriginal and Torres Strait Islander Peoples have developed sophisticated science skills that
enabled them to survive and thrive some of the most challenging environments in the world
for tens of thousands of years.

Over this time, Aboriginal and Torres Strait Islander Peoples created sophisticated
systems for closely observing Country, identifying the similarities and differences between
the individual parts and how they work together to create a balance. This approach to close
observation, grouping and classification to identify patterns and balance has been passed
down through storytelling that often models the consequences if balance is not maintained.
Today, this body of knowledge and skills is referred to as Indigenous science.

While Western science often relies on comparative testing, it is recognised that the
Indigenous approach to science — observation, classification, identification and modelling —
is a unique way to approach the investigation of the natural world that is place-specific,
producing knowledge that is tailored to a particular environment.

Oxford University Press
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Indigenous
science a system of
knowledge developed
by Aboriginal and
Torres Strait Islander
Peoples over tens of
thousands of years
that combines careful
observation and
testing of the natural
world with cultural
understanding

to explain how
things work and are
connected in nature

Western science

a system of
knowledge based on
careful observation,
measurement, testing
and experimentation
(known as the
scientific method)

to develop and test
hypotheses to explain
how things work

Module 1 Science toolkit 5
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The scientific knowledge and skills of Aboriginal and Torres Strait Islander Peoples is
now recognised and valued by Western scientists. It is integral to current conversations and
collaborations around some of the biggest scientific questions of today, such as sustainability,
management of natural resources, food security and climate change.

Examples of Indigenous science

Aboriginal and Torres Strait Islander Peoples developed advanced scientific knowledge and
skills that were integral to survival, cultural practices and management of the environment.

Astronomy

Aboriginal and Torres Strait Islander Peoples have a rich tradition of using the stars for

navigation, timekeeping and cultural storytelling. Today, there are many Aboriginal and

Torres Strait Islander Peoples who are sharing their knowledge with the wider community

including Krystal de Napoli and Karlie Noon.

¢ Navigation: The stars, moon and constellations are used to navigate large distances
across land and sea. For example, Torres Strait Islander Peoples use star maps for
navigation at sea.

¢ Seasonal calendars: Many Aboriginal and Torres Strait Islander Peoples developed
complex seasonal calendars based on the appearance of certain stars or constellations.
For example, the Wardaman people of the Northern Territory associate the appearance
of a star cluster known as the “Seven sisters” with the start of the wet season.

¢ Predicting events: Knowledge of lunar cycles and eclipses is used to predict
environmental changes, such as tides and animal migrations.

Ecology and land management

Aboriginal and Torres Strait Islander Peoples developed sophisticated land and water
management practices that have sustained ecosystems for thousands of years. Today there
are Aboriginal and Torres Strait Islander Peoples who keep this traditional knowledge alive
and collaborate with communities to teach traditional practices, including Victor Steffensen
(Figure 2).
¢ Cultural burning: Aboriginal and Torres Strait Islander Peoples use controlled burning
to manage landscapes, promote new growth and encourage biodiversity (Figure 3). This
practice (also known as “cool burning” and “fire-stick farming”) has shaped
Australia’s ecosystems.
¢ Using resources sustainably:
Knowledge of plant and animal life cycles
has ensured sustainable harvesting.
For example, certain plants are only
harvested at specific times to allow time
for them to regrow.
¢«  Water management: In dry regions,
Aboriginal and Torres Strait Islander
Peoples have developed techniques to locate

and manage water sources, such as digging
soakage wells or using natural indicators

Figure 2 Victor Steffensen, a Tagalaka man, is

deeply committed to teaching cultural burning

(e.g. bird behaviour) to find water. practices, through workshops and initiatives like the
Firesticks Alliance. He shares this knowledge with

both Indigenous and non-Indigenous communities,
emphasising the importance of understanding the land’s
needs and fostering a healthier relationship with nature.

6 Oxford Science 10 Victorian Curriculum Oxford University Press
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Medicine

Aboriginal and Torres Strait Islander
Peoples have an extensive knowledge of
medicinal plants and healing practices,
developed through observation and testing.

* Plant-based medicines: Plants like
eucalyptus, tea tree and kangaroo apple
are used for their antiseptic, anti-
inflammatory and healing properties

Figure 4 Tea tree
(Melaleuca) leaves
and seeds are used for
their antiseptic, anti-
inflammatory and
healing properties.

(Figure 4). For example, eucalyptus
leaves are used to treat respiratory Figure 3 Cultural burning in Kakadu National Park
conditions. Aboriginal and Torres Strait
Islander Peoples also understood the dosage and preparation of medicinal plants, such as
boiling, crushing and infusing, to maximise their effectiveness.

* Healing practices: “Ngangkari” (traditional healers) of the Ngaanyatjarra, Pitjantjatjara
and Yankunytjatjara lands (in the remote western desert of Central Australia) combined
physical treatments with spiritual healing to set broken bones and care for wounds.

Engineering
Aboriginal and Torres Strait Islander Peoples developed tools, structures and technologies
suited to their environments.

* Tools and weapons: Boomerangs, spears and spear-throwers were designed using
principles of aerodynamics and physics. Boomerangs, for example, were crafted to return
to the thrower or travel long distances, depending on their purpose (Figure 5).

e Fish traps and aquaculture: The Gunditjmara people of Victoria created traps and
dug channels to catch and farm eels at Budj Bim Cultural LLandscape — a UNESCO World
Heritage site near Warrnambool in western Victoria (Figure 6).

* Housing and shelter: Structures like
bark huts, stone houses and windbreaks
were designed for insulation, ventilation
and protection from the elements,
reflecting an understanding of materials

science and environmental conditions.

Figure 5 The Luritja and Pertame Peoples in Central Figure 6 The Gunditjmara people of Victoria dug these

Australia design and craft boomerangs, spears and channels to catch and farm eels. These channels are at

spear-throwers. least 6,600 years old.

Oxford University Press Module 1 Science toolkit 7
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David Unaipon

The Australian $50 note features David Unaipon (Figure 7A), born in 1872 on the Lower
Murray in South Australia, who was a member of the Ngarrindjeri people and is recognised

for his contributions to science and technology and improving the lives of Aboriginal

Australians.

Between 1909 and 1944, Unaipon
submitted 19 provisional patents for his
inventions; he could not afford to patent
all of them. His inventions included
a modified hand piece used in sheep
shearing (Figure 7B), a centrifugal motor,
a multi-radial wheel and a mechanical
propulsion device (helicopter).

Even into old age, he worked to unlock
the secrets of perpetual motion.

Boo.

15,8624. 3 Sept. D. Unarroy, S.A.
Classes 37.6; 60.1,
Mechanical Motion.

Straight line motion for sheep shears, &e.:
A sliding and reciprocating arm co-acts with
cam surface and is pivotally connected to.
moving cutter running in straight tenon.

|5 624/09 sEel=

5 figures, 2 claims,

Figure 7 (A) David Unaipon features on the $50 bank note. (B) David Unaipon’s patent for the modified hand piece used in sheep shearing.

Agriculture

Aboriginal and Torres Strait Islander
Peoples practiced sustainable agriculture and

developed methods to store and preserve food.

¢ Cultivation: Evidence suggests that
some Aboriginal Peoples in Victoria
and New South Wales cultivated yams,
grains and other plants. Grinding stones
that date back 30,000 years indicate the
processing of seeds and grains.

¢ Food preparation: Techniques like

roasting, crushing and soaking were used

to treat certain plants, such as cycads, so
that toxins were removed, making them
safe to eat (Figure 8).

Figure 8 Aboriginal Peoples across Far North
Queensland observed that the seeds and stems of cycad

plants could be poisonous. They planned and conducted
tests to discover ways to make them safe to eat.

¢ Food preparation and preservation: Smoking, drying and fermentation were used to

preserve meat, fish and plants. For example, Torres Strait Islander Peoples preserved fish

and dugong meat for long-term storage.

¢ Seasonal harvesting: Knowledge of seasonal cycles ensured that food resources were

harvested sustainably, preventing overuse.

8 Oxford Science 10 Victorian Curriculum
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Different approaches, similar goals

Indigenous science and Western science both aim to understand the natural world, but they

can use different paths to get there. Indigenous science sees everything as connected — the

land, water, plants, animals and people are all part of one big system that remains in balance.

Western science, on the other hand, has often broken things down into smaller parts to study

them separately in controlled experiments before reconstructing the whole. Table 1 shows

some of the different approaches taken by Indigenous and Western science to achieve similar

goals and outcomes.

Table 1 A comparison of Indigenous science and Western Science

Indigenous science

» Science is passed down orally through
stories, songs and direct teaching.

*  Knowledge is integrated with cultural and
spiritual systems.

* Everything is viewed as interconnected and
part of one system.

* Methods are specific to local environments
and contexts.

*  Knowledge is developed and modelled in
local environments by the whole community
over generations.

» Its focus is on understanding specific places
and ecosystems in detail.

Check your learning 1.1

Check your learning 1.1

Retrieve

1 Define Indigenous science.

2 Identify one way in which Indigenous science is
similar to Western science and one way in which

it is different.

Comprehend

Western science

Science is written down in formal
documents, papers and textbooks.
Knowledge is considered separate from
cultural and spiritual systems.

Focus is on breaking things down into
separate parts to study them (e.g. fields such
as Biology, Chemistry and Physics).

Methods used are standardised so that they
can be repeated anywhere.

Knowledge is often developed by specialist
experts in laboratories.

It usually aims to find universal laws (rules
that apply everywhere).

6 Explain why it is important to communicate the
results of an experiment to produce clean water
or identify plants that are safe to eat.

Apply

7 Identify the Aboriginal and Torres Strait
Islander nations in your local area. Carry out
some research to investigate one or two examples

3 Describe why it is important to refer to
Aboriginal and Torres Strait Islander Peoples as
“Peoples” and not “people”.

4 Describe one example of Aboriginal and Torres
Strait Islander Peoples observing the world.

5 Describe one example of an experiment that
Aboriginal and Torres Strait Islander Peoples
may have conducted thousands of years ago.

Oxford University Press

of scientific knowledge and skills used by one or
more of these groups.

8 Compare and contrast two differences between
Indigenous science and Western science. In
your answer, use specific examples from both
knowledge systems to support your comparison.

Module 1 Science toolkit
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Learning intentions
and success criteria

valid when the
design of the
experiment will
produce a result that
answers the scientific
question

inference

a conclusion based
on evidence and
reasoning

hypothesis a
proposed explanation
for a prediction that
can be tested

Lesson 1.2
Scientists follow the scientific method

Key ideas

— The scientific method is a framework that helps scientists figure out how things work
by asking questions and testing ideas. It is an essential tool to guide scientific inquiry
and research that is valid and reliable.

— There are five stages to the scientific method.

— Pseudoscience is a term used to describe theories, beliefs or claims that seem scientific
but aren't backed by any real evidence or results from experiments.

Introducing the scientific method

Being a scientist means that you need to use the scientific method. The scientific method is
a framework that helps scientists figure out how things work by asking questions and testing
ideas. It is an essential tool to guide scientific inquiry and research that is valid and reliable.

At each stage of scientific inquiry, the scientific method outlines what a scientist must do
in order to ensure their findings can be trusted. It also helps scientists evaluate and test the
claims and findings made by other scientists. This is known as “peer review”, and helps to
ensure all scientific findings are valid.

There are five stages to the scientific method (Table 1). In this module, you will develop
the science inquiry skills needed at each stage of the scientific method. These skills will
ensure you can investigate ideas, solve problems, draw valid conclusions and develop
evidence-based arguments.

Table 1 The five stages of the scientific method

Stages of the
scientific method

Stage 1:
Questioning and
predicting

Stage 2: Planning
and conducting

10 Oxford Science 10 Victorian Curriculum

What happens at each stage

A curious scientist has questions about
the world. Observations lead to asking
questions, making inferences and
forming hypotheses to be tested.

There are many different ways to test a
hypothesis.

They could use information or data
that already exists, design a controlled
experiment or complete field work to
generate their own data. This approach
allows them to collect and organise
reliable information that can be trusted
by everyone in the community.

When conducting an investigation,
appropriate safety precautions must

be taken, risk assessments completed
and specialised equipment selected

so precise and accurate data can be
collected.

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

Lessons in this module

Lesson 1.3 Scientists form
hypotheses that can be tested
(page 15)

Lesson 1.4 Scientists plan
and conduct investigations
(page 18)

Lesson 1.5 Scientists always
take safety precautions
(page 23)

Lesson 1.6 Scientists use
specialised equipment
(page 29)
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Stages of the
scientific method

Stage 3:
Processing,
modelling and
analysing

Stage 4:
Evaluating

Stage 5:
Communicating

What happens at each stage

Data collected and any changes made
should be recorded in a logbook.
Patterns in the data might provide
evidence that the hypothesis is
supported, so scientists need to process
and analyse the data so they can create
models that can be tested further.
Once the data has been collected, it
must be checked to make sure it tells
the full story of what has happened.
Scientists look for patterns and

trends that might show a predictable
relationship to support the hypothesis.

Once the data has been processed and
analysed, scientists need to compare the
new information with the hypothesis or
other experiments. Does it answer the
original question? Does the information
tell the same story as other scientific
investigations? Can it be used to explain
the original observations?

This process is different to processing
and analysing data. Evaluating the
science means that scientists must
consider the accuracy and importance
of their work. Scientific investigations
can only be used to make decisions or
design solutions to problems if they can
be trusted.

The work of scientists is only important
if people know about it. Consider

the safety features of a car. Seatbelts,
airbags and braking systems are only
included in cars today because scientists
communicated the results of their
scientific process to car manufacturers
and the public.

Scientists must be able to explain what
they do to many different audiences.
Good science communication explains
a complex scientific idea in simple
language that everyone can understand.
This allows science to influence
environmental, social and economic
change.

Lessons in this module

Lesson 1.7 Scientists use tables,
graphs and models to record
and process data (page 33)
Lesson 1.8 Scientists keep a
logbook (page 41)

Lesson 1.9 Scientists analyse
trends in data (page 45)

Lesson 1.10 Scientists evaluate
conclusions (page 50)

Lesson 1.11 Scientists
communicate their findings
(page 57)

Lesson 1.12 Command terms
identify the tasks in a question
(page 63)

As shown in Figure 1, the scientific method is often presented as a cycle because the
results from one scientific inquiry can lead to new questions, prompting further investigation

and greater understanding of the scientific explanations. This means scientists often loop

back to earlier stages of the process to refine understanding and continue their research. Most

of the time, science inquiry is not a linear progression where you simply follow steps once and

reach a final result.

Oxford University Press
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pseudoscience

a claim that has not
been tested using the
scientific method

STAGE 1
Questioning and
predicting

STAGE 2
STAG!E 5 . Planning and
Communicating conducting

The Scientific
Method

STAGE 3
Processing, modelling
and analysing

STAGE 4
Evaluating

Figure 1 The scientific method

Why the scientific method is important

The scientific method is important for several reasons.

It helps us tell the difference between claims that have reliable evidence and
claims that have no evidence. Instead of guessing or believing rumours, scientists use the
scientific method to test a claim. For example, if someone says “Eating carrots helps you see
in the dark”, rather than just believing them, we can use the scientific method to check if this
claim has evidence to support it.

It allows other people to check our work. When scientists do experiments, they
write down exactly how they did everything. This means other scientists can try the same
experiment to see if they get the same results. It’s like a very detailed recipe — anyone can
follow it, and they should get similar results.

It teaches us to be curious and think critically. Instead of just accepting what we’re
told, the scientific method encourages us to ask questions, look for evidence, and come to our
own conclusions based on careful observation and testing.

Pseudoscience

Pseudoscience is a term used to describe theories, beliefs or claims that seem scientific
but aren’t backed by any real evidence or results from experiments (Table 2). The word
“pseudo” (pronounced SYOO-doh) comes from an Ancient Greek word that means
“false”.

12 Oxford Science 10 Victorian Curriculum Oxford University Press
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Table 2 Common pseudosciences

Type of pseudoscience Description

Astrology The belief that the positions of stars and planets at the time of your
birth determine your personality and future.

While astronomy is a real science that studies planets and stars in the
universe, astrology makes predictions without any scientific evidence.

Crystal healing The belief that different crystals have healing powers.

Crystals are beautiful minerals that are studied by geologists, but there
is no scientific evidence that they can cure illnesses or are beneficial to
our health.

Flat Earth idea The belief that Earth is flat rather than spherical.

This contradicts centuries of scientific observations, satellite imagery
and physics.

Unlike real science, pseudoscience doesn’t follow the scientific method. This means it
doesn’t involve carefully collecting evidence and testing ideas over and over. One example of
a popular pseudoscience is astrology (Figure 2).

I
Taurus Gemini Cancer
m, W, s ) g
Seorpio. Sagittarivs Capricorn

Aquarius

>

Libra

Figure 2 Although many people enjoy reading their stars, astrology is a pseudoscience.

Check your learning 1.2

Check your learning 1.2

Retrieve 4 Describe one idea or invention that has changed
1 Identify the five stages of the scientific method. in your lifetime due to science.
2 Define the term “pseudoscience” and give one Analyse

example of a pseudoscience. 5 Compare (the differences between) these two

Comprehend stages in the scientific method: “Processing,

T T 2» (13 T 2
3 Explain why it is so important for scientists to analysing and modelling” and “Evaluating”.

follow the scientific method. >
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4App|y

6 Itis often said that science is never “finished”. Evaluate this statement (by providing examples of science
that are never finished and deciding if this statement is true).

7 Look carefully at Figure 3.

a Propose a possible question about the local environment that a Wurundjeri scientist may have
investigated.

b Describe the investigation that the scientist may have completed to answer their question.

OeGember

le
oo-app
Kaﬂgasreason

* Unpredicable warm

D weather, often with
é\» 66 thunder.
Q,o 696 e Days are long and
Cﬁ{b nights are short.

* Weather is warm * Fruits appear  Hot and dry.
and it rains a lot. on kangaroo- » Female common brown
 Grasses flower. apple bushes. butterflies fly.
o
()
= o Z
=~ Q. - )
[3) oS \ o
(@] o K =
* Hot winds stop and weather %,’,
g cools down. %
'a-,' ‘-'(,g * Eels are fat and ready to catch.
(1] 83) * Weather gets warmer but rain continues. i E:}(’sj:;:; EaElenot
E ) ¢ Lots of tadpoles appear. )
8 ° * Days are the same length as the nights.
Q
=8
®

* Coldest days, longest nights and most rainfall of the year.
¢ Wombats come out to graze in the sun.

* Soft tree ferns are eaten when no fruits are available.

)eqma‘des
Aprif

* Cold weather comes
to an end.

* Orchids flower.

* Koalas begin mating.

Figure 3 Repeated observations and analysis of patterns by the Wurundjeri people in Victoria identified the different seasons in their
environments.

8 Research the prediction of your star sign for the next day or week. Evaluate the truth of this prediction
(by identifying how many star signs there are, describing the number anvd ages of people in the world
that would be affected by this star sign and deciding if this prediction could be true for all these people).
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Lesson 1.3
Scientists form hypotheses that can
be tested

Key ideas

— There are variables that must be considered when trying to answer a question
and formulate a hypothesis. This includes independent, dependent and controlled
variables.

— A prediction is a specific statement about what you expect to observe when you try to
answer your question.

— A hypothesis is a proposed scientific explanation for a question. It should try to @
explain why something happens based on previous observations, research or your

reading on the topic. It is often written as an “If... then...because...” statement. Learning intentions

and success criteria

The best way to learn is by
observing

Following the scientific method means that all
scientists follow the same general set of rules and
processes when conducting inquiries and research.

STAGE 1
Questioning and
predicting

This helps to ensure that all scientific research and
findings are based on careful testing and reliable
evidence.

Stage 1 of the scientific method involves making
observations, making inferences and asking Figure 1 Stage 1 of the scientific method is
questions (Figure 1). Questioning and predicting.

Questions lead to hypotheses

All scientific investigations start by asking a question. Questions can be big, such as “How did the
universe start?”, or they can be small, such as “What will happen if acid is mixed with metal?”.

For instance, the broad question “How does climate change affect ecosystems?” can be
divided into smaller, testable questions:

*  What is the current temperature trend in specific regions?
e How are plant growth patterns changing over time?
*  What changes are occurring in animal migration patterns?

Breaking questions down into measurable parts is essential. Scientists do this by
operationalising their questions, which means designing them in a way that specifies what
will be tested or measured. For example, instead of asking, “What happens if plants get more
water?” a scientist might ask, “What happens if I water plants with 200 mL of water daily
compared to 50 mL?”

Now that you know how scientists observe and ask questions, we will learn about how they
make predictions and form hypotheses.

Oxford University Press Module 1 Science toolkit 15
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Understanding the role of variables

Once a scientist has made an observation and decided on the inquiry question they want to
investigate, it is time to make predictions and form a hypothesis to test. Before planning an
experiment, they need to think about all of the things that might affect the result. These are

variable something  known as variables. When a variable is changed, the results of the experiment might change.

that can affect the
outcome or results of
an experiment

Types of variables

Variables can be independent, dependent or controlled (Table 1).

¢ An independent variable is the one thing you choose to change in your experiment. They
are called “independent” because they don’t depend on anything else in an experiment or
situation — they stand on their own.

¢ A dependent variable is the thing you measure at the end of an experiment. They are
called “dependent” because the results “depend” on the independent variable.

¢ Controlled variables are all the other factors that must be kept the same throughout your
experiment. They are called “controlled” because you control them during the entire
experiment.

Table 1 Different types of variables in an experiment

Experiment scenario

To test the growth rate of tomato plants, you
choose three identical plants and change the

amount of sunlight each one receives every day.

After two weeks, the height of the plants are
different.

Any factors that aren’t related to the amount

Type of variable

The number of hours of sunlight each plant
receives every day is the independent variable.

The height of the tomato plants is the
dependent variable.

These are all controlled variables.

of sunlight the plants are receiving must be the
same for all plants. This includes the:

* amount of water they receive

* type of soil they are planted in
* room temperature

» levels of fertiliser in the soil

» size of the pots.

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

For example:

prediction an
outcome thatis
expected based on
prior knowledge or
observation

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

16 Oxford Science 10 Victorian Curriculum Oxford University Press
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This hypothesis includes the variables to test (assuming all other variables are controlled):

¢ independent variable — amount of yeast suspension used
* measured dependent variable — volume of gas produced

* the reasoning behind the prediction — scientific knowledge about rates of reaction.

Hypotheses like this can guide investigations and help scientists focus on gathering the

correct data to draw conclusions.

Check your learning 1.3

Check your learning 1.3

Retrieve

1
2

Define the term “hypothesis”.

Identify the name given to the variable that
is being tested (and is therefore changed on
purpose).

Identify the two variables contained in a
hypothesis.

Comprehend

4

Explain why most variables need to be
controlled.

Explain the difference between a hypothesis and
a prediction.

Analyse

6

Justin decided to conduct an experiment to find
out whether cats prefer fish wet food or chicken
wet food. He gave one cat a bowl of fish wet food
and the other cat a bowl of chicken wet food and
then left them alone. When he returned an hour
later, the bowl of chicken wet food was gone and
there was a small amount of fish wet food left.
Justin concluded that cats preferred chicken wet
food to fish wet food.

Oxford University Press

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

b Explain whether Justin conducted a
reasonable experiment. (Did he control all
other variables? Would he have seen the same
results if he repeated the experiment? Was the
experiment fair?)

¢ Identify two variables that should have been
controlled. Explain how these variables could
have affected the results.

d Describe two ways Justin could improve
his experiment so that his results were more
reliable.

Apply

7 Create a hypothesis for an investigation that
looks at the stopping distances of cars in different
conditions.

8 List some variables you would control if you were
investigating the energy efficiency of a bouncing
tennis ball.
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This work must not be reproduced, stored, transmitted or circulated in any other form.



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

®

Learning intentions
and success criteria

Lesson 1.4
Scientists plan and conduct
Investigations

Key ideas
— The type of data being collected will determine what investigation method is used.
— When planning and conducting an investigation, it must be reproducible by others.

— Ethics considers “Should we?” when determining whether an investigation should be
carried out on people, animals or the environment.

— When conducting field work, scientists must seek permission from the land owner or
organisation to access the land.

— |If research is being conducted at culturally significant sites, appropriate protocol must
be followed to access the site, not damage any sacred objects, and limit access to
people who have permission to be there.

— The results obtained from investigations must be reliable, as this indicates the
investigation method is sound.

A goal without a plan is just a wish

Stage 2 of the scientific method involves planning
scientific investigations and conducting experiments
(Figure 1).

In this lesson, you will learn about the ways in which
scientists plan and conduct experiments so that:

¢ they are reproducible STAGE 2
¢ the equipment and technologies chosen will collect Planning and
conducting

accurate and reliable data
¢ the results are reliable
e any risks are recognised and managed
¢ they consider any ethical issues

¢ they follow necessary protocols (especially when

. .. . Figure 1 Stage 2 of the scientific
accessing Aboriginal and Torres Strait Islander 5 & rent

) method is Planning and
Peoples’ cultural sites and artefacts on Country). conducting.

The aim of an investigation

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

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

18 Oxford Science 10 Victorian Curriculum Oxford University Press
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For example, if you are investigating how the concentration of an acid affects the rate
of a chemical reaction, the purpose of your investigation could be: “To determine how
changing the concentration of hydrochloric acid affects the rate at which it reacts with
magnesium ribbon”. This clear purpose guides the experiment by focusing on what you
aim to learn and what variables to measure, such as the time it takes for the magnesium
to dissolve.

Investigation methods

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

Field work

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

La boratory exper’i m entatiO n Figure 2 In the field, scientists are able to collect more

accurate data from the environment.
Within a laboratory setting, controlled

investigations can be conducted to explore
hypotheses and manipulate variables.
Data collected from these investigations
include quantitative measurements
including reaction times, change in
temperatures or energy outputs, as well

as qualitative observations such as colour
changes or smell.

I nveStlgaUO ns mu St be Figure 3 Investigations completed in a laboratory allow
re p rOd u C| b | e for precise control and replication of findings.

Once the hypothesis has been written, it’s time to plan how to carry out the experiment.

An experiment must be a reproducible test to ensure accurate and reliable results. reproducible
when the experiment
can be repeated by
another scientistin
same results. This helps scientists trust the effect of the variable being tested. another laboratory

A reproducible test is one in which only one variable is changed at a time, and all other
conditions are controlled. This means the test can be reproduced and should achieve the

For example, if you are testing how sunlight affects plant growth, you should keep
the type of plant, the amount of water, and the soil the same for all the plants, and only
change the amount of sunlight each plant receives (Figure 4). By doing this, you can be
confident that any differences in plant growth are due to the amount of sunlight and not
other factors.

This approach helps scientists make valid conclusions and advances our understanding of
the world.
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ethics asetof
principles that
provide guidance
to determine what
is morally right and
wrong

cultural norm the
expectation that

you should behave
according to the
values of the people
around you

20 Oxford Science 10 Victorian Curriculum
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Figure 4 If you are testing how sunlight affects plant growth, you should control all other variables like water, soil,
temperature and pot size.

Ethics

Ethics are a set of principles that provide a way to think when making decisions. Sometimes
when you make a decision, you use the rules that are written down, such as the school rules
or the laws of the government. At other times, you use rules that are not written down.

Some rules are set according to what is normal to the people around you. For example, the
unwritten rules in your science classroom may be different to the rules in a physical education
class. When playing sport, it might be normal to yell to a team member, whereas yelling in a
science classroom is not normal. Neither of these rules are written down; however, everyone
in the class will know them and behave accordingly. The expectation that you should behave
according to the values of those around you is called the cultural norm.

Ethical approaches

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

Consequentialist ethics

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

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

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

Using this approach, Alfred Nobel did the ethically right thing because he wanted to stop
people becoming hurt by unstable nitroglycerine. The consequences of this decision are not
as important when using this approach.

Oxford University Press
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Ethical approaches

v v

Consequentialism Deontological
‘the end justifies ‘doing the right thing
the means’ regardless of consequences’
Are the consequences Are the actions
good or bad? involved good or bad?

Figure 5 A consequentialist approach to ethics considers the consequences. A deontological approach considers
duties and rules.

Ethical issues must be considered

Ethical issues in science are the questions and decisions that scientists face about what is right
or wrong when doing research. These issues involve making choices that could affect the
wellbeing of people, animals or the environment.

When planning and conducting an inquiry, a simple way for a scientist to consider ethical
issues is by asking “Should we?” rather than just “Can we?”. For example:
* Should we test new medicines on animals?
e Could this research harm anyone?
* Do the potential benefits of this research outweigh the risks?
» Should we share this discovery if it could be used in harmful ways?
* Are we being completely honest about our results?

These questions don’t always have clear right or wrong answers. This is why it is
important to discuss and think about them carefully before, during and after scientific
research is conducted.

Figure 6 There are many ethical issues related to animal testing, including whether animals should have more legal rights and how to balance
the wellbeing of animals against the benefits of developing safe medicines for humans and other animals.
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reliable consistency
of a measurement,
test or experiment

Protocols must be followed

When planning and conducting scientific research in the field (i.e. outside the laboratory),
it is important that scientists do their research and seek permission from the person or
organisation that owns the land they will be using to conduct their research. This could
be a private landholder; a company that holds a lease to the land; or a local, state or federal
government organisation.

When conducting research on culturally significant sites in Australia, key protocols need
to be followed. These include:
¢ requesting and receiving consent from the Traditional Owners of the land on which the

research is being done
¢ respecting cultural sensitivities and engaging with Elders and community leaders to

ensure these are understood
¢ not disturbing sacred objects
¢ limiting access to the site to people who have permission to be there
e ensuring the Traditional Owners understand the aims, methods and possible impacts

(both positive and negative) of the research
¢ ensuring data is shared appropriately with the community.

Hamersley Gorge (Figure 7) is located
in the Pilbara region of Western Australia.
There are many sacred sites in the Pilbara
region including nearby Juukan Gorge. In
2020, mining company Rio Tinto legally
destroyed a 46,000-year-old cave in the
Juukan Gorge to expand one of its iron
ore mines, despite its cultural significance
to Traditional Owners. The event led to
global outrage, a parliamentary inquiry, Figure 7 When conducting scientific research on sites
and changes to Western Australian cultural in Australia that are culturally significant, it is essential

. that scientists seek permission and follow all protocols
heritage laws. carefully.

Results must be reliable

It is extremely important that the results of an experiment are reliable. Reliable results are
those that are consistent and can be trusted because they are repeatable under the same
conditions.

If you do an experiment once, following your plan exactly, you will probably get a set of
results you think are accurate and reliable. But what if you try the experiment again the next
day and the results are different? You would probably ask:
¢ Did I do things in a different order?
¢ Did the conditions change? (For example, hotter or cooler weather.)
¢ Did I use different materials? (For example, a different brand of vinegar or a slightly

different variety of plant.)

Repeating the experiment until you get the same results at least three times helps to ensure
your results are reliable. Another way to ensure your results are reliable is to ask someone
else to perform the same experiment multiple times to confirm that they get the same results.
This consistency is crucial for making sure your findings are precise and trustworthy.
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Check your learning 1.4

Check your learning 1.4

Retrieve Analyse
1 Explain what it means for an investigation to be 6 Analyse the events that resulted from the
“reproducible”. destruction of Juukan Gorge by Rio Tinto in
2 Define what ethics means. 2020. You will need to conduct some additional
research online for this. In your response,
Comprehend . q -
identify three specific protocols that were not
3 List some advantages and disadvantages of field followed by Rio Tinto.
work and laboratory experimentation. :
4 Explain why results must be reliable when Apply
planning and conducting an investigation. 7 Examine one ethical issue of your own choice

5 Explain why scientists must seek permission that scientists might face when conducting

medical research. In your response, consider both
the potential benefits and risks of the issue.

before conducting field research on private or
culturally significant land. Support your answer
with two examples from the text.

Lesson 1.5
Scientists always take safety
precautions

Key ideas

— When working in the laboratory, is important to follow all safety rules to keep yourself
and others safe.

— All risks must be recognised and managed when conducting investigations.

— Safety data sheets are used to communicate information about how to handle and
store the substance, as well as first aid information in the event of an accident.

— Pictograms are symbols used to communicate the specific type of hazard the
substance presents.

— Arisk assessment is created before beginning an investigation. It helps identify risks
and describes how to prevent and mitigate them if they occur. @

— When working with chemicals, they must be safely disposed and not poured down the

sink, as they can be toxic for the environment. Learning intentions
and success criteria
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risk exposure to
danger

Safety in the laboratory

A science laboratory is not like a normal classroom. When completing investigations in the
laboratory, all laboratory rules must be followed and you must work in a safe manner and
understand what to do in an emergency. Before starting your investigation, any protective
equipment must be put on including safety glasses, lab coat and gloves. When setting up your
work bench, ensure there is sufficient space for you to work. As you perform your procedure,
you must keep in mind any safety risks identified on your risk assessment as well as storing
equipment and any chemicals in a safe manner on your bench to minimise chemical spills and
equipment damage and breakage. Most safety is common sense — common sense can prevent
many dangerous situations.

In the laboratory, do:

e wear a lab coat for practical work

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

¢ tie back long hair whenever you do an experiment

¢ wear safety glasses while mixing or heating substances

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

¢ wash your hands after an investigation

¢ listen to and follow the teacher’s instructions

¢ wear gloves when your teacher instructs you to.

In the laboratory, don't:

¢ run or push others or behave roughly

e eat anything or drink from glassware or laboratory taps

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

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

¢ mix chemicals at random

¢ put matches, paper or other substances down the sink

e carry large bottles by the neck

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

Risks - anticipate, recognise and eliminate

Scientists work with many hazardous materials when completing experiments. As a result,
they need to be aware of risks — anything that might affect their health or safety in the
laboratory. The laboratory is a safe place, as long as hazards are anticipated, recognised,
and eliminated or controlled.

Risks must be recognised and managed

When planning and conducting scientific experiments, managing risks is crucial for
everyone’s safety. Before starting any experiment, scientists need to identify what could go
wrong (e.g. harmful chemical reactions, dangerous equipment or toxic materials).

They must put safety measures in place to prevent accidents and minimise harm. This
includes:

e using protective equipment (e.g. goggles, gloves and lab coats)

24 Oxford Science 10 Victorian Curriculum Oxford University Press

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



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

e carefully following safety instructions and warnings for chemicals (and other dangerous

materials)

* working in well-ventilated areas

e knowing emergency procedures (including proper disposal of hazardous materials).

It is also important to consider risks not only to the people doing the experiment, but to

others nearby (e.g. animals involved in research) and the environment. For example, if an

experiment requires strong acids, the scientists need safety materials and equipment nearby

and must know how to safely clean up spills.

A well-planned experiment includes thinking ahead about safety. Missing one

small thing could lead to an accident. The goal is to get good scientific results while keeping

everyone and everything safe.

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 helps scientists understand more about

how the chemical should be used during an experiment (Figure 1).

safety data sheet
(SDS) adocument
that details health and
safety information
about a material,
including safe
handling and its
properties

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.

SAFETY DATA SHEET

MSDS name:

Sodium Chloride: Hazardous chemical

Section 1 - Identification
Sodium Chloride

Synonyms:

Common salt; Halite; Rock salt; Saline; Salt; Sea salt; Table salt.

/I Contact details of the manufacturer

Company identification:

Eye and skin:

Chemical company
Section 2 - Hazard(s) identification
May cause eye irritation.

Hazard level of the chemical
All chemicals should contain labels

Physical and chemical
properties of the substance
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.

relating to their particular dangers.
This may include flammability,
corrosive ability, toxicity and ability to

cause long-term damage, such as
cancers. The risks can be shown using
descriptions or the symbols shown

in Figure 4.

Ingestion: Ingestion of large amounts may cause gastrointestinal irritation.
Ingestion of large amounts may cause nausea and vomiting, rigidity
or convulsions.

Inhalation: May cause respiratory tract irritation.

) Section 3 - Composition and infor on ingredients

Physical state: Solid

Appearance: Colourless or white

Odour: Odourless

Boiling point: 1413 deg C

Freezing/melting point: 801 deg C

Solubility: Soluble

Specific gravity/density: 2.165

Molecular formula: NaCl

Molecular weight: 58

Section 4 - First aid measures

What to do in the case of a
spill

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.

This includes first aid
measures, any antidotes,
symptoms that might result

from exposure and if personal
protective equipment (PPE)

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. This
section provides information
about how to safely handle
and store the substance to
minimise the risks.

re

Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting
the upper and lower eyelids. Get medical aid.

Skin: Flush skin with plenty of soap and water for at least 15 minutes while
removing contaminated clothing and shoes. Get medical aid if irritation
develops or persists. Wash clothing before reuse.

Ingestion: If victim is conscious and alert, give 2-4 cupsful water. Get medical aid.
‘Wash mouth out with water.

Inhalation: Remove from exposure to fresh air immediately. If breathing is difficult,
give oxygen. Get medical aid if cough or other symptoms appear.

e Section 5 - Fire-fighting measures

General information:

Spills/leaks:

Handling:

Section 8 - Exposure controls and personal protection

Engineering controls:

Section 6 - Accid

Water runoff can cause environmental damage. Collect water

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
noncombustible.

I release es

Vacuum or sweep up material and place into a suitable disposal container.
Clean up spills immediately, observing precautions in the Protective
Equipment section. Avoid generating dusty conditions. Provide ventilation.
Section 7 - Handling and storage
Use with adequate ventilation. Minimise dust generation and accumulation.
Avoid contact with eyes, skin, and clothing. Keep container tightly closed.
Store in a cool, dry, well-ventilated area away from incompatible
substances. Store protected from moisture.

Good general ventilation should be used.

is recommended for the
aiders. Advice may be needed
on how to cover drains to
prevent the chemical making
its way into ground water.

Protective measures
Information on the eye and
face protection needed, the
type of gloves or skin
protection required and the
possible need for masks.

Personal protective equipment

Eyes: Wear safety glasses with side shields.
Skin: Wear appropriate gloves to prevent skin exposure.
Clothing: Wear appropriate protective clothing to minimise contact with skin.

Figure 1 Example of a safety data sheet (SDS) from a manufacturer or certified provider
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Safety data sheets can contain a lot of information, including the type of protective
equipment that must be worn (Figure 2 and Figure 3) and the specific hazards of chemicals
(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.

Eye protection
must be worn in
this area

NO UNAUTHORISED
ENTRY

NO UNAUTHORISED

VEHICULAR ACCESS

Rt Bletman o
Figure 2 The hazards identified in safety data sheets (SDSs) are Figure 3 Emergency workers in

displayed by many industries, including the mining industry. sealed positive-pressure protective
suits communicating with each other

Figure 4 Pictograms such as these are often seen on the labels of chemicals to communicate specific hazards.
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Writing a risk assessment

Including a risk assessment is a crucial part of any scientific investigation. It helps the risk assessment
the process of
identifying and
evaluating potential
A risk assessment table provides a summary of possible hazards and outlines safety risks, including how
they can be mitigated
and what to do if

in a risk assessment table are the mass of solids, the volume and concentration of solutions, there is exposure to

and any equipment used, as these factors can significantly impact the safety and risks the risk
associated with the experiment. An example of a risk assessment table is shown in Table 1.

person conducting the experiment to identify potential risks and plan how to prevent or
manage them if they occur.

precautions, making the investigation safer and more organised. Important details to include

Table 1 A risk assessment table for an experiment involving a reaction between a magnesium ribbon and
hydrochloric acid

Chemical Risk Precaution Management

200 mL of 1M HCI HCl is corrosive and Wear goggles and gloves to If contact occurs, rinse immediately
can cause chemical protect the eyes and skin. with plenty of water. Seek medical help
burns. if necessary.

Mg ribbon When reacted with Use a small amount of Conduct the experiment in a well-
HCI, heat and hydrogen magnesium ribbon and control ventilated area. If the reaction is still too
gas is produced. the rate of the reaction. vigorous, dilute the acid.

Hydrogen gas produced = Hydrogen gas is Perform the experiment away = In the case of a fire, use a fire extinguisher

by the reaction flammable. from open flames or sparks. to handle any ignition of gas.

Your teacher should provide you with a template to create your risk assessment, or you
may have access to programs that will create your risk assessment for you, such as RiskAssess.

Safety in the field

When scientists work in the field (i.e. conduct research and practical work in the natural
environment), they need to take important safety measures to protect themselves and their
research.

This includes wearing appropriate protective clothing and
equipment specific to the location they are working in — for
example, closed-toe shoes, long pants or weather-appropriate
clothing to guard against hazards like sharp rocks, thorny
plants or extreme temperatures (Figure 5).

Scientists working in the field should carry first aid Kits,
satellite phones and special equipment like GPS trackers in
case of emergencies. They should also work in pairs or teams
whenever possible rather than on their own.

It is crucial to research potential dangers in advance, such
as dangerous local wildlife, extreme weather conditions or
terrain challenges, and plan accordingly.

Taking these precautions helps ensure that scientists can
focus on their research without putting themselves at risk. Figure 5 Volcanologists are

Experiments conducted in a laboratory are easier to control scientists who study volcanoes.
When they are out in the field,

they wear heat-resistant silver
suits to protect themselves against
the results. heat, ash and molten rock.

than those conducted in the field because external factors
like weather conditions and natural disasters don’t influence
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Safe disposal of chemicals and other materials

Safely disposing of chemicals is just as important as safely using them. Not everything can
be poured down the sink. Some schools have acid-neutralising traps in the drains that allow
diluted acids to be disposed of in this way. Other chemicals can react with the acid traps or
can be toxic for the environment. As a result, these chemicals must be collected at the end of

corrosive

a substance that can
damage or destroy
other materials

the class and disposed of appropriately by your teacher. These chemicals include corrosive
liquids, grease and oils, biohazardous wastes and toxic solids. Table 2 lists the safe disposal
techniques for various materials.

Table 2 Examples of how various materials can be disposed of safely

Material Examples What to do with it
Biohazardous Animal cells and Solids should be collected by your teacher.
waste tissue

Deactivate liquid with bleach (1 part bleach to 9 parts
water) for 30 minutes before pouring down the drain.

Grease and oils Vegetable oils Collect in a bottle and place in regular rubbish.

Machinery oil Dispose of as hazardous chemical waste.

Weak acids
Strong acids or alkalis

Corrosive liquids Pour down the drain.

Neutralise the acid or alkali and pour down the drain.

Solids Play dough Place in regular rubbish.
Hydrogen peroxide > 8% Dilute before pouring down the drain.
Check your learning 1.5
Check your learning 1.5
Retrieve Comprehend
1 Describe what a risk is. 6 Explain why you should not mix chemicals that
2 Explain what information is found on a safety have not been described in the method.
data sheet. 7 Explain why it is dangerous to drink from
3 Explain the purpose of a risk assessment. laboratory glassware.
Identify five things you should do to stay safe in Analyse
the laboratory. .
R ) 8 A student has created a risk assessment for
5 Identify the three safety symbols shown in

Figure 6. Describe the meaning of each symbol.

Figure 6 Three safety symbols
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an investigation related to the effect of salt
concentration on the boiling point of water
(‘Table 3) but has not completed all aspects of it.
Analyse this risk assessment and identify the
information that is missing.
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Table 3 Risk assessment for an upcoming investigation

Equipment Risk Precaution Management

Bunsen Burn, fire = Keep area around the Bunsen burner clear

burner hazard and allow equipment to cool before handling

Thermometer = Cuts, Alert your teacher and clean up the spill

(alcohol) slipping immediately.
If there is broken class, use a brush and
dustpan.

Beaker Inspect the beaker for cracks or chips before | Alert your teacher and clean up

use and handle carefully when taking it off immediately using a brush and dustpan.

the Bunsen burner.

Apply

9 In an investigation, some equipment you will be using includes distilled water, hydrochloric acid, beakers
and a Bunsen burner. Describe the risks, precautions and management that should be taken with each
piece of equipment.

Lesson 1.6
Scientists use specialised equipment

Key ideas

— When conducing investigations, select suitable materials, equipment and technologies
that will provide accurate and precise results.

— In an investigation, multiple trials are conducted to ensure the method is reliable and
the data is accurate and precise. @

— Errors in an investigation can affect the outcome, so you must be aware of how

systematic errors can occur. Learning intentions

and success criteria

Materials and technologies

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

When completing an investigation involving chemistry, the correct chemicals at the
appropriate concentration must be used, as well as technology such as digital probes to record
temperature or pH more accurately (Figure 1).

In physics, motion sensors or electrical circuit Kits are used to measure variables including
speed or resistance with precision, while in biology, sensors that monitor environmental
conditions all day would provide more accurate conditions.
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Figure 1 (A) A pH meter is able to accurately determine the pH of a solution. (B) Universal indicator only provides
an approximate pH value based on the colour of the paper.

Scientific equipment

Equipment is the term used to describe the beakers, Bunsen burners, conical flasks, retort
stands and other items used by scientists to conduct experiments (Figure 2). Using the

equipment
items used in the
laboratory to conduct

experiments correct equipment ensures accurate and precise results and the safety of scientists.

experiment an
investigation used
to test a hypothesis,
solve a problem or
find an answer to a
question

results the H
measurements and Beaker Measuring Bunsen Filter
observations made in cylinder burner funnel
an experiment; often

presented in a table e - o

or graph

U

/

+
. g

Retort stand

with boss head

and clamp

Conical
flask

Gauze mat

Test-tube
holder

Tripod
stand

Evaporating
dish

Test-tube
rack

Test tube

Watch glass

Metal
tongs

Stirring rod

Thermometer

Spatula

Figure 2 Types of equipment used in the laboratory
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Repeating trials

Repeating trials is a crucial step for ensuring accuracy, precision and reliability in the results
and the method as it allows you to identify and reduce errors.

Reliable

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

Reliable data means the experiment has been repeated numerous times and the mean
calculated for the results. This ensures that the results were not due to errors.

Accuracy

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

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

Precision

Precision refers to how consistent your measurements are, even if they aren’t accurate.
Precision reflects the reliability of your experimental procedure and the quality of the
equipment or method you use for measurement.

Imagine you are trying to calculate the value of gravity (where
£ = 9.8 m/s?) by dropping an object from a height and measuring
the time it takes to fall.

e If you calculate values like 4.7, 12.5, 5.3 and 9.2, the results are
neither accurate nor precise. This indicates significant errors in
your method and/or data collection, as the values are far from
9.8 m/s? and inconsistent with each other.

» If you calculate values like 8.7, 9.5, 8.2 and 10.7, the results are
accurate but not precise. While they are generally close to 9.8 m/s?, "oT PnEcISE
they vary significantly and lack consistency, indicating errors in

your data collection.

e Ifyou calculate values like 12.2, 12.9, 11.9 and 12.4, the results
are precise but not accurate. Although the measurements are
consistent, they are far from the true value of 9.8 m/s?. This
indicates an error in your method.

e If you calculate values like 9.7, 9.4, 9.9 and 9.6, the results are
both precise and accurate. These measurements are consistently
close to 9.8 m/s?, showing a reliable and accurate method.

NOT ACCURATE
PRECISE

NOT ACCURATE

repeatable when
an experiment can be
repeated by the same
scientist using the
same materials

reproducible
when the experiment
can be repeated by
another scientistin
another laboratory

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

ACCURATE
NOT PRECISE

ACCURATE
PRECISE

Figure 3 The reliability of your scientific method
will affect the accuracy and precision of the data

collected.
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random

error whenan
unpredictable
variation in
measurement
occurs, resulting in
an outlier result

systematic error
a repetitive error
that is not removed
by repeating the
experiment

Errors

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

as simple as measuring the mass of an object on scales can change if someone breathes

on the scales, or if a person generates a small breeze by walking past quickly. These small

unpredictable variations in measurements are called random errors. Random errors can be
reduced if the measurements or experiments are repeated.

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

Repeating the experiment will not remove
these errors. Instead, checking the accuracy
of the scales with a known weight (Figure 4)
or carefully checking that there are no other
variables in the method that will affect the
outcome will minimise these errors.

Figure 4 Checking the accuracy of scales will minimise
errors in data.

Check your learning 1.6

Check your learning 1.6

Retrieve b
1 Explain the difference between accuracy and

precision. c
2 Describe how repeating trials improves the

results and method.

3 Explain the difference between a random error d
and systematic error.
Comprehend e

4 Explain the advantage of using digital
equipment over their analogue counterparts.

5 Justify when you would use a beaker or
measuring cylinder for a volume of liquid.

Analyse

6 An investigation is conducted on the conservation
of mass in a chemical reaction using the following
method:

a Measure 5 g of baking soda and place it in a
sealed plastic bag.

32 Oxford Science 10 Victorian Curriculum

Apply

7 From an experiment you have previously

Measure 100 g of vinegar and add it to a
separate container.

Carefully pour the vinegar into the plastic bag
with the baking soda and quickly seal the bag
to prevent any gas from escaping.

Observe the reaction and measure the total
mass of the sealed bag and its contents before
and after the reaction.

Record the mass measurements and any
observations.

Analyse the method used in this investigation

to determine its reliability, and the precision and
accuracy of the data collected.

completed, identify a random error and
systematic error that could have occurred.
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Lesson 1.7
Scientists use tables, graphs and
models to record and process data

Key ideas
— Scientists need to collect data and present it in an organised manner.
— Tables and graphs allow scientists to identify patterns in their results.

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

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

— Keys help scientists interpret or identify information in scientific diagrams, maps and data.

— Models are representations that help explain scientific concepts or can be used to test
explanations.

— Mathematical relationships show connections between variables and pieces of data,
and express them as numbers or equations.

— The data presented in some graphs can be extrapolated or interpolated to make @
predictions.
— If using data from secondary sources, you need to check they are reliable sources. Learning intentions

and success criteria

Without data, you're just another
person with an opinion

Stage 3 of the scientific method involves processing,

STAGE 3
Processing, modelling
and analysing

modelling and analysing data generated during a scientific
inquiry (Figure 1). This can be done using:

e data tables

e graphs
e keys
* models

Figure 1 Stage 3 of the scientific
method is Processing, modelling
and analysing.

* formulas.

Representations to organise data

Once data has been collected from an investigation, how to effectively organise and represent
the data is crucial for interpreting and communicating scientific findings. Representations
such as keys, tables, graphs, models and diagrams allow us to visualise patterns, trends

and relationships within data sets. These tools not only help in making sense of complex
information but also in presenting it clearly to others.
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1.7

Data tables

During the investigation, you will be collecting and recording qualitative and quantitative data
into your logbook (Lesson 1.8 Scientists keep a logbook (page 41)) for later analysis. This is
essential for drawing valid conclusions and evaluating the outcomes of the investigation.

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

There are four steps for constructing a table:

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

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

3 Give each column a heading that includes the units (what the numbers in the column
mean), such as “Temperature (°C)”. The variable being changed (independent variable)
goes in the first column, and the variable being measured (dependent variable) goes in the
columns to the right.

4 Add your data in the correct columns.

A spreadsheet can also be used to create a table.

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

Time (minutes) Temperature (°C) Observations
0 15 6 ice-cubes in the beaker with water.
1 18
2 25

3 of the ice-cubes have melted and the remaining 3 are

3 32 now half their original size.

4 40

5 49

6 56 The Bunsen Burner went out. Had to relight it.
7 58

3 63 Small bubbles appearing in the solution. All the

ice-cubes have melted.

Graphs

There are two main types of data that are recorded and graphed by scientists so they can be

categorical data analysed efficiently.
information that

e ¢ Categorical data is a collection of information that can be divided into named groups
can be divided into

groups or categories (e.g. colours, types of animals, types of vehicles).
numerical data ¢ Numerical data is a collection of information that can be represented as numbers
information in the (e.g. temperature, wind speed, height).

form of numbers . .. .
Numerical data can be divided into two smaller groups.

discrete data . . . .

information that ¢ Discrete data is data that can only take a specific and separate value. It is usually

can only take on counted in whole numbers that cannot be broken down into smaller parts. For example:
specific and distinct
values, such as whole
numbers — the number of votes in an election.

the number of students in a class
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1.7

Discrete data is often represented in a column graph.

¢ Continuous data is data that can take any value within a range. It can be divided into continuous data

smaller parts. It is measured, not counted. For example: information that
. . . can be any value,
— measuring the speed and acceleration of a runner over the course of a 100 m sprint including decimals

— measuring the rate at which water is poured into a glass and fraCtéons thatare
measure
— measuring temperature and wind speed over the course of a day.

Continuous data should always be represented in a line or scatter graph.

Table 2 Summary of the data type and how it can be represented

Type of data Description Representations

Discrete data distinct, separate values like the bar graphs, tables or pie charts
number of students in a class

Continuous data = values within a range, such as line graphs or histograms (to show
height or temperature fluctuations over time or a range of values)

Qualitative data description of characteristics like = categorical tables or bar chart
colour or texture

Quantitative data = numerical values like weight line graphs, scatter plots or histograms (to
or time allow for precise measurement and analysis)

Choosing the appropriate representation for each data type allows for clearer interpretation
of patterns, trends and relationships.

Line graphs
Line graphs are used when both the independent variable and the dependent variable are line graphs

continuous data (Figure 2). This includes changes in variables such as temperature, speed individual data points
that are connected
and that change

between the independent and dependent variable. over time

or population growth over time. Patterns are more easily observed as well as the relationship

Monthly average temperature in Melbourne

35
30
25
20

15

Temperature (°C)

10

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

—e— High temperature =~ —— Low temperature

Figure 2 A line graph plots continuous data. In this graph, two data sets are included and are represented by
different colours to make it easier to interpret.
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1.7

column graph
vertical bars used to
compare data

scatter plot atype
of graph that displays
the relationship
between two sets of
numerical data

line of best fit

a straight line that
goes through the
middle of all the
scatter points to
minimise the distance
between the line and
the scatter points
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Number of insects caught at
different locations

Column graphs

In a column graph, the height of each column 0]
represents a value that you have measured. This
type of graph is good for showing discrete data. 607
Imagine that a scientist is recording the :f: 307
number of insects at different locations. In this 'Eo 40
experiment, the independent variable (the variable § 304
that is changed) is the location, and the dependent §
variable (the variable that is measured) is the & 27
number of insects. 10
0

A B C D E F G H
Location

Scatter plots

Scatter plots are used when both the independent .
) ) ) Figure 3 An example of a column graph
variable and the dependent variable are continuous
and may not be connected by a line. Occasionally,
a line of best fit can be used to show the trend or
direction of the relationship. A line of best fit is a
straight line drawn through a group of data points,
and it can show the positive or negative relationship

(correlation) between two variables (Figure 4).

T 1T 1T 1T T T T "T"71
1 2 3 4 5 6 7 8 910

Time (min)
—x%— Distilled water -@ - Honey

Imagine that a scientist is investigating how
temperature changes over time. In this experiment,

the independent variable (the variable that is
changed) is time, and the dependent variable (the Figure 4 An example of a scatter plot

variable that is measured) is temperature.

Keys

A key is a guide that helps a scientist to interpret or identify information in scientific
diagrams, maps and data. Examples include:

e alegend on a graph to explain what different coloured lines represent

¢ acolour key on a weather map to indicate temperature ranges

¢ asymbol key on a geological map to indicate different types of rock

¢ adichotomous key to identify plants or animals based on their characteristics (Figure 5).

Models

Models are representations of systems, structures or processes, and are often used when the
actual system is too large, too small or too complex to study directly. Models can be physical
(like a model of the solar system), mathematical (such as a formula) or conceptual (like a
flow chart). Models help us understand how things work by simplifying complex ideas into
something easier to study and experiment with. They include:

¢ a physical model of the solar system

¢ adiagram showing how the water cycle works

¢ a computer simulation of weather patterns or ozone levels (Figure 6)

¢ a mathematical model predicting population growth

¢ ascale model showing the relative sizes of different atoms.

Models are not just used for communication. Some models (such as physical or computer
models) can be used to test hypotheses about how a system might behave differently if a
variable is changed.
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1.7
b DICHOTOMOUS

FUR NOFUR
- { . !
FEATHERS NO FEATHERS
MAMMAL A
o0 § )
DRY SKIN MOIST SKIN

L
!

NO SCALES

BIRD

REPTILE

FISH AMPHIBIAN

Figure 5 A dichotomous key can be used to identify animals based on their characteristics.

Figure 6 Computer modelling can make predictions about the future, such as Antarctic ozone levels.
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1.7

Mathematical formulas

Mathematical formulas show connections between independent variables and dependent
variables and express them as numbers or equations. Examples include:

¢ distance travelled = walking speed x time spent walking

¢ graphing the relationship between the amounts of water given to plants and their growth

¢ temperature changes throughout a day

¢ how the weight of a bag changes as you add more items

¢ finding patterns in measurements (e.g. analysing daily rainfall over a month).
Mathematical relationships can sometimes be used to predict how things may change in

the future.

Extrapolating graphs

Graphs can be used to show data that has been collected, but it can also be used to analyse
data and to make conclusions. When drawing a graph, it is important to:

¢ label each axis (with units)

¢ scale the axis so that it uses the space available

¢ 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 Extrapolation occurs when data are estimated outside the known values. Extrapolating
eslt'ma;'”g Ut”k”céwh a graph occurs when a line is drawn to estimate values beyond the available data. This can
values trom trends in . . .
known data introduce errors to the data, because there is no data collected to support the conclusions that
have been made (Figure 7).
I e il et e it ®
ot
R
ya 1
c S
=] + 1
7] 4 1
9 1
= 1
'g 1
< 1
Q 1
7] 1
w 1
[+ 1
= '
i
.
1
0
0 50 60
Time (s)
Figure 7 The data were only collected for 50 seconds. Extrapolating the data to 60 seconds can introduce errors.
Interpolation and making predictions
interpolation While extrapolation involves estimating values outside the known data, interpolation is
determining a value the process of estimating values within the range of the data you have already collected.

from existing values . . . . . ..
Interpolation is often considered more reliable than extrapolation because it is based on data

points that are within the observed range. To interpolate, you simply use the existing data
points on a graph to estimate unknown values between them. For example, if you have data
for the mass of an object at 2 g and 5 g, you can interpolate to predict the volume at 2.5 g by
drawing a line between the two points and reading the value (Figure 8).
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Both extrapolation and interpolation
allow us to make predictions based on trends 12 1 /

shown in graphs. However, extrapolation [~
should be done cautiously, as it involves
estimating data outside the known range,
which can lead to less accurate results.
Interpolation, on the other hand, uses

Volume (ml)

existing data points and is generally more
reliable for making predictions within

the known range. It’s important to always
consider the reliability of the predictions and

whether additional data could improve the 0

accuracy of your results. 0 1 2 3 4 5 6
Mass (g)

SeCO n da ry sources Figure 8 Interpolation uses existing data points to

estimate unknown values and is more accurate than

. . extrapolation.
A reliable secondary source is one that

provides accurate, well-researched and

credible information derived from primary sources. These sources interpret, analyse and
synthesise data and information, offering insights that help deepen an understanding of the
research topic. Reliable secondary sources are typically created by experts, are peer-reviewed
and are published in reputable scientific journals.

Check your learning 1.7

Check your learning 1.7

Retrieve 8 Select the best graph that could be created for
1 Identify the two types of numerical data that the data from the following scenarios.

scientists collect. a Students conduct an investigation to measure
2 Identify which variable (independent or the temperature of water as it is heated over a

dependent) is located on the x-axis of a graph. period of 10 minutes.

b Students measure the height of plants after
4 weeks of using different types of fertilisers.

3 Describe the type of graph that would be used

to show the number of birds found in a particular
area each month. ¢ Students count the number of M&Ms of each

Describe the main purpose of using data tables. colour in a bag.

5 Identify the difference between categorical data d Students measure their reaction time to

sre. mrvrrEE el € s different stimulis (e.g. visual, auditory).

e Students measure the pH levels of various
solutions (e.g. vinegar, soap, water).

6 Define what extrapolation and interpolation
means.

Comprehend Analyse
7 Classify the following as discrete or continuous 9 Students conducted an experiment to measure
data. the growth of bacteria in a petri dish over a
period of 10 days. They recorded the number of

bacterial colonies each day and created a table

a Student’s favourite colour

b Height of the members in your family . )
with their data (Table 3).
¢ The number of books on a shelf .
d Th ¢ a Plot the data on a graph with the number of
¢ mass of cggs bacterial colonies on the y-axis and the day on
e Amount of liquid in a bottle the x-axis 4
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Use the model to predict the number of
bacterial colonies on day 12.

Use the graph and model to estimate the
number of bacterial colonies on day 7.5.
Explain how the model helps in
understanding the growth pattern of bacteria.
How reliable and accurate do you think the
data collected is? What factors could affect the
precision of the measurements?

How does the model help in understanding
the growth pattern of bacteria? Are there any
limitations to the model?

Compare the growth rate of bacterial colonies
between the first 5 days and the last 5 days.
What differences do you observe?

Interpret the significance of the steepest part
of the graph. What does it tell you about the
bacterial growth during that period?
Calculate the average daily increase in the
number of bacterial colonies over the 10-day
period.

Table 3 The number of bacterial colonies over 10 days

Day Number of bacterial colonies
1 5
2 12
3 20
4 35
5 50
6 70
7 95
8 120
9 150
10 180

40 Oxford Science 10 Victorian Curriculum
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Apply

10 The speed of a car was recorded at regular

Speed (m/s)

intervals along a straight stretch of road and the
following graph created (Figure 9).

a

b

(¢

50
454
40 +
35 A
30
25
20
15
10 +
54

Determine the speed of the car at

2.5 seconds.

Justify if the speed determined in part a is
reasonable. HIN'T": to convert m/s into km/s,
multiply your answer by 3.6.

Explain if this is an example of interpolation
or extrapolation.

Determine the speed of at car at 12 seconds.
Justify if the speed determined in part d is
reasonable. HIN'T: to convert m/s into km/s,
multiply your answer by 3.6.

Explain if this is an example of interpolation
or extrapolation.

Speed of a car

T T T T
2 4 6 8 10 12
Time (seconds)

Figure 9 The graph for the speed of a car over time
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Lesson 1.8
Scientists keep a logbook

Key ideas

— Alogbook is used by scientists in the laboratory and in the field to record the details @
and results gathered during experiments and research.

Learning intentions

— Alogbook provides evidence of the planning, changes and results of an experiment. oo
and success criteria

A logbook is used to record essential data and
observations

There are many different types of science and even more types of science investigations.
Some investigations last a few minutes, while others can last many years.

An example of a long investigation is an ecologist recording how the population numbers
of dolphins in Port Phillip Bay change over a decade (i.e. 10 years).

All investigations rely on the scientists collecting and recording data and observations

in an electronic or physical logbook. L.ogbooks contain all of the information that will logbook a detailed
recording of

. . . . observations and
results of an experiment with other scientists). data from a scientific

investigation

eventually be used to write a formal report (i.e. a written report used to communicate the

Figure 1 Logbooks contain important data and observations from experiments conducted in the laboratory or in
the field.
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Marshmallow slingshots ——

| February 2026 '—,

Aim
To determine the relationship between the distance the elastic is pulled back
and the distance a marshmallow moves after it is released.

Prediction
If the rubber bands are pulled back twice as much, then the marshmallow will

move twice as far.

Method
Refer to page 169 of Oxford Science 8. Please note: instead of rubber bands,

| em wide elastic was tied around the base of the chairs for Experiment 1.S.

Measurements
Distance marshmallow has moved

Distance elastic pulled back | Attempt | Attempt 2 Attempt 3 | Average

| em 20 cm 3 mm 23.4 ¢ 19.9 ecm 211 em
2 cm

3 em

20.3
23.4

+19.9 63.6+3=21.2cm
63.6

Observations
The elastic came undone after the third attempt so we had to do it up again.

We tried to make it the same tightness as before.

Conclusion

When the elastic was pulled back, more elastic gained more energy. This energy
went into the marshmallow so that it could move further when released. We should
have tested with the elastic pulled back-more different distances.

Next time the same person should do the pulling back.

2AUALVAARADADAUUAD

Include a conclusion

or reflection for each
experiment to make sure
you understood what
happened and why.

You may need to write up
a formal report for your
experiment. If you have
completed your logbook
well, you will find all

the details of the report
easily available.

Glue or staple in any
photocopies to prevent
them falling out.

Figure 2 A sample logbook entry
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Title of the experiment

The date on which the

experiment was conducted

Aim and prediction for
the experiment

The method used or
the page number of the
method. Record any
changes to the method.

Record any
measurements you made
to the maximum number
of digits provided by the
equipment. (You can
round them off later. If
you don’t record them
then you cannot get them
back later.)

Show all calculations
(even when adding
simple numbers).

Include any ideas,
explanations, diagrams,
graphs, sketches or
mistakes that happened.
Write everything

down even if it seems
unimportant. You may
not remember it weeks
or even months later.

Do not rewrite any
entries. Try to keep it as
neat as you can but it is
not a formal report. It

is more important that
you record your data
and observations. If you
make a mistake, put a
single line through it. Do
not white it out, as it may
be useful again later.
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Creating a logbook

There are some basic rules for creating and using a logbook.

1 Use a bound notebook (Figure 1) or an electronic device that is backed up regularly.
Loose papers become lost, and electronic devices can fail. Whether you’re using a physical
or electronic logbook, ensure that the way you record and store data in your logbook is safe
and reliable.

2 Logbooks can be lost, so label your logbook with your name, email address, school and
teacher’s name. Labelling the logbook with your contact details (and those of your school
and teacher) ensures that it will find its way back to you.

3 The second page of the logbook should contain a table of contents (Table 1). Each page
should be numbered to help you find the relevant experiments.

Always date every entry.
5 Each page should contain the title of the experiment.

Figure 2 shows a sample logbook entry.

Table 1 A table of contents should be included at the start of your logbook.

Unit/subject Experiment title Page number
Chemistry Rates of reactions 2
Biology Peripheral vision 5
Physics Newton’s first law 10

Check your learning 1.8

Check your learning 1.8

Retrieve 5 Infer one reason why it is important to include
1 State the purpose of an experimental logbook. the date of the experiment in the logbook.
6 Infer why you should reflect on each experiment

before starting the next experiment.

2 A student made a mistake on a page then ripped
that page out of their logbook. Recall why this
would be the wrong thing to do. Apply

Comprehend 7 Use the following logbook entry (Figure 3) to

3 Explain why an electronic logbook should be answer the following questions.

backed up regularly. a Evaluate the logbook entry and identify
which pieces of information are missing.

Analyse . . . Lo

b Discuss why each piece of information is

4 Infer why itis important to make sure the necessary for a complete and accurate record

writing in your logbook is legible (able to be of the investigation.

read). 4
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<

Effect of light intensity on the rate of photosynthesis. AL IS

Aim
To determine how different light intensities affect the rate of photosynthesis
in_agquatic plants.
Materials
* Aquatic plants (Elodea)
* Beakers
* Water
* Light source (lamp)
* Light meter
* Stopwatch

Method
I. Place the aguatic plant in a beaker filled with water.
2. Position the light source at a fixed distance from the beaker.
3. Measure the light intensity using the light meter.
4. Record the number of oxygen bubbles produced by the plant in S minutes.
S. Repeat the experiment with different light intensities.

Results
* Light intensity: 100 lux, Oxygen bubbles: S
o Light intensity: 200 lux, Oxygen bubbles: 10
o Light intensity: 300 lux, Oxygen bubbles: 1S

Conclusion

The rate of photosynthesis increases with light intensity.

Yy y Yy e )

Figure 3 Logbook entry
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Lesson 1.9
Scientists analyse trends in data

Key ideas

— Describing trends in graphs will help determine the relationship between variables.
— Measures of centre can be used to analyse a data set.

— To determine the validity and reliability of data, the investigation must have measured
the intended variable and the data must be consistent across trials.

— A conclusion must be included, identifying whether the hypothesis was supported or @
refuted using evidence.

Learning intentions

— Sources of uncertainty should be considered. e
and success criteria

Describing relationships between variables

In science, we often look for relationships between different variables. For example, if you’re
measuring how the height of a plant changes with the amount of sunlight it gets, the amount
of sunlight is the independent variable, and the plant’s height is the dependent variable. In
this case, you are looking for a relationship between the amount of sunlight and the growth of
the plant. Sometimes the relationship might be clear, like when more sunlight leads to taller
plants. At other times, the relationship might be more complex or less obvious, and you will
need to collect more data or look for other factors that could be influencing the result.

Analysing numerical data

There are many different ways to use mathematics to represent data. The measures of centre
of a dataset can be found in a number of ways (outlined in Table 1). Worked example 1.9A
shows how to find the measures of centre of a data set.

Table 1 Ways to determine the measures of centre for a data set

Measure Description

Mean * The expected or average value of a data set mean the average
e Itis calculated by the formula: of a data set

sum of all values

mean =
number of values
Median ¢ The middle value of the data median the
» Itis calculated by placing all the values in order from lowest to highest and then middle value for
selecting the value in the middle. data arranged from
smallest to largest
Mode * The most common value in the set of data

mode the value that
appears the mostin
a data set

e Itis calculated by tallying how many times each number appears. The number that
appears most often is the mode.
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Worked example 1.9A Calculating mean, median and mode

A car travelled 100 m in the following times:

278 seconds, 167 seconds, 180 seconds, 208 seconds, 3 minutes

Calculate the:
1 mean
2 median

3 mode.

Solution
1 Mean: To calculate the mean, all values must be
in the same unit (seconds).
The data should therefore be: 278 seconds,
167 seconds, 180 seconds, 208 seconds,
180 seconds.

sum of all values
mean =

number of values

_ 278 +167+ 180 + 208 + 180
5

1,013
5

= 202.6 seconds

Interpreting graphs

As all values have three significant figures, the
answer should also have three significant figures.
202.6 seconds should be rounded up to

203 seconds.

Therefore, the mean is 203 seconds.

Median: To calculate the median, all the values
must be placed in increasing order.

167 seconds, 180 seconds, 180 seconds,
208 seconds, 278 seconds

The median value is the middle number, which is
180 seconds.

Mode: The mode is the most common number in
the data set.

The mode value is 180 seconds.

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

Temperature and germination of

Vertical axis (y-axis) wattle seeds Grid
1 \%
2 \\
< 10
) ~
v 9 N
E \
s 8
g N\
S 7
i
g N
é 6 \\
o 5
C] \x
4
10 20 30 40 50
Temperature (°C)
Horizontal axis (x-axis)

Figure 1 A line graph of germination time of wattle seeds versus temperature
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When the line is horizontal, it means the dependent variable is not affected by the
independent variable (Figure 2).

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

Occasionally a graph is curved. These types of graphs should be divided into sections.
Section A (between 1 and 4 of Figure 4) shows a directly proportional relationship. Section B
(between 4 and 7 of Figure 4) shows an inversely proportional relationship.

0123456 738

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

Figure 3 An inversely
proportional relationship

Figure 4 A curved graph is divided
into sections that show different
relationships.

Describing patterns and trends in data

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

For example, if you’re looking at how the temperature changes throughout the day, you
might notice a pattern where the temperature rises in the morning and falls in the evening.
A trend might be that the temperature

Sample data from 1 week in

generally increases over a week during the summer — max and min temperature

summer (Figure 5). 354
Recognising patterns and trends helps £ 397 ./././‘\/‘/.
. . 251
us understand how things are changing and % ._./._.\.//./0
. . £ 20
predict what might happen next. However, g 15
., . . . . o o7
it’s also important to look for inconsistencies E 1o
in the data — these are points that don’t =
fit the general pattern. For instance, if 0

Mon Tue Wed Thur Fri Sat Sun

the temperature suddenly drops during Day of the week

the afternoon when the trend suggests it —e— MinTemp (°C) —e—Max Temp (°C)
should continue rising, that could be an
inconsistency (or an outlier) that needs

further investigation.

Figure 5 The minimum and maximum temperatures
for 1 week in summer

Assessing the validity and reliability of first-hand data

To assess the validity of data, you must consider whether the experiment accurately measures
the intended variable and whether external factors were controlled. To assess the reliability of
data, check if the data is consistent across multiple trials and if the methods used are precise
and repeatable.
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inversely
proportional
relationship when
one quantity
decreases the other
quantity increases,
or vice versa

pattern arepeated
sequence or
arrangement of
numbers or data
points

trend represents
the overall direction
of the data points
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outlier adata
point that differs
significantly from the
main group of data
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Examples of valid and invalid data

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

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

Examples of reliable and unreliable data

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

¢ Unreliable data example: If the same reaction speed experiment is conducted but the
measurements vary widely each time due to inconsistent timing methods or fluctuating
temperatures, the data would be unreliable. This inconsistency makes it difficult to draw
accurate conclusions.

Outliers

Occasionally the data that scientists collect contains a value that is far away from the main
group of data. These values are called outliers and may be due to inaccurate measurements
or experimental errors. An outlier is a value that is outside the normal range of all other
results. For example, an outlier may be observed in the data when measuring the height of
seedlings after 3 weeks of growth (Table 2).

From the table, it is clear to see that seedling 5 is the outlier as it is outside the normal
range when compared to the other results. The mean height of all the seedlings is 3.4 cm.
If seedling 5 was excluded, the mean height would be 3.9 cm. This shows how one outlier
can affect the results. In this case, the outlier has decreased the mean and so it is not
representative of the growth of the seedlings.

Table 2 An outlier can affect the measures of centre. In this case, the mean is lower if seedling 5, the outlier, is
included in the calculation.

Seedling number Height (cm)
1 3.6
4.0

4.1

2
3
4 4.0
5 0.1
6 3.5
7 4.3

Sources of uncertainty

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

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

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

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

Drawing conclusions

After completing an investigation, you should draw a conclusion that aligns with the conclusion a
data and observations collected, ensuring the conclusion is based on accurate and reliable statement that
evidence. Here you will explain whether your hypothesis was supported or refuted (using aannzxwpegrsin:ﬁtalm of
data to support your findings) as well as highlighting the significance of the results.

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

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

Check your learning 1.9

Check your learning 1.9

Retrieve ¢ 2pm: 30°C
1 Define the following terms in the context d 5pm:22°C
of data: e 7 pm: 18°C
a pattern Describe the trend you notice in the
b trend. temperature data. Identify any inconsistencies,

and explain what could cause them.
Comprehend . . .
6 Below is data from an experiment measuring the

growth of plants in two different soil types:
— Soil A: Plant 1: 15 cm, Plant 2: 14 cm, Plant 3:

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

3 Explain what reliable data is.

16 cm
4 Describe what it means if data is valid. — Soil B: Plant 1: 10 cm, Plant 2: 12 ¢cm, Plant 3:
Analyse 11 cm

5 Look at the following set of data showing the a Describe the relationship between soil type

temperature at different times during the day: and plant growth based on this data.

a 8am: 20°C b Explain if the data is reliable and justify your
b 12 pm: 25°C reasoning. >
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47 Use the following data from an investigation Apply
about how different temperatures affected the 8 Describe the relationship between the
activity of an enzyme to answer the following independent variable and dependent variable in
questions. Figure 6.

a Create a graph for Table 3.

b Examine the graph to identify any potential Plant growth

outliers. Explain why these data points might

—_
(=)
1

be considered outliers.
¢ Interpret the overall trend of the graph. How
does temperature affect enzyme activity?

Height of plant (mm)
w
L

4
3 /
d Discuss the possible reasons for the decrease f ]

. . . . o
in enzyme activity at higher temperatures. P D
Day measured
—e— Dirt plant —e— Jelly plant

Table 3 How different temperatures affected the activity of

an enzyme Figure 6 Height of plant versus day measured
o . . .
Temperature (°C) SRR el s L 9 For the following scenarios, identify sources of
10 2 uncertainty.
20 5 a Students are measuring the speed of a toy car
30 8 as it travels down a ramp.
b Students are testing the strength of bridges

4 12 . . .

0 made from different materials and designs.
50 15 ¢ Students are measuring their reaction times to
60 14 a visual stimulus using a stopwatch.
70 9
80 3

Lesson 1.10
Scientists evaluate conclusions

Key ideas
— To solve a problem, there are different approaches that can be used.
— Bias can affect all aspects of a scientific investigation and can skew the outcome.

— Do not take information from secondary sources as true until you check who wrote it,
where it has been published and if it's current.

— Possible alternative explanations for the observed results should be considered.

@ — The quality of the data can be improved by repeating trials, having your work peer
reviewed, using calibrated digital equipment, analysing sources of error, evaluating the
Learning intentions data and improving data recording.

and success criteria
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Take a step back and evaluate

/
Stage 4 of the scientific method involves evaluating
the conclusion from the data and findings generated
during a scientific inquiry (Figure 1). Scientists do STAGE 4

this by' Evaluating
evaluating how the problem was solved

evaluating the validity of information

suggesting alternative explanations.

Figure 1 Stage 4 of the scientific
method is Evaluating.

Approaches used to solve problems

There are various approaches that can be used to solve different problems. Here you need
to compare different methods and determine which is most effective based on evidence and
scientific principles, while understanding the strengths and limitations of each approach.

These approaches include:
laboratory experiments

field work

modelling and simulations
comparative analysis

writing a pros and cons list
conducting a SWOT analysis
creating cause-and-effect diagrams.

The strengths and limitations of each approach can be seen in Table 1.

Table 1 A summary of the strengths and limitations of the approaches used to solve problems

Approach Strength

Easy to isolate variables and control
the conditions; can produce precise,
repeatable results

Laboratory experiments

Field work Provides real-world data and makes .
results more applicable to actual
situations .
Modelling and Useful for predicting outcomes, testing .
simulations complex scenarios and analysing patterns

without the need for experiments

Comparative analysis Evidence-based decision-making that
identifies similarities, differences and

trends in data or case studies

Pros and cons list Simple to use and organises thoughts to
evaluate options to make an informed

decision

SWOT analysis (Figure 2) = Identifies strengths, weaknesses,

opportunities and threats

Cause-and-effect diagram
(Figure 3)

Maps out underlying causes of problems
and explores potential solutions

Oxford University Press
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Limitation

Lack real-world context as conditions in
the laboratory are not mimicked in natural
environments

Can be expensive and time-consuming

Cannot control conditions that can introduce
variability and challenges in isolating factors

Can be resource intensive and time consuming

Relies on the accuracy of the model and the
data used

Requires high-quality, reliable data

May rely too much on subjective judgement
rather than objective evidence
May oversimplify complex problems

May not deeply analyse causes of weaknesses
or threats

How factors are categorised can be subjective

Can be time consuming to create
May oversimplify interconnected issues

51
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7

y o B
Weakness

Habitat Bushfires

Lack of trees

Figure 2 A SWOT analysis grid

bias discrimination
against ideas,
against people orin
the collection and
interpretation of
information

confirmation
bias whena
scientist selects a
method that will
support the outcome
they want

sampling bias

a bias where a group
of test subjects do
not represent the
larger sample group
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Declining
B loala
population

Thyeal

Loss of food

Figure 3 A cause-and-effect diagram

Validity of primary and secondary sources

When analysing the validity of information from primary and secondary sources, it is
important to critically evaluate several key aspects to determine its credibility and reliability.

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.

Bias

If a person is biased, it means they have already made a decision about a person or outcome.
In science, bias can cause an observer to only notice the information that they expect

to occur and to avoid or refuse to acknowledge data that is unexpected. Because biased
observations only tell one side of a story, it can sometimes cause inaccurate data and leave

a false impression. There are many ways bias can affect a scientific investigation.

Confirmation bias

When a researcher has a hypothesis that they are certain is correct, they may shape their
investigation so that the data supports the hypothesis. This is known as confirmation bias;
it involves favouring information that “confirms” a hypothesis.

Sampling bias

Sampling bias occurs when an experiment tests a small group of subjects (either people or
objects) that do not represent the larger group (Figure 4). This has been seen most recently
during pre-election surveys where people are asked who they will vote for via landline phone
surveys in city regions. These surveys often miss people who are not home during the day

or who do not have a landline phone because they only use their mobile phone. This means
the predictions of who will win an election may be biased because the sample only represents
people who own landline phones.

Channelling bias

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

Oxford University Press
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Population

Sample

Figure 4 Sampling bias exists when the population of the sample doesn’t reflect the actual population.

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

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

A placebo is a substance or treatment that is designed to have no effect, for example,

a sugar pill. Some people can be so convinced that the treatment will work that a placebo
will make them feel better. In one experiment, a group of patients with osteoarthritis of the
knee underwent a placebo operation instead of receiving the real procedure. These patients
reported feeling less pain as a result of the fake procedure. When participants do not know if
they are receiving the real treatment or a placebo, it is called a randomised blind study.

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

Who is the author?

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

Why was the article written?

Some big headlines are written by companies that want 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 may write
an article or claim that quotes scientific data that make their product look the best, and often
ignore data that disagree with their claim. Always consider why the article was written and if
it is biased to a particular view.

Oxford University Press
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randomised when
people or objects are
selected at random

placebo a
substance or
treatment that is
designed to have
no effect

blind study when
the participants

do not know if

they are receiving
the treatmentor a
placebo

double-blind
study when neither
the participants

nor the treating
doctors know if

they are receiving
the treatment or

a placebo
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Is it current?

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.

Figure 5 (A) 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.

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.

Alternative explanations

Considering alternative explanations involves exploring other factors that could potentially
explain the observed results. This helps to ensure that the conclusions drawn are not biased.
For example, if an investigation looked at the effects of air pollution on respiratory
health, you should also consider other factors that could influence respiratory health, such
as allergens, weather conditions and lifestyle factors. These alternative explanations help in
understanding that air pollution is not the sole factor affecting respiratory health.

Improving the quality of data

The quality of the data collected from investigations or fieldwork has an impact on the

conclusions that can be drawn. To improve the quality of the data, a number of things can be

done, including:

¢ Repeating trials — Completing multiple trials for an investigation ensures results are
accurate and precise. Only completing one trial means you would not be able to identify
any errors if they occurred.
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* Using digital equipment — Digital equipment such as temperature probes and motion

sensors, reduce measurement errors and produce more accurate results, as long as they are
calibrated and maintained (Figure 6).

* Aanlysing sources of error — Identifying systematic and random errors will help refine
your method so these errors can be reduced.

e Peer review — Have a peer review your data and method for any inaccuracies or
inconsistencies.

e Evaluation — Critically analyse your data for any patterns, outliers and inconsistencies.

e Improving data recording - All data and observations should be immediately recorded

to avoid errors due to memory or miscommunication. The way the data recorded is also
important, such as using a table, so it is clear what has been collected and when.

Figure 6 (A) Temperature data collected from a data logger will be more accurate than taking a reading from
(B) an analogue thermometer, due to errors that will occur when trying to read the markings.

Check your learning 1.10

Check your learning 1.10

Retrieve Comprehend

1 Explain how bias can affect an outcome. 5 Describe how not calibrating scales at the start

2 Identify three ways the quality of data could be of an experiment could affect the results of the
improved. experiment.

3 Identify three things to look for when evaluating 6 For each scenario, determine what approach
the validity of primary and secondary resources. would be best to solve the problems.

4 Describe why there are various approaches used a You are investigating the effect of different
to solve problems. fertilisers on plant growth. >
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4 b You are studying the biodiversity of a local
wetland.
¢ You are comparing the health outcomes of
two different diets.
d Your school is planning to implement a new
recycling program.
7 Recall two places where you would find reliable
research. Explain why these sources are reliable.

8 Explain how data can be used to draw evidence-

based conclusions.

Analyse

9 Contrast what is meant by the terms “current”
and “recent” in scientific publishing.

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

11 Below is data from an experiment measuring the
growth of plants in two different soil types:

— Soil A: Plant 1: 15 cm, Plant 2: 14 cm,

Plant 3: 16 cm
— Soil B: Plant 1: 10 cm, Plant 2: 12 cm,

Plant 3: 11 cm

Scientists concluded that: “Plants grown in
Soil A exhibit greater growth compared to those
grown in Soil B. The average height of plants
in Soil A is 15 cm, while the average height of
plants in Soil B is 11 cm. This suggests that Soil
A may have more favourable conditions for plant
growth, such as better nutrient content or soil
structure.”

Given the information provided, write an
alternative conclusion that uses the data provided
and considers other possible factors influencing
plant growth.

Apply

12 A scientist tested how the amount of light in a
glasshouse affected the growth of wheat plants.
When they analysed their results, they stated
that their findings could not be applied to plants

growing outside the glasshouse. Discuss why the

scientist put a limit on how the findings of their
investigation could be applied.
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13 Identify which of the following doctors 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).

— A person with a PhD in English literature

— Veterinarian

— Epidemiologist

14 You are part of a research team investigating

the impact of urban development on local water

quality. Your team needs to determine the best

approach to study this issue and how to present
your findings.

a Create a method for conducting a laboratory
experiment to test water samples from various
locations within the urban area. Include steps
for sample collection, testing procedures and
data recording.

b Discuss the advantages and disadvantages
of using field work to collect water samples
directly from different sites within the urban
area. Consider factors such as accessibility,
environmental conditions and data accuracy.

c Evaluate the effectiveness of using computer
modelling and simulations to predict future
changes in water quality based on current
urban development trends. What are the
strengths and limitations of this approach?

d Justify your choice of using comparative
analysis to study the differences in water
quality between urban and rural areas.
Explain why this method is suitable for your
research and how it can help identify key
trends.

e Predict the potential outcomes of
implementing a new urban development
policy aimed at improving water quality. Use
a SWO'T analysis to identify the strengths,
weaknesses, opportunities and threats
associated with this policy.

15 Create a fishbone diagram to identify and

organise the possible causes of water pollution in
the urban area. Include categories such as human
activities, industrial processes and natural factors.
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Lesson 1.11
Scientists communicate their
findings

Key ideas

— The results and findings of a scientific investigation are communicated using a scientific
report or scientific poster.

— When presenting a scientific argument, you must provide evidence to support your
argument, using correct scientific language and terminology.

— A scientific report should include all common sections and headings to clearly
communicate the purpose, hypothesis, method and results and the data analysis that

supports the conclusion. @

— A scientific poster is similar to a report, except it is more concise due to space
Learning intentions

limitations. o
and success criteria

Communication is key

Stage 5 of the scientific method is communicating the
data and findings generated during a scientific inquiry
(Figure 1). This includes asking another scientist to check

if they are correct. This process of peer review means peer review
STAGE 5 a process in which

Communicating experts evaluate the

findings of a report

before it is published

the second scientist:

e evaluates the methods to identify assumptions, errors
and improvements

e evaluates the results to identify outliers and anomalies

e evaluates the patterns or trends that were identified.

Figure 1 Stage 5 of the scientific

| nt ro d u Ctl on method is Communicating.

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

How to present a scientific argument

To present an effective scientific argument, you must use evidence to support your argument,
correct scientific language and terminology. However, this will depend on your audience and
the purpose of your investigation. This will ensure that your argument will be relevant and
can be understood by others in the specific community you’re addressing.
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Evidence

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

Scientific language and terminology

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

When communicating with non-specialist audiences, explain technical terms when

necessary and avoid complex scientific terminology.

Writing scientifically

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

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

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

The descriptive sentence tells us all what was happening, but it does not give a scientific
explanation for the behaviour of the flower. The scientific description offers a summary
of what was done to the flower and why the flower reacted. It is important that you are
concise when writing scientifically and that you do not include information irrelevant to
the research.

Writing a scientific report

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

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

Section Description
Title « A statement that includes the independent variable and the dependent
variable.
Abstract * DPresented on its own page at the start of a report.

e Offers a brief summary (no more than 250 words) about the aim, results
and conclusion of an experiment. (HINT: You can read this to determine if
research is relevant to your topic.)

Introduction ¢ A summary of any previous experiments that you have completed.
* A description of the key concepts being examined and how they are related to
your hypothesis.
Aim * A statement of what you are trying to achieve in the experiment.
Hypothesis * A prediction of how the independent variable will affect the dependent variable

and the reason that supports the outcome.

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

Method * A list of the materials, containing the concentrations and brands, should be
included in the method.

* The method should contain step-by-step instructions or a brief description (in
past tense) that would enable someone to repeat the experiment.

« Safety advice or a risk assessment should be included.
* Relevant labelled diagrams should be included where necessary.

Results ¢ The data should be presented in a table, graph or diagram.

e A written summary of the results (stating facts without conclusions) should
also be included.

Discussion * This section should analyse the results by:
— describing the relevant science concepts that occurred in the results
— drawing conclusions from the results
— comparing the conclusions to the hypothesis
— describing how the results could apply in the real world.

Conclusion * The conclusion should answer the aim of the experiment by:
— comparing the conclusions to the aim

— describing the limitations of the experiment (by describing situations where
these results would not apply)

— describing another investigation that could be conducted to confirm or
extend the conclusions.

References * Any sources that you used to research the scientific concepts or definitions
should be included here.

¢ There are different ways to write a reference. Check which style is preferred by
your school.

¢ Most scientific communications use APA Style (American Psychological
Association Style). For example: Silvester, H. (2023). Oxford Science 10
Australian Curriculum (2nd ed.). Oxford University Press.
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When writing reports, scientists also avoid using the first person (“I”, “we”, “me”, “you”,

unbiased impartial
and free from
preconceived ideas

objective
uninfluenced by
personal opinions
and interests

“us”, etc.). All science should be unbiased and objective.

Scientific reports and papers are written in the third person so that it is clear that
the communication is objective, rather than being based on the opinions or beliefs of

individuals.

Scientists usually use past tense when they write a report because they are describing

something they have already completed. If results were described in present tense (the now)

or future tense (the later on), then the reader or listener would not be sure if the experiment

was finished.

Some examples showing the differences between scientific language and common

language are given in Table 2.

Table 2 Examples showing differences between scientific language and common language

Scientific language
The equipment was set up.
The mass of the beaker was measured.

The beakers were heated to 50 degrees Celsius.
(Past tense)

The two trolleys were pulled apart. (Past tense)

The metal was malleable.

At 6:15 am a single magpie sitting on a
protruding tree branch called loudly for
30 seconds.

The mass of the sodium bicarbonate was
identified as a possible random error.

Creating a scientific poster

Common language
I set up the equipment.
We weighed the beaker on the scales.

Heat the beakers to 50 degrees Celsius. (Present
or future instruction)

Pull the two trolleys apart. (Present or future
instruction)

The metal could be bent into any shape.

I think it was a magpie that sang the warbling
song that woke me up in the morning.

We could have improved the experiment if we
were more organised and measured the amount
of bicarb properly.

Another way to communicate your findings is to create a scientific poster (Figure 2). It

contains all the components you would find in a scientific report but is a concise summary of
an investigation, communicating the research process, findings and conclusion in an effective
manner. Your teacher should be able to provide you with a digital or paper copy of a scientific
poster template for you to work with.
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The boiling point of water
Student name:

This investigation explores the effect of varying

e . * 4x 250 mL beakers  Stopwatch
amounts of salt on the boiling point of water. . X
. o - . * Distilled water * Electronic balance
By comparing the boiling points of plain water and .
. X . . . * 100 mL measuring * Spatula
salt solutions with different concentrations, we aim .
. o . cylinder » Gauze mat
to understand how salt influences the boiling point. .
. . R . * Bunsen burner «Tripod
Our findings indicate that increasing salt
* Thermometer * Salt

concentration raises the boiling point of water.

The boiling point of water is a fundamental physical 1. 100 mL of distilled water was measured into a measuring
property that can be altered by the presence of cylinder and poured it into a beaker.

impurities. Understanding how salt affects the 2.The Bunsen burner, gauze mat and tripod were set up.
boiling point is essential for applications in cooking, 3.The thermometer was placed in the water and the initial
chemistry and industrial processes. This study temperature recorded.

focuses on the impact of different salt 4. The beaker was placed on the tripod, the Bunsen burner
concentrations on the boiling point of water, using lighted and the stopwatch started.

plain water as the control. 5. Once the water started boiling, the temperature and time

taken was recorded.

6. A clean beaker was placed on the electronic balance and 1 g
_ of salt added. In the remaining two beakers, 5 g and 10 g of

salt were added respectively.

To determine if the concentration of salt affects 7. 109 mlL of distilled water was added .to the measuring
the boiling point of water cylinder and added to each beaker with salt.
8. Each salt solution was tested by placing it on the tripod,

recording the initial temperature and lighting
9. Once the water was boiling, the solutions
temperature was recorded and

If the concentration of salt in the water increases, i e eilem

then the boiling point will increase because more ﬁ ‘1
energy is required to reach the boiling point due to [ i
the salt ions. Figure 1: Equipment setup |

The investigation confirms that the presence of salt significantly
affects the boiling point of water, supporting the hypothesis.
. i . Higher salt concentrations lead to an increase in the boiling point
Boiling points of solutions and affect the time taken to reach it.
106 . . .
104 Some other alternative explanations for the results include other
102 impurities in the water and uneven heat distribution from the

1004 Bunsen burner, affecting the boiling point readings.
an
96

Distilled 1% salt 5% salt 10% salt
water solution  solution  solution References

Solution

Temperature (°C)

Silvester, H. (2023). Oxford Science 10 Australian Curriculum
(2nd ed.). Oxford University Press

Figure 2 A sample scientific poster
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Check your learning 1.11

Check your learning 1.11

Retrieve

1 Identify what should be included in the
discussion section of a scientific report.

2 Outline the correct order for the following items
in a scientific report.
a Discussion

Method

Results

Abstract

Introduction

Conclusion

Aim

3 Explain the difference between a scientific
report and scientific poster.

Q| = 0o o 6o o

Comprehend

4 Explain why a conclusion is written at the end of

an experiment or investigation.

5 Explain why personal pronouns are not used in
scientific reports.

6 Explain why it is important that scientists
prepare scientific reports.

7 Explain why using a common format for
all scientific reports might make it easier for
scientists to communicate with one another.

8 Rewrite the following statements using scientific
communication.

a I measured the speed of a skateboard.

b The acid made lots of bubbles appear on the
side of the metal.

¢ When I put my hand in the water, it felt very
cold. I think it was 15 degrees.
Analyse

9 Compare the information that is written in the
results and discussion sections.
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10 You are investigating the impact of different

types of water filtration systems on the removal

of contaminants from urban water sources. You

have collected data on the effectiveness of three

different filtration systems: System A, System B

and System C.

Data:
¢ System A: Removes 85% of contaminants,

costs $200, lasts 2 years.

¢ System B: Removes 90% of contaminants,
costs $300, lasts 3 years.

¢ System C: Removes 80% of contaminants,
costs $150, lasts 1 year.

Analyse the data provided to communicate
scientific ideas and information for the purpose
of recommending the best water filtration
system for urban use. Construct evidence-
based arguments and use appropriate scientific
language, conventions and representations to
answer the following questions:

a Classify the filtration systems based on their
effectiveness, cost and lifespan.

b Compare and contrast the advantages and
disadvantages of each filtration system.

¢ Distinguish between the short-term and
long-term benefits of each system.

d Interpret the data to determine which system
offers the best balance of cost-effectiveness
and contaminant removal.

e Calculate the annual cost of each filtration
system and use this information to support
your recommendation.

Apply

11 You are part of a team tasked with investigating

the spread of a new infectious disease in your
local urban area. The following data has been
collected (Table 3).
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Table 3 Data collected from the spread of a new infectious disease

Infection rates Age distribution of cases Hospitalisation rates Recovery rates

Week 1: 50 cases
Week 2: 120 cases

0-10 years: 30 cases
11-20 years: 70 cases

Week 1: 10%
Week 2: 15%

Week 1: 30%
Week 2: 40%

Week 3: 200 cases
Week 4: 350 cases

21-30 years: 100 cases
31-40 years: 150 cases
41-50 years: 200 cases
51+ years: 170 cases

Present a scientific argument, providing a
clear and concise summary to the city council
of your findings. Use appropriate scientific
language and conventions, including evidence-
based arguments and visual aids such as graphs,
charts and diagrams to convince the council of

Week 3: 20%
Week 4: 25%

Week 3: 50%
Week 4: 60%

the potential impact of your proposed
measures on public health and the community
the feasibility of your proposed measures,
taking into account factors such as cost,
resources and community acceptance

the long-term outcomes of implementing your

the importance of your solution. Some things to proposed measures

consider include: » use of scientific language and conventions

e your proposed measures to control the spread
of the infectious disease

to explain how your proposed measures will
reduce the spread of the disease over time.

Lesson 1.12
Command terms identify the tasks
In a question

Key ideas

— Command terms are instructive words that require specific types of mental processes

to perform set tasks. @

— Command terms can be grouped into categories based on the level of cognition
required to perform the task. Learning intentions

and success criteria

Command terms

command term
a “doing word” that
requires you to
perform a specific
thinking task

Command terms are instructive words that require specific types of mental processing

or “cognition” to perform set tasks. For example, the word “explain” is a command term
because it requires you to first recall what you understand about something and then reframe
that understanding into clearer succinct terms. Command terms are often used in questions,
which means you will encounter a variety of different command terms in school as you learn

cognition mental
processes that are
involved in acquiring,
storing, manipulating
and retrieving
information

new information and undertake assessments.
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Familiarising yourself with different
command terms and the tasks and thinking
processes behind them can help you
determine how to best respond to a question.
An understanding of command terms can
be the difference between achieving partial
or full marks on an important exam or
assessment question (Figure 1).

Some command terms require multiple
or more complex cognitive processes than
others. For example, if you were asked
to name the two fruits in Figure 2, you
may instantly recall “apple” and “orange”.

However, if you were asked to compare the
Figure 1 Familiarising yourself with different

” ] ) command terms can help you answer questions and
the two fruits and identify at least one improve your learning.

similarity and one difference between them.

two fruits, you would also need to consider

In this sense, “compare” involves more

cognitive processes than “name”.

Table 1 lists common command terms
and their associated tasks. It also shows four
categories of thinking processes that can
be used to group command terms: retrieve,
comprehend, analyse and apply.

“Retrieve” questions come before
“apply” questions. This is because retrieve Figure 2 Two healthy fruits
questions ask you to perform a simpler
cognitive task — remembering — than apply questions. An apply question requires you not
only to recall information but also to interpret that information and determine how it can
be used in a specific situation. Performing questions in order of simpler cognitive processes
to more complex cognitive processes can support the way you acquire and understand new
information.

Table 1 Common command terms and their tasks

Command term Task Category

Define give the meaning of a word Retrieve — Recall
information from

Identify recognise and state a distinguishing factor or feature permanent memory.
Name provide the correct term or noun
Recall present remembered ideas, facts or experiences
Use operate or put into effect
Select pick out
Describe give an account of a situation, event, pattern or process, Comprehend —
or of the characteristics or features of something Activate and transfer
) . ) ) . . knowledge from your
Explain make an idea or situation plain or clear by describing

permanent memory to

it in more detail or revealing relevant facts your working memory.

Summarise give a brief statement of a general theme or major
point/s; present ideas and information in fewer words
and in sequence
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Command term Task Category
Calculate determine or find (e.g. a number, answer) by using Analyse — Use your
mathematical processes reasoning to go beyond
) . ) ) what was directly
Categorise place in or assign to a particular class or group taught
Classify arrange, distribute or order in classes or categories
according to shared qualities or characteristics
Compare display recognition of similarities and differences and
recognise the significance of these similarities and
differences
Contrast give an account of the differences between two or
more items or situations
Distinguish recognise as distinct or different; note points of
difference between
Interpret use knowledge and understanding to recognise trends
and draw conclusions from given information
Create reorganise or put elements together into a new Apply — Use your
pattern or structure knowledge in specific
. . . . . situations.
Discuss examine by argument; sift the considerations for and
against; talk or write about a topic
Evaluate examine and determine the merit, value or
significance of something
Elaborate investigate, inspect or scrutinise
Justify give reasons or evidence to support an answer,
response or conclusion
Predict give an expected result of an upcoming action or event

Check your learning 1.12

Check your learning 1.12

Retrieve

1 Define the term “command term”.

2 Identify the command term that requires

Analyse

Apply

you to “use knowledge and understanding to

recognise trends and draw conclusions from
given information” and identify the category
of thinking process this verb belongs to.

4 Compare the terms “categorise” and “classify”.

5 After conducting an experiment on how
temperature affects the plant growth of corn
and beet plants, a student was asked: “Identify

which plant would be more suitable to grow

Comprehend in a hot environment. Justify your answer”.

Their response was: “The corn would be more
suitable to grow in a hot environment”. Evaluate

3 Explain in your own words what is required to
correctly answer:
a a“discuss” question whether the student has correctly answered the

b a “calculate” question AL

c a “predict” question.
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Lesson 1.13

Review: Science toolkit

summary

Lesson 1.1 Scientists value the knowledge and skills
of Aboriginal and Torres Strait Islander Peoples

Aboriginal and Torres Strait Islander Peoples have
developed sophisticated science skills that enabled
them to survive and thrive some of the most
challenging environments in the world for tens of
thousands of years.

Indigenous science sees everything as connected —
the land, water, plants, animals and people are all
part of one big system that remains in balance.
The scientific knowledge and skills of Aboriginal
and Torres Strait Islander Peoples is now
recognised and valued by Western scientists.

Lesson 1.2 Scientists follow the scientific method

The scientific method is a framework that helps
scientists figure out how things work by asking
questions and testing ideas. It is an essential tool to
guide scientific inquiry and research that is valid
and reliable.

There are five stages to the scientific method.
Pseudoscience is a term used to describe theories,
beliefs or claims that seem scientific but aren’t
backed by any real evidence or results from
experiments.

Lesson 1.3 Scientists form hypotheses that can be
tested

There are variables that must be considered

when trying to answer a question and formulate a
hypothesis. This includes independent, dependent
and controlled variables.

A prediction is a specific statement about what
you expect to observe when you try to answer your
question.

A hypothesis is a proposed scientific explanation
for a question. It should try to explain why
something happens based on previous observations,
research or your reading on the topic. It is often
written as an “If... then...because...” statement.
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Lesson 1.4 Scientists plan and conduct
investigations

The type of data being collected will determine
what investigation method is used.

When planning and conducting an investigation, it
must be reproducible by others.

Ethics considers “Should we?”” when determining
whether an investigation should be carried out on
people, animals or the environment.

When conducting field work, scientists must seek
permission from the land owner or organisation to
access the land.

If research is being conducted at culturally significant
sites, appropriate protocol must be followed to access
the site, not damage any sacred objects, and limit
access to people who have permission to be there.
The results obtained from investigations must be
reliable, as this indicates the investigation method
is sound.

Lesson 1.5 Scientists always take safety precautions

When working in the laboratory, is important to
follow all safety rules to keep yourself and others safe.
All risks must be recognised and managed when
conducting investigations.

Safety data sheets are used to communicate
information about how to handle and store the
substance, as well as first aid information in the
event of an accident.

Pictograms are symbols used to communicate the
specific type of hazard the substance presents.

A risk assessment is created before beginning an
investigation. It helps identify risks and describes
how to prevent and mitigate them if they occur.
When working with chemicals, they must be safely
disposed and not poured down the sink, as they can
be toxic for the environment.

Lesson 1.6 Scientists use specialised equipment

When conducing investigations, select suitable
materials, equipment and technologies that will
provide accurate and precise results.
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In an investigation, multiple trials are conducted
to ensure the method is reliable and the data is
accurate and precise.

Errors in an investigation can affect the outcome,
so you must be aware of how systematic errors can
occur.

Lesson 1.7 Scientists use tables, graphs and models

to record and process data

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

Tables and graphs allow scientists to identify
patterns in their results.

Tables should have a heading, column headings
with units of measurement and data in each column.
Different graphs should be used depending on the
type of data (discrete or continuous) being displayed.
Keys help scientists interpret or identify information
in scientific diagrams, maps and data.

Models are representations that help explain scientific
concepts or can be used to test explanations.
Mathematical relationships show connections
between variables and pieces of data, and express
them as numbers or equations.

The data presented in some graphs can be
extrapolated or interpolated to make predictions.

If using data from secondary sources, you need to
check they are reliable sources.

Lesson 1.8 Scientists keep a logbook

A logbook is used by scientists in the laboratory and
in the field to record the details and results gathered
during experiments and research.

A logbook provides evidence of the planning,
changes and results of an experiment.

Lesson 1.9 Scientists analyse trends in data

Describing trends in graphs will help determine the
relationship between variables.

Measures of centre can be used to analyse a data set.
To determine the validity and reliability of data,

the investigation must have measured the intended
variable and the data must be consistent across trials.

Oxford University Press
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A conclusion must be included, identifying whether
the hypothesis was supported or refuted using
evidence.

Sources of uncertainty should be considered.
Lesson 1.10 Scientists evaluate conclusions

To solve a problem, there are different approaches
that can be used.

Bias can affect all aspects of a scientific
investigation and can skew the outcome.

Do not take information from secondary sources as
true until you check who wrote it, where it has been
published and if it’s current.

Possible alternative explanations for the observed
results should be considered.

The quality of the data can be improved by
repeating trials, having your work peer reviewed,
using calibrated digital equipment, analysing
sources of error, evaluating the data and improving
data recording.

Lesson 1.11 Scientists communicate their findings

The results and findings of a scientific investigation
are communicated using a scientific report or
scientific poster.

When presenting a scientific argument, you must
provide evidence to support your argument, using
correct scientific language and terminology.

A scientific report should include all common
sections and headings to clearly communicate the
purpose, hypothesis, method and results and the
data analysis that supports the conclusion.

A scientific poster is similar to a report, except it is
more concise due to space limitations.

Lesson 1.12 Command terms identify the tasks in a
question

Command terms are instructive words that require
specific types of mental processes to perform set
tasks.

Command terms can be grouped into categories
based on the level of cognition required to perform
the task.
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Review questions 1.13

Review questions: Module 1

Retrieve

1 Identify the most appropriate definition of
“independent variable”.
A The variable that is measured
B The variable that is controlled
C The variable that is deliberately changed by the
scientist
D The variable that is measured at the end of the
experiment
2 Identify which of the following statements is
correct.
A Correlation means causation.
B Data are described in the method section of
a scientific report.
C Data are analysed in the results section of a
scientific report.
D A safety data sheet should include the protective
equipment to be used for a chemical.
3 Identify which of the following scientists could
be trusted to make a claim on the growth rate of
plants.

A General practitioner in medicine (GP)
B Chiropractor

C Person with a masters of Botany

D Person with a PhD in epidemiology

4 Identify the main steps used when conducting an

experimental investigation by the scientific method.

5 Define the term “variable”.

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

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

8 Identify three types of information that should be
included on a safety data sheet.

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

a Time
b Mass
c¢ Length
10 Define the following terms.
a Valid
b Reproducible
¢ Accuracy

Comprehend

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

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

13 Explain why beakers are not used to measure
volumes.

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

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

16 Define and contrast independent, controlled and
dependent variables.

17 Contrast the four categories of command terms
and identify an example of a command term and
its task for each category.

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

19 Calculate the range of the following measured
lengths if two pieces of wood (5.2 = 0.1 cm and
2.3 £ 0.1 cm) were added together.

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

Apply

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

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

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

22 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. Describe how
the scientist might test a fabric for durability in a
valid way. Discuss why this is important.

Oxford University Press

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

23 A make-up manufacturer claims that their brand of
tinted lip gloss will stay on for at least 6 hours, even
during eating and drinking. Create an experiment
based on the scientific method to test this claim.
State your hypothesis, and then identify the
variables you will be considering. Describe the
measurements you will take and how you will
ensure that they are accurate.

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

b Evaluate the accuracy of the results that
you may measure and suggest what further
investigation you could undertake to improve the
reliability of your conclusions.

¢ Assuming you found that the manufacturer’s
claim was correct, create a scientifically
accurate slogan or advertisement for the lipstick
based on your findings.

Figure 3 What results would be expected for the hypothesis from
question 23?
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24 You are investigating the effect of different exercise a

routines on heart rate recovery times. You have

collected the following data on recovery times b

(in minutes) for two different exercise routines,
Routine A and Routine B.

Data: c

e Routine A: 5,6,7,8,5,6,7,8,5,50

* Routine B: 10, 12, 11, 13, 12, 11, 10, 12, 11, 13 d

a Calculate the mean (average) recovery time for
Routine A and Routine B.

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

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

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

Evaluate whether using the phrases/

pictures disadvantage the person viewing the
advertisement.

b Calculate the median recovery time for e Decide whether the phrases/pictures of
Routine A and Routine B. scientists should be allowed in advertising.
c Identify the mode (most frequent value) of Critical and creative thinking
recovery times in Routine A and Routine B. 26 One source of information for consumers is Choice
d Identify any outliers in the data for Routine A magazine. The magazine reports the results of
and Routine B. testing of a variety of brands of consumer products.
e Explain how these outliers affect the mean, a If a consumer scientist was reading a report on

median and mode.

f Discuss the implications of the outliers on the
overall analysis of heart rate recovery times for

different exercise routines. b

Social and ethical thinking

25 Two phrases commonly used in advertising are
“Scientists have proved ...” and “Recommended

the safety of children’s pyjamas, describe the
evidence they might look for to see if the report
was fair and objective.

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

by scientists”. These are often accompanied Research

by pictures of named scientists who are paid to 27 Choose one of the following topics for a research
appear in the advertisement. Discuss the ethical project. Some questions have been included to help
implications of using these phrases or pictures of you begin your research. Present your findings in a
scientists, by completing the following. format of your choosing.

Bottled water ¢ Describe any limitations of your conclusions
Many people in Australia spend a lot of money on (for example, does it depend on where you live?).

bottled drinking water. Are they doing this because
of the way the water is marketed, or are there

scientifically supported health benefits in drinking .T__T.

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. =

e Find out what dentists and medical experts say
about bottled water. 4

e Describe the scientific tests that are performed 4
to check that the claims are correct and that the !
results that have been obtained are valid. [ 1

e After researching and comparing a range of .
evidence, evaluate whether we should drink - J
bottled water in Australia or use tap water. Figure 4 Why do people drink bottled water?
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Mobile phone safety

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.

e Produce a report, of at least 10 points, detailing
research that has taken place into mobile phone
safety.

e Make sure you assess the validity of these
secondary sources.

¢ Include the outcomes or conclusions reached in

these studies. Figure 5 People of all ages use mobile phones.

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.

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

e Define the term “opposing evidence”.
* Identify whether the warnings are based on
anecdotal evidence or scientific evidence.

* Discuss whether anecdotal evidence can be of Figure 6 Are artificial colourings and flavourings in foods
value to scientists. bad for us?
Oxford University Press Module 1 Science toolkit 71
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Genetics

Genetic inheritance explains how characteristics
are passed down from parents to offspring through
DNA, chromosomes, genes and alleles. DNA is
organised into chromosomes, which contain genes
that control what each organism looks like and
sometimes even how they behave.

Sexual reproduction allows the types of genes
that determine each characteristic to become mixed,
allowing all offspring to be different. Mendel’s laws
of inheritance help predict how these characteristics
are inherited.

Genetic disorders like sickle cell anaemia or cystic
fibrosis are caused by changes in the DNA, and these
can be inherited. Understanding genetics helps us to
explain how diseases develop and how characteristics
are passed down from parents to offspring.
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Lesson 2.1
Science as a human endeavour:
Scientists review the research of
other scientists

Key ideas

— Gregor Mendel's experiments with peas was able to demonstrate that genetic
information was passed from parents to offspring.

— Watson and Crick were able to use the research from Linus Pauling, Erwin Chargaff and
@ Rosalind Franklin to discover the structure of DNA.

— Advances in technology now allows the use of computer modelling to generate large

Learning intentions data sets and compare them to experimental results.
and success criteria

Introduction

Scientific understanding is constantly being reviewed and refined. Sometimes scientists
collaborate and sometimes scientific teams “compete” to make discoveries first. The scientific
understanding of genes and DNA is no exception.

Gregor Mendel

Gregor Mendel was an Austrian monk and
scientist (Figure 1). He is known as the
“father of genetics” because he was the
first person to make accurate conclusions
about how genetic information is passed
from parents to offspring. Mendel loved
experimenting with peas — and he did many
experiments in his garden.

Before Mendel (in the early 1800s),
it was thought that children inherited a
mixture of characteristics from both their
parents, resulting in a mixture of looks,
in the same way that mixing red and
yellow paint produces orange paint. It was
thought that you could not separate the
pure red or yellow forms again. Mendel
discovered that the different “factors”
could be separated again.

Mendel observed the inheritance of

different characteristics in pea plants, Figure 1 Gregor Johann Mendel, 1822-1884, is known
such as seed colour, pod shape and height as the father of genetics.
74 Oxford Science 10 Victorian Curriculum Oxford University Press
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(Figure 2). From his observations he accurately Q )
concluded that “factors” (now called genes) Seed shape Spherical Wrinkled  gepe pasic unit
existed in pairs, one from each parent. Genes Seed colour @) Yellow °Green of genetic material

L. assed on from
control the characteristics of the cells, and P

parents to offspring
therefore the characteristics of each person. n @
The importance of Mendel’s research was Flower colour Purple White
not realised at the time, even by Mendel himself.
When he sent his research to Charles Darwin
(responsible for the theory of evolution), the Pod shape Inflated Constricted

letter remained unopened until after Darwin’s
death. It wasn’t until the early 1900s when
Pod colour Green Yellow

three other scientists repeated Mendel’s

experiments that he was given credit for the
two key principles of genetics: segregation and
independent assortment.
. . . Flower position Axial Terminal
Principle of segregation

Traits or characteristics of living things exist

in pairs of factors. These factors must become

separated or segregated before they can be

passed on to offspring. Every organism inherits

one set of factors from their mother and one set

from their father.
Stem height Tall Short

P rl n Cl p | e Of | n d e p en d e nt Figure 2 The seven traits, or characteristics, of pea
plants studied by Mendel

assortment

The inheritance of one set of factors from one parent is independent from the inheritance of
other factors. So, just because you inherit one factor (e.g. blue eyes) from your mother, that
does not mean you inherit all other factors from her (e.g. her blonde hair and small nose).
Factors are usually inherited independently from each other.

For almost 70 years after Mendel’s death, the identity and
chemical structure of these factors remained unknown. Today
we know the factors as genes made up of DNA.

Watson and Crick’s double helix
discovery

James Watson was a young chemist from the United States who went
to the University of Cambridge, in the United Kingdom. There

he met Francis Crick, an English physicist (Figure 3). Watson and
Crick were theoretical scientists. This meant they did not complete
any experiments themselves. Instead, they used the experimental
results from other scientists (Linus Pauling, Erwin Chargaff and
Rosalind Franklin) to develop their own models and theories.

Figure 3 James Watson and Francis Crick with their
DNA model
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DNA
(deoxyribonucleic
acid) amolecule
that contains all the
instructions for every
job performed by the
cell; this information
can be passed from
one generation to
the next

They worked as a team to unravel the secret of the structure of DNA (deoxyribonucleic
acid), which they identified as a double helix (two-stranded spiral) in 1953.

Rosalind Franklin

Rosalind Franklin had wanted to study
science since the age of 15 and eventually
earned her doctorate in physical chemistry
at the University of Cambridge in 1945
(Figure 4).

In 1951, she began work in John Randall’s
laboratory at King’s College in L.ondon.
When Franklin started work in Randall’s
laboratory, Maurice Wilkins (another
scientist working on DNA) was away. When
Randall gave Franklin responsibility for
part of the DNA project, no one had worked
on it for months. When Wilkins returned,
he misunderstood her role, treating her as
a technical assistant. His mistake was not
surprising given the situation for women at
the university at the time. Only males were
allowed in the university dining rooms, and
after hours Franklin’s colleagues went to
men-only pubs.

Between 1951 and 1953, Franklin
was able to improve the quality of the
photographs she took of DNA crystals.
While she was out of the laboratory, Wilkins

showed Watson photograph 51, one of

Franklin’s best crystallographic images of

DNA (Figure 5). When Watson saw the ”,
picture, he was able to imagine the structure

of DNA that he and Crick had been working {
on. They quickly completed their model and i
published the result in the journal Nature. -
Franklin’s work appeared as a supporting

article in the same issue of the journal.

The early experiments such as those of

Mendel, Watson, Crick and Franklin took .

Lo . Figure 5 Photograph 51: the X-ray crystallography
most of their lives to develop the ideas, image of DNA taken by Rosalind Franklin
gather enough data and analyse the results.
Today, computer modelling can generate large data sets and compare them to experimental
results. The Human Genome Project was developed in multiple laboratories over 13 years at
a cost of more than 2 billion dollars. Today, the same process that identifies all of a person’s
genetic material can be done in 24 hours for a few hundred dollars. This data contains
approximately 3 billion data points and would take a scientist decades to read.
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Data is changing the way scientists complete experiments. Instead of painstakingly
breeding and growing individual pea plants, scientists can now identify the genetic code and
use a fast computer to model all the possible breeding options and predict the possible results.
This means that computers are not only modelling but also generating hypotheses.

If Mendel was a scientist today, he would not have been restricted to choosing only seven
characteristics of his pea plants (height, pod shape, seed shape, pea colour, etc). Instead,
he would have entered all the pea plant data and used machine learning to select the key
characteristics to study.

Test your skills and capabilities

Acknowledging the work of others

Plagiarism involves presenting someone else’s ideas or work as your own. It can be as obvious
as directly copying, or it can include taking their ideas and using them in a very similar
manner. In the art or fashion industries, it could be copying the style of a painting or dress.
In the science world, it can involve using someone else’s results without acknowledging their
contribution. If a student or a person employed at a university is found to have committed
plagiarism, they can be expelled or sacked.

Wilkins showed Franklin’s results to Watson and Crick without her knowledge. Watson
and Crick then used her photo to create and publish their DNA model without acknowledging
Franklin’s contribution.

Evaluate one of the following ethical issues that arises from this discovery by:

» describing the ethical approach you are using (e.g. consequentialist or deontological)
e describing the issue from the point of view of Franklin
* describing the issue from the point of view of Wilkins, Watson and Crick

* deciding which view has greater importance.

Should Wilkins have shown Watson and Crick photograph 517

2 Franklin was considered a brilliant scientist and a kind-hearted woman; however, she is
also described as short-tempered and stubborn. Some of her fellow scientists (including
Wilkins) found her difficult to work with. If Franklin had been given a choice, should she
have shared her results with other scientists?

3 Should all scientists share their results with each other? If so, how should the work be
acknowledged? Provide reasoning to justify your answer.

Skills builder: Evaluating data and information

4 Research Mendel’s work. Evaluate the impact the work had on the science behind DNA
and inheritance. (THINK: What aspects of his work are still supported today? What
aspects have been refuted? Is there reliability in his original research?)
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®

Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

nucleotide
a subunit of a nucleic
acid

Lesson 2.2

DNA consists of a sugar-phosphate
backbone and complementary
nitrogen bases

Key ideas
— Genes are made of a chemical called deoxyribonucleic acid (DNA).

— The DNA molecule consists of two long, thin strands of complementary nucleotides
that are held together by hydrogen bonds.

— DNA has a double-helix shape.

Your DNA blueprint

DNA is like a blueprint, or set of plans, for every structure and function in an organism.
It contains a code unique to each individual that can be passed from parents to children,
generation after generation, with little or no change. Every cell in your body (except red
blood cells) contains the same identical DNA molecules. The DNA in your body is

99.9 per cent identical to the person next to you. It is only very small differences in the
code that give your hair, eyes and skin their unique colour and texture. Understanding
of the structure of DNA allows us to explain the similarities and differences that exist
between and within species.

Structure of a nucleotide
Each DNA strand is like a necklace of beads. The individual “beads” are called nucleotides.
These are the subunits or building blocks of DNA (Figure 1).
A nucleotide is a complex molecule composed of three smaller parts:
¢ anitrogen base (sometimes just called a “base”)
¢ asugar molecule (deoxyribose)
¢ a phosphate molecule.
In DNA there are four different types of nitrogen bases:
¢ adenine (A)
¢ guanine (G)
¢ cytosine (C)
e thymine (T).
These four nitrogen bases are what defines the four different nucleotides (or “beads”) that
make up the DNA.
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Phosphate Phosphate

Adenine

Deoxyribose Deoxyribose
sugar sugar

Phosphate

Phosphate

Guanine Cytosine

Deoxyribose Deoxyribose
sugar sugar

Figure 1 Nucleotides: the building blocks or subunits of DNA

Structure of a polynucleotide chain
When nucleotides (or “beads”) join together, they form a long polynucleotide chain called
a nucleic acid. DNA is a nucleic acid.

The nucleotide “beads” in the long nucleic chain are joined together by their sugar
and phosphate groups. The sugar of one nucleotide is joined to the phosphate of the next
nucleotide with a strong covalent bond. This forms a sugar—phosphate backbone, like the
sides of a ladder (Figure 2).

Hydrogen bond
\ o T
A gt OH  qgar

Nitrogenous base

H,C
e .

H,C

H,C .

HC

C

-
I
I

A

Nucleotide !

OH
L 1

Sugar—-phosphate
backbone Phosphate group

Figure 2 Nucleic acids such as DNA are made up of a chain of nucleotides joined together through
a sugar—phosphate backbone.
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hydrogen bond a
type of weak chemical
bond between two
groups of atoms; the
bond between two
nitrogen bases in the
DNA helix

complementary
base anucleotide
base that pairs with
its partner nucleotide
on the alternative
DNA strand; adenine
pairs with thymine,
cytosine pairs with
guanine
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Double helix

The sugar—phosphate backbone of one nucleic
acid chain is attracted to a second nucleic acid
chain, creating a ladder-like structure.

The “rungs” of the ladder are made up
of hydrogen bonds (relatively weak bonds)
between the nitrogen bases. A large nitrogen
base (adenine or guanine) is always bonded
to a small nitrogen base (thymine or cytosine)
because this gives the correct amount of space
between the strands.

The four different types of nitrogen bases
link in a specific way: adenine (A) always
pairs with thymine ('T") and cytosine (C)
always pairs with guanine (G) (Figure 3).
These base pairs (G-C and A-T) are called
complementary bases or complementary
base pairs. This means that one nucleic acid
strand will be complementary to the other
strand.

The two nucleic acid strands then wind into
a double helix — the twisted ladder (Figure 4).

DNA molecules have two vital properties.
¢«  DNA can make copies of itself: if two

strands unwind, each strand can be used

to make a new DNA molecule.

¢ DNA can carry information: the order of
bases along a strand is a code for making
proteins.

Check your learning 2.2

Check your learning 2.2

Retrieve

1 Define the term “nucleotide”.

Comprehend

2 Explain how nucleotides join together to form
polynucleotides.

3 Explain how two polynucleotides can twist
helically around each other to form a double helix

of DNA.

4 Describe the part of the DNA molecule that

Analyse

G ¢ C C A T A A T
c G G G T A T T A

Figure 3 DNA bases always pair as guanine with
cytosine and thymine with adenine.

Sugar— C
phosphate A
backbone
Base pair <
T A
— Adenine Al T
. C
— Thymine A
Nitrogen T
base
— Guanine C
A
T
L Cytosine G

Figure 4 The DNA double helix. If you picture the
DNA molecule as a twisted ladder, the sides are sugar
and phosphate molecules and the rungs are pairs of
nitrogen bases.

6 Identify the complementary DNA sequence to

GTTAGCCAGT.

Apply

7 David recorded the following answer as the
complementary DNA sequence for question 6:
TGACCGATTG.

Discuss why David’s answer is incorrect.

varies. Identify the part that remains constant.

5 Describe how the order of the bases on one
polynucleotide chain determines the order of the
bases on the other chain.

80 Oxford Science 10 Victorian Curriculum

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

Identify where he has gone wrong.

Oxford University Press



Skills builder: Planning in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>