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Module

Science toolkit

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.




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 9 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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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 asystem 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
hypothesis 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, . L
such as digging soakage wells or using Figure 2 Victor Steffensen, a Tagalaka man, is
natural indicators (e.g. bird behaviour) deeply committed to teaching cultural burning
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.

to find water.

6 Oxford Science 9 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
leaves are used to treat respiratory Figure 3 Cultural burning in Kakadu National Park healing properties.

conditions. Aboriginal and Torres
Strait Islander Peoples also understood the dosage and preparation of medicinal plants,

(Figure 4). For example, eucalyptus

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

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

spear-throwers. are at least 6,600 years old.
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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 E)Q

inventions; he.cc?uld nc'>t aff.ord to patent 15,624, 3 Seph. D. Usareon, Sill

all of them. His inventions included a Classes 37.6; 60.1.
modified hand piece used in sheep shearing Mechanical Motion. 3
(Figure 7B), a centrifugal motor, a multi- Straight line motion for sheep shears, &e:

radial wheel and a mechanical propulsion oA AurfHoe~andis pivotally connected to
device (helicopter).

the secrets of perpetual motion.

USTRAL|AJ' e

R

A sliding and 1(~uprocatmn arm co-acts with

mov: m;, cutter runnm" in \tl‘!ll"llt tenon.

. I15624/09 ~FISL-
Even into old age, he worked to unlock

5 figures, 2 claims,

Figure 7 (A) David Unaipon features on the $50 bank note. (B) David Unalpon 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 Figure 8 Aboriginal Peoples across Far North
Queensland observed that the seeds and stems of

. cycad plants could be poisonous. They planned and
to treat certain plants, such as Cycads’ SO conducted tests to discover ways to make them safe

that toxins were removed, making them to eat.
safe to eat (Figure 8).

roasting, crushing and soaking were used

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 9 Victorian Curriculum Oxford University Press
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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

3 Describe why it is important to refer to
Aboriginal and Torres Strait Islander Peoples as

“Peoples” and not “people”.

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

8 Compare and contrast two differences between

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

Indigenous science and Western science. In
your answer, use specific examples from both
knowledge systems to support your comparison.
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®

Learning intentions
and success criteria

valid where a test
investigates what it
sets out to investigate

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 What happens at each stage

Stage 1: A curious scientist has questions about

Questioning and | the world. Observations lead to asking

predicting questions, making inferences and
forming hypotheses to be tested.

Stage 2: There are many different ways to test a

Planning and hypothesis.

conducting 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.

10 Oxford Science 9 Victorian Curriculum
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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 (page 13)). The
word “pseudo” (pronounced SYOO-doh) comes from an Ancient Greek word that means
“false”.

12 Oxford Science 9 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).

s ee Q9

g g . Q

Anies Taurus Gemini Cancer Leo.

R

Y WL £ s oy
Libra Searpic Sagittarius Capricorn ‘

Aquarivs

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,

3 Explain why it is so important for scientists to analysing and modelling” and “Evaluating”.

follow the scientific method.
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Apply

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.

OeGQ‘“ber

le
(oo—apP
Kan9% sason

¢ Unpredicable warm

O ¢ weather, often with
é,(\ 95 thunder.
Q’o 696  Days are long and
®® nights are short.

 Fruits appear
on kangaroo-
apple bushes.

* Weather is warm
and it rains a lot.
* Grasses flower.

* Hot and dry.
* Female common brown
butterflies fly.

o
J Z
o m
= ® -~ [
S 2%\ S
* Hot winds stop and weather %},
g cools down. %
-a (rg o Eels are fat and ready to catch.
(] 8)) * Weather gets warmer but rain continues. o e are ficieamslengtl
(= as the nights.
o * Lots of tadpoles appear.
[ 3re * Days are the same length as the nights.
O q
53
-

¢ 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.

)aQ\na‘daS
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 and 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

STAGE 1
Questioning and
predicting

scientists follow the same general set of rules and
processes when conducting inquiries and research.
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:

e What is the current temperature trend in specific regions?
*  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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variable something
that can affect the
outcome or results of
an experiment

prediction an
outcome thatis
expected based on
prior knowledge or
observation
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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 known as variables. When a variable is changed, the results of the experiment
might change.

Types of variables

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

¢ Anindependent 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 Type of variable
To test the growth rate of tomato plants, you choose The number of hours of sunlight each plant
three identical plants and change the amount of receives every day is the independent
sunlight each one receives every day. variable.

After two weeks, the height of the plants are different. The height of the tomato plants is the
dependent variable.

Any factors that aren’t related to the amount of These are all controlled variables.
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
e 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:

“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.”

Oxford University Press
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This hypothesis includes the variables to test (assuming all other variables are controlled):

e 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 Define the term “hypothesis™.

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

3 Identify the two variables contained in
a hypothesis.

Comprehend

4 Explain why most variables need to be
controlled.

5 Explain the difference between a hypothesis and
a prediction.

Analyse

6 Justin decided to conduct an experiment to

find out whether his cats preferred full-cream

or low-fat milk. He gave one cat a saucer of
full-cream milk and the other cat a saucer of
low-fat milk and then left them alone. When

he returned an hour later, the low-fat milk was
gone and there was a small amount of full-cream
milk left. Justin concluded that his cats preferred
low-fat milk.

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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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

Learning intentions investigation method is sound.

and success criteria

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
accurate and reliable data conducting

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

¢ they follow necessary protocols (especially when

accessing Aboriginal and Torres Strait Islander Figure 1 Stage 2 of the scientific

S . thod is P1 i d ducting.
Peoples’ cultural sites and artefacts on Country). fethod s Hlanning and 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.
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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).

Laboratory experimentation

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.

Investigations must be
reproducible

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

yid2 W e §
"' B
vealby i i\~

Figure 2 In the field, scientists are able to collect more
accurate data from the environment.

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

An experiment must be a reproducible test to ensure accurate and reliable results.
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
same results. This helps scientists trust the effect of the variable being tested.

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.

Oxford University Press

reproducible the
ability to repeat
and replicate a test
exactly
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ethics asystem

of moral principles
about what is good,
bad, right and wrong

cultural norm
expectations (often
unspoken) about
one's behaviours
and beliefs

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.
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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?
* Could this research harm anyone?
* Do the potential benefits of this research outweigh the risks?
e 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,

identify three specific protocols that were not
3 List some advantages and disadvantages of field followed by Rio Tinto.

work and laboratory experimentation.

Comprehend

4 Explain why results must be reliable when Apply
planning and conducting an investigation. 7 Examine one ethical issue of your own choice

that scientists might face when conducting
medical research. In your response, consider both
the potential benefits and risks of the issue.

5 Explain why scientists must seek permission
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

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
¢ 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

to danger 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)
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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 1.

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

Oxford University Press

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

Module 1 Science toolkit 25



Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

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.

Safety helmets » protection o Ear protection
must be worn in must be worn in must be worn in
this area this area 2 this area

NO UNAUTHORISED
ENTRY
NO UNAUTHORISED

& : : X

m&%};, Pl S o e :

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

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

A risk assessment table provides a summary of possible hazards and outlines safety risks, including how
precautions, making the investigation safer and more organised. Important details to include g;lzyvsagtbtz rg'ot'i%atEd
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.

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
gas is produced. the rate of the reaction. too vigorous, dilute the acid.

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

by the reaction flammable. from open flames or sparks. extinguisher 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

the results. against 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 the class and disposed of appropriately by your teacher. These chemicals include corrosive
substance that can

damage or destroy . . .
other materials techniques for various materials.

liquids, grease and oils, biohazardous wastes and toxic solids. Table 2 lists the safe disposal

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

Material Examples What to do with it

Biohazardous waste = Animal cells and tissue = Solids should be collected by your teacher.

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.
Corrosive liquids Weak acids Pour down the drain.

Strong acids or alkalis = 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.

4 Identify five things you should do to stay safe in Analyse

the laboratory. .
Y 8 A student has created a risk assessment for

5 Identify the three safety symbols shown in

i ) ) an investigation related to the effect of salt
Figure 6. Describe the meaning of each symbol.

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.

Figure 6 Three safety symbols
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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. @

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

systematic errors can occur. Learning lntenFloqs
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 Equipment is the term used to describe the beakers, Bunsen burners, conical flasks, retort

items used in the
laboratory to conduct
experiments

experiment an
investigation used

stands and other items used by scientists to conduct experiments (Figure 2). Using the

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

to test a hypothesis, b | _)'
solve a problem or b4
find an answer to i
a question l
results the ‘
measurements and. Beaker Measuring Bunsen Filter
observat,ons made in cylinder burner funnel
an experiment; often
presented in a table ;
or graph 1 L

& . /

Conical Tripod Test tube Stirring rod
¢ flask stand
»
Gauze mat Evaporating Watch glass Thermometer
Retort stand dish
with boss head v
and clamp i A
W 72,
&
Test-tube Test-tube Metal Spatula
holder rack tongs

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.

e 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

NOT ACCURATE
NOT PRECISE

9.8 m/s?, 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 Ifyou calculate values like 9.7, 9.4, 9.9 and 9.6, the results are
both precise and accurate. These measurements are consistently

NOT ACCURATE
PRECISE

close to 9.8 m/s?, showing a reliable and accurate method.

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

reproducible the
ability to repeat
and replicate a test
exactly

accuracy 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
unpredictable
variations in
measurements that
are not the same
every time

systematic error
predictable variations
in measurements due
to faulty equipment
or method

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.

Check your learning 1.6

Check your learning 1.6

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

2 Measure 100 g of vinegar and add it to a

Retrieve

1 Explain the difference between accuracy and
precision.

2 Describe how repeating trials improves the
results and method.

3 Explain the difference between a random error
and systematic error.

Comprehend

4 Explain the advantage of using digital

equipment over their analogue counterparts.

S Justify when you would use a beaker or

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

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:

Apply

accuracy of the data collected.

7 From an experiment you have previously
completed, identify a random error and

systematic error that could have occurred.

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

Learning intentions

— If using data from secondary sources, you need to check they are reliable sources. oo
and success criteria

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

Stage 3 of the scientific method involves processing, STAGE 3
modelling and analysing data generated during a scientific Processing, modelling
inquiry (Figure 1). This can be done using: and analysing

e data tables

» graphs
e keys
*  models

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

e 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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categorical data
information that
can be divided into
groups or categories

numerical
data information in
the form of numbers

discrete data
information that
can only take on
specific and distinct
values, such as
whole numbers

34 Oxford Science 9 Victorian Curriculum

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:

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

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

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

4 Add your data in the correct columns.

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 30 3 of the ice—(fube.s I}ave rpelted and the remaining 3 are
now half their original size.

4 40

5 49

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

7 58

8 63 Small bubbles appearing in the solution. All the ice-

cubes have melted.

Graphs

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

analysed efficiently.

¢ Categorical data is a collection of information that can be divided into named groups
(e.g. colours, types of animals, types of vehicles).

¢« Numerical data is a collection of information that can be represented as numbers
(e.g. temperature, wind speed, height).

Numerical data can be divided into two smaller groups.

¢ Discrete data is data that can only take a specific and separate value. It is usually
counted in whole numbers that cannot be broken down into smaller parts. For example:
— the number of students in a class

— the number of votes in an election.
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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 fractions that

] . are measured
— 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
or population growth over time. Patterns are more easily observed as well as the relationship and that change

between the independent and dependent variable. over time

Monthly average temperature in Melbourne

35 A
30
25 A
20

15 A

Temperature (°C)

10

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

—e— High temperature =~ —e— 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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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

Column graphs

In a column graph, the height of each column
represents a value that you have measured. This
type of graph is good for showing discrete data.

Imagine that a scientist is recording the
number of insects at different locations. In this
experiment, the independent variable (the variable
that is changed) is the location, and the dependent
variable (the variable that is measured) is the
number of insects.

Scatter plots

Scatter plots are used when both the independent
variable and the dependent variable are continuous
and may not be connected by a line. Occasionally,
a line of best fit can be used to show the trend or
direction of the relationship. A line of best fit is a
straight line drawn through a group of data points,
and it can show the positive or negative relationship
(correlation) between two variables (Figure 4).
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 variable that is measured) is temperature.

Keys

Number of insects caught at
different locations

Insects caught (n)
9] W = w
T T T F

—_
o
|

A B C D E F G H
Location

Figure 3 An example of a column graph

Temperature (°C)

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

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

Figure 4 An example of a scatter plot

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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DICHOTOMOUS

FUR NOFUR

- g ; )
FEATHERS NO FEATHERS

MAMMAL Jl
o0 { !

DRY SKIN MOIST SKIN

L
§ i )

SCALES NOSCALES

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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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

estimating unknown a graph occurs when a line is drawn to estimate values beyond the available data. This can
values from 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).

1 e i i i i ettt

Mass produced (g)

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
?ritrirgir;it?fgav‘;alij“e‘i the process of estimating values within the range of the data you have already collected.
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
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
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

Volume (ml)

accuracy of your results. 0

Secondary sources

extrapolation.

A reliable secondary source is one that

provides accurate, well-researched and

Mass (g)

Figure 8 Interpolation uses existing data points to
estimate unknown values and is more accurate than

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.

3 Describe the type of graph that would be used b Students measure the height of plants after
to show the number of birds found in a particular 4 weeks of using different types of fertilisers.
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
and numerical data. different stimulis (e.g. visual, auditory).

6 Define what extrapolation and interpolation e Students measure the pH levels of various
means. solutions (e.g. vinegar, soap, water).

Comprehend Analyse

7 Classify the following as discrete or 9 Students conducted an experiment to measure

T 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
with their data (Table 3).

a Plot the data on a graph with the number of

a Student’s favourite colour
Height of the members in your family
The number of books on a shelf

IS S0 ) @ @2 bacterial colonies on the y-axis and the day on

the x-axis. >

o o6 o

Amount of liquid in a bottle

Module 1 Science toolkit 39

Oxford University Press

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



4 b

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 9 Victorian Curriculum
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Apply

10 The speed of a car was recorded at regular
intervals along a straight stretch of road and the
following graph created (Figure 9).

a

b

50
45
40
@® 354
30
= 254
20 A
15 A
10
5

(m/

Spee

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. o
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
data from a scientific
investigation

eventually be used to write a formal report (i.e. a written report used to communicate the
results of an experiment with other scientists).

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

Oxford University Press Module 1 Science toolkit 41

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



b Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.
1.7

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,

I em wide elastic was tied around the base of the chairs for Experiment 1.5.

Measurements
Distance marshmallow has moved

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

| em 20 cm 3 mm 2349 ¢ 19.9 em 211 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.

AUV ITLT LYYV YL

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.

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.

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.

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.

2 A student made a mistake on a page then ripped 6 Infer why you should reflect on each experiment

that page out of their logbook. Recall why this before starting the next experiment.
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 . . . ..
y b Discuss why each piece of information is

4 Inf.'e.r W.hy Lo 1mp0rtan.t £ H.lake sure the necessary for a complete and accurate record
writing in your logbook is legible (able to of the investigation

be read). >
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<
Effect of light intensity on the rate of photosynthesis. Bl gt

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

Method
l. 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
* Light intensity: 200 lux, Oxygen bubbles: 10
* Light intensity: 300 lux, Oxygen bubbles: 1S

Conclusion

The rate of photosynthesis increases with light intensity.

Yy yy Yy gy iy

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
B 5

_ 1013
-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
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3 N
é 6 \\
o 5
o \x
4
0 10 20 30 40 50
Temperature (°C)
Horizontal axis (x-axis)

Figure 1 A line graph of germination time of wattle seeds versus temperature

46 Oxford Science 9 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 20/06/2025 under licence.

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.

inversely
proportional
relationship when
one quantity
decreases the other
quantity increases, or

vice-versa
A B
0123456738
Figure 2 A horizontal line on a graph ~ Figure 3 An inversely proportional Figure 4 A curved graph is divided
means the dependent variable is not relationship into sections that show different
affected by the independent variable. 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 pattern a

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
generally increases over a week during the
summer (Figure 5).

Recognising patterns and trends helps
us understand how things are changing and
predict what might happen next. However,
it’s also important to look for inconsistencies
in the data — these are points that don’t
fit the general pattern. For instance, if
the temperature suddenly drops during
the afternoon when the trend suggests it
should continue rising, that could be an
inconsistency (or an outlier) that needs
further investigation.

repeated sequence
or arrangement of
numbers or data
points

trend represents
the overall direction
of the data points

Sample data from 1 week in
summer — max and min temperature

O 304
o 254
20 ._./._.\./_/’/.

15

Temperatur

w
|

(=}

Mon Tue Wed Thur Fri Sat Sun

Day of the week
~@— Min Temp (°C) —@—MaxTemp (°C)

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.

Oxford University Press
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outlier adata
point that differs
significantly from the
main group of data

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

0.1

2
3
4 4.0
5
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.

» 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

conclusion

a statement that
“answers” the aim of
an experiment

After completing an investigation, you should draw a conclusion that aligns with the
data and observations collected, ensuring the conclusion is based on accurate and reliable
evidence. Here you will explain whether your hypothesis was supported or refuted (using 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 7pm: 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

temperature at different times during the day:

a 8am: 20°C
b 12 pm: 25°C

Oxford University Press

a Describe the relationship between soil

type and plant growth based on this data.

b Explain if the data is reliable and justify

your reasoning.
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47 Use the following data from an investigation Apply
about how different temperatures affected the
activity of an enzyme to answer the following
questions.

8 Describe the relationship between the
independent variable and dependent variable in

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

be considered outliers.

—_
(=}
1

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

d Discuss the possible reasons for the decrease

Height of plant (mm)
w
1

4
3

2

14

in enzyme activity at higher temperatures. 0 =T

T 1 1 1 1 1 1 1 1
0123456738910
Day measured

Table 3 How different temperatures affected the activity of —e— Dirt plant —e— Jelly plant
an enzyme Figure 6 Height of plant versus day measured
Temperature (°C Reaction rate (units/min . . .
P ¢C) ( ) 9 For the following scenarios, identify sources of
10 2 uncertainty.
20 5 a Students are measuring the speed of a toy car
30 3 as it travels down a ramp.
40 12 b Students are testing the strength of bridges
made from different materials and designs.
>0 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 this by:

» evaluating how the problem was solved

e evaluating the validity of information

e suggesting alternative explanations.

Approaches used to solve problems

STAGE 4
Evaluating

Figure 1 Stage 4 of the scientific

method is Evaluating.

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

e field work

* modelling and simulations

e 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

Laboratory experiments

Field work

Modelling and
simulations

Comparative analysis

Pros and cons list

SWOT analysis
(Figure 2)

Cause-and-effect diagram
(Figure 3)

Oxford University Press
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Strength

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

Provides real-world data and makes
results more applicable to actual
situations

Useful for predicting outcomes, testing
complex scenarios and analysing patterns
without the need for experiments

Evidence-based decision-making that
identifies similarities, differences and
trends in data or case studies

Simple to use and organises thoughts to
evaluate options to make an informed
decision

Identifies strengths, weaknesses,

opportunities and threats

Maps out underlying causes of problems
and explores potential solutions

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
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P

o i
Weakness

Habitat Bushfires

Lack of trees

Figure 2 A SWOT analysis grid

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

confirmation
bias apreference
for information or
data that supports
pre-existing beliefs or
the hypothesis

sampling bias

the selection of
participants is not
random and does not
represent the larger
population
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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.
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randomised when
participantsin a

trial are assigned

to separate groups
by chance

placebo a
substance or
treatment that has
no effect

blind study

a study in which
participants do not
know who is receiving
the real treatment
and who is receiving
a placebo

double-blind
study astudyin
which neither the
researchers nor the
participants know
who is receiving the
real treatment and
who is receiving 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. S 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 the peer review
STAGE 5 a process in which

Communicating experts evaluate the

findings of a report

before it is published

second scientist:

» evaluates the methods to identify assumptions, errors
and improvements

e evaluates the results to identify outliers and anomalies

* 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, “T’he 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 * Presented on its own page at the start of a report.

*  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.

¢ 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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unbiased showing
no prejudice for or
against something

objective
information that is
free of prejudices, is
based on evidence
and is verifiable

When writing reports, scientists also avoid using the first person (

“I” « M« M«
bl

we”, “me”, “you”,

“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. .
. . . . * 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.
T dlicmiine i ihe conemimiton of el it 7. 100 mL 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, e (e Elkem

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

The investigation confirms that the presence of salt
significantly affects the boiling point of water, supporting

S 106 Boiling points of solutions the hypothesis. Higher salt concentrations lead to an
N increase in the boiling point and affect the time taken to
g 104 reach it.
g 102 Some other alternative explanations for the results include
5 100 other impurities in the water and uneven heat distribution
g‘ 98 'El from the Bunsen burner, affecting the boiling point
& 9% - readings.

Distilled 1% salt 5% salt 10% salt

water solution solution solution

Solution References

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.

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

a Discussion

Method

Results

Abstract

Introduction

Conclusion

Aim

Explain the difference between a scientific
report and scientific poster.

K| = 0o o 6o o

Comprehend

4

Explain why a conclusion is written at the end of

an experiment or investigation.

Explain why personal pronouns are not used in

scientific reports.

Explain why it is important that scientists

prepare scientific reports.

Explain why using a common format for

all scientific reports might make it easier for

scientists to communicate with one another.

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:

e 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 reccommending 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).

Oxford University Press
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Table 3 Data collected from the spread of a new infectious disease

Infection rates

Week 1: 50 cases

Week 2: 120 cases
Week 3: 200 cases
Week 4: 350 cases

Age distribution of cases

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

21-30 years: 100 cases

Hospitalisation rates

Week 1: 10%
Week 2: 15%
Week 3: 20%
Week 4: 25%

Recovery rates

Week 1: 30%
Week 2: 40%
Week 3: 50%
Week 4: 60%

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,

the feasibility of your proposed measures,
taking into account factors such as cost,
resources and community acceptance

the long-term outcomes of implementing your
proposed measures

charts and diagrams to convince the council of « use of scientific language and conventions
the importance of your solution. Some things to to explain how your proposed measures will
consider include: reduce the spread of the disease over time.
e your proposed measures to control the spread

of the infectious disease

* the potential impact of your proposed
measures on public health and the community

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

Command terms

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

new information and undertake assessments. information

Module 1 Science toolkit 63
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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 . o o
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.

\

two fruits, you would also need to consider

similarity and one difference between them.
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

. ) . o 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 — Activate

or of the characteristics or features of something and transfer knowledge
. . . . . . from your permanent

Explain make an idea or situation plain or clear by describing memory to your working

it in more detail or revealing relevant facts

memory.
Summarise give a brief statement of a general theme or major
point/s; present ideas and information in fewer words
and in sequence
64 Oxford Science 9 Victorian Curriculum Oxford University Press
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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 in

Comprehend a hot environment. Justify your answer”. Their

3 Explain in your own words what is required to response was: ““The corn would be more suitable
correctly answer: to grow in a hot environment”. Evaluate whether

a a “discuss” question the student has correctly answered the question.
b a “calculate” question

¢ 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

e 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

e 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.

66 Oxford Science 9 Victorian Curriculum

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

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.

68 Oxford Science 9 Victorian Curriculum
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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.

Oxford University Press
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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

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

f 20 t 11 d 15, but th
onagroup o cenagers, at aged 1o, but then ensure that they are accurate.

they decided to conduct more tests. So they then

tested 100 more teenagers, all aged 15 a Predict the results you would expect to obtain

. if your stated hypothesis was correct.
a Determine whether this is an example of Y P

b Evaluate the accuracy of the results that
you may measure and suggest what further
investigation you could undertake to improve the

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).

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.

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.

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

routines on heart rate recovery times. You have

collected the following data on recovery times

(in minutes) for two different exercise routines,

Routine A and Routine B.
Data:

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

a Calculate the mean (average) recovery time for
Routine A and Routine B.

b Calculate the median recovery time for
Routine A and Routine B.

¢ Identify the mode (most frequent value) of
recovery times in Routine A and Routine B.

d Identify any outliers in the data for Routine A
and Routine B.

e Explain how these outliers affect the mean,
median and mode.

f Discuss the implications of the outliers on the
overall analysis of heart rate recovery times for
different exercise routines.

Social and ethical thinking

25 Two phrases commonly used in advertising are

“Scientists have proved ...” and “Recommended
by scientists”. These are often accompanied

by pictures of named scientists who are paid to
appear in the advertisement. Discuss the ethical
implications of using these phrases or pictures of
scientists, by completing the following.

Bottled water

Many people in Australia spend a lot of money on

bottled drinking water. Are they doing this because

of the way the water is marketed, or are there
scientifically supported health benefits in drinking
bottled water rather than tap water? Is tap water
unsafe to drink? Have there been any cases where
water bottlers have been fraudulent in their claims
about the water they are selling? Investigate this issue.

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

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

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

Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

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

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

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

d Evaluate whether using the phrases/
pictures disadvantage the person viewing the
advertisement.

e Decide whether the phrases/pictures of
scientists should be allowed in advertising.

Critical and creative thinking

26 One source of information for consumers is Choice
magazine. The magazine reports the results of
testing of a variety of brands of consumer products.
a If a consumer scientist was reading a report on

the safety of children’s pyjamas, describe the
evidence they might look for to see if the report
was fair and objective.

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

Research

27 Choose one of the following topics for a research
project. Some questions have been included to help
you begin your research. Present your findings in a
format of your choosing.

¢ Describe any limitations of your conclusions

(for example, does it depend on where you live?).

™
)

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”.

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

e Discuss whether anecdotal evidence can be of Figure 6 Are artificial colourings and flavourings in foods
value to scientists. bad for us?
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Control and
regulation

Overview

The nervous and endocrine systems work together
to help the body respond to changes and keep
everything in balance. They help control the body’s
reactions to temperature, light, danger, hunger or
thirst by sending electrical signals (nervous system)

and hormones (endocrine system) from one part of
the body to another. These systems use feedback
loops to adjust and fix things when needed,

including keeping body temperature or blood sugar
steady. Problems like diabetes or hypothermia can
cause problems with these systems, showing how
important balance is for health. Understanding
these feedback loops has helped create treatments

gy (%

\

such as insulin for diabetes.

¢
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Learning intentions
and success criteria

stimulus any
information that the
body receives that
causes it to respond

response achange
in an organism’s
behaviour or function
in reactionto a
stimulus

receptor a
structure that
detects a stimulus
or change in the
normal functioning

Lesson 2.1
Receptors detect stimuli

Key ideas
— Your body has receptors that detect changes (stimuli) in the environment.

— The five main types of external receptors detect light, sound, chemicals in the air and in
your mouth, and touch.

Introduction

Your body responds to changes in its environment. Receptors detect these changes and pass
the information to other parts of the body. A stimulus is any change in the internal or external
environment that your body receives that might cause it to respond. For example, touching

a hot surface is a stimulus that triggers an immediate response from your body to move your
hand away.

Responding to change

Within our bodies, we regularly respond to changes without
being aware of a stimulus and response. What makes you
aware that you’re hungry or thirsty? Something in your body is
communicating with your brain to tell you to find food or water
(Figure 1). A similar process occurs when you feel tired or have
a headache. What is the source of these stimuli?

Other examples of stimuli are less obvious. We are
surrounded by bacteria, viruses and fungi. Although many of

them are too small to see, our bodies are constantly monitoring Figure 1 We often respond to
their numbers and fighting off harmful microorganisms hot weather by drinking more.
(Figure 2).

Your body is an amazing combination of cells, tissues, organs
and systems, all working together. Each contains cells that play
a part in detecting stimuli and passing on the information to
other parts of the body. The structures that detect stimuli or
changes in the environment are called receptors. For example,
photoreceptors in your eyes detect light, and thermoreceptors in
your skin sense changes in temperature.

of the body
The sense organs
Our body can detect five main signals: light (sight), sound
(hearing), chemicals in the air (smell) and in our mouth (taste),
and touch (pressure, heat and pain). These are external senses Figure 2 The human
because they tell us about the world outside our body. The papillomavirus (seen here
. . under a microscope) stimulates
sense organs — the eyes, ears, tongue, nose and skin — are highly . .
an mimmune résponse in the
specialised to receive stimuli from the environment. human body.
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Sight
Sight tells us more about the world than any other sense. The pupils change size to control
how much light enters the eyes (Figure 3). The different types of photoreceptor cells at the
back of the eyes transform the light into nerve signals for the brain (Figure 4). Photoreceptors
include rods, which are sensitive to low
light levels and help with night vision,
and cones, which detect colour and
work best in bright light.

It is not only your eyes that allow
you to see but also your brain! The
information from your eyess is
transferred to your brain, which then
tells you what you are seeing.

Figure 4 Photoreceptors in the human eye transform light
into nerve signals.

o
0

The lens focuses incoming light.
The cornea bends incoming light.
The iris controls the amount of light entering the eye.

Photoreceptor cells in the retina change light into
nerve signals.

Figure 3 A crocodile’s eye has an elliptical
(oval-shaped) pupil, which helps to protect its the brain
sensitive retina from the bright light of day.

Nerve impulses travel through the optic nerve to

o 00

Hearing

The strumming of a guitar causes the particles in the air to vibrate. These vibrations are
collected by the outer ear, which funnels sound waves into the ear canal and directs them to
the eardrum (Figure 5). The eardrum vibrates and transfers the sound energy to the middle
ear, where the smallest bones in your body — the hammer, anvil and stirrup — amplify the
vibrations and pass them into the cochlea. In the cochlea, the vibrations are converted into
nerve impulses by hair cells (Figure 6). The brain then interprets the information, telling you

) Figure 5 The large
what you are hearing. ears of some bats help

Parts of your ear also control your sense of balance. The vestibular system is a group of them use sound waves
three tubes filled with fluid and tiny hair cells that detect movement. As you spin, the fluid to locate their prey.
in these tubes moves, stimulating the hair cells and sending signals to your brain about your
position and motion.

When you stop spinning, the fluid continues moving for a short time, even though you are
stationary. This confuses your brain, causing you to feel dizzy or unbalanced. This reaction
coordinates with your sight (to stabilise your vision) and touch (through pressure receptors in

your feet) to help you recognise which way is up and prevent falls.
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Figure 6 The human ear transfers vibrations to the middle ear. These vibrations become nerve impulses.

Sounds enter the ear through the ear canal.

Eardrum.
Vibrations passing through the middle ear are changed to nerve impulses.

The cochlea contains fluid that moves due to vibrations coming from the middle ear. This motion
becomes an electrical signal that is passed to nerve cells.

Nerve impulses travel through the auditory nerve to the brain.

Taste

Your tongue is covered in thousands of tiny taste buds (Figure 7 and Figure 8). You can see
this in a mirror. Taste buds contain special receptor cells that react to chemicals in foods.
These chemical receptors can recognise basic kinds of taste molecules, such as sweet, salty,
sour, bitter and umami (savoury). When you eat or drink, the information from the taste
receptor cells is sent to your brain through nerves. It is the mix of chemical molecules that
your brain detects as the flavours you are tasting.

Figure 7 A dog uses

its tongue for many

things, including

taste and temperature

control. Panting

moves cool air over

the tongue and lungs,

allowing moisture

to evaporate, thus Papillae
cooling the body.

Non-taster tongue Supertaster tongue

Figure 8 The tongue is covered in bumps, called papillae, which contain tastebuds that enable us to taste.
A supertaster has many more papillae than average, and a non-taster has fewer.
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Smell

Like taste, our perception of smell depends
on chemical receptors (Figure 9). The
receptors in our nostrils detect chemicals in
the air and then send messages to the brain,
which interprets the messages and tells us
what we are smelling (Figure 10). Smell is
closely linked to taste. If this seems strange,
think about the last time you had a bad cold
and a blocked nose. Did it affect your ability
to taste? A lot of what people think is taste is
actually smell.

Figure 9 Elephants use their trunks for a wide range of
smelling tasks, such as sensing danger.

Figure 10 Smell receptors in human nostrils detect chemicals and send messages to the brain.

Mucous provided by nasal sinuses helps to trap bacteria and small particles.

Smell receptors above the nasal cavity stimulate the olfactory bulb, which sends messages to the brain.
Air movies through the nasal cavity to the back of the throat.

Air travels to the trachea and into the lungs.

00060

Air enters the nose through the nostrils.

Touch

While the other four senses are in specific
locations, touch is felt all over the body,
through the skin (Figure 11). The inner
layer of skin, called the dermis, contains
many nerve endings that can detect heat,
cold, pressure and pain (Figure 12).
Information is collected by the different

receptors and sent to the brain for processing
and reaction.

Figure 11 The skin of a human fingertip has about 100
touch receptors.
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Hair
Sweat pore
Epidermis
Dermis
Nerve — =
N
Sweat gland Hypodermis
) Subcutaneous
Hair bulb layer
Artery
Vein
Adipose tissure
Figure 12 A cross-section of human skin
Check your learning 2.1
Check your learning 2.1
Retrieve Apply
1 Define the term “stimulus”. 6 “A person has more than five senses.” Evaluate
2 Identify the five major sense organs. this statement by:
a describing the five senses that are bein
Comprehend 5 g
- N ] ] i referred to
& St e b Eloeye s i CUTe e aneehEis b describing what happens to your balance when

environment or changes within our bodies. . .
g you spin around quickly (sense of balance) and

identifying if any of the five senses you listed
were part of the reaction

Describe two examples of each.
4 Describe two situations in which each sense

Ei s oLl et (0 e e ¢ describing how your body reacts when you are

Analyse sick (sensing bacteria) and identifying if any of

5 Compare the way you detect smell and the way the five senses you listed were part of the reaction

you detect taste. d deciding whether the original statement is
correct.
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Skills builder: Planning investigations b List any additional materials Jacob might need.

7 Jacob wants to know if the receptors sensitive to
umami are distributed evenly on the tongue or

(THINK: How could he make this experiment
safe? How would the flavours be tasted?)

concentrated in particular areas. He wants to ¢ Select two risks associated with Jacob’s test.

give people the following foods to test his theory: (THINK: Does Jacob need to use people in his

sour hard sweets, gummy bears, sea salt crisps, experiment? Are there allergies?)

grapefruit and mi goreng. d Explain how the risks you identified in part ¢

a Describe the experimental method Jacob could be managed. (THINK: What would
could use to test his theory. (THINK: What is Jacob need to know about the participants?
Jacob trying to test?> How many repeats would How could he avoid making people sick?)

he need to measure?)

Lesson 2.2
Nerve cells are called neurons

Key ideas

— Neurons are cells in our body that enable messages to be passed quickly.

— A change is detected by the receptor and an electrical message is passed along the
neuron to the synaptic terminal.

— Chemical neurotransmitters pass the message across the gap to the next neuron.

— The myelin sheath protects parts of the neuron and increases the speed of messages
being sent.

Nerves

The basic unit of the nervous system is the nerve cell, or neuron. Scientists believe that we
may have up to 100 billion neurons in our bodies, connected in paths called nerves.

Neurons have many highly specialised features. Each neuron has a large cell body that
connects to a long thin axon. An axon carries nerve impulses away from the cell body. The
axons connecting your spinal cord to your foot can be up to 1 m long.

At the end of the axon are small bulbs, called synaptic terminals. Each synaptic terminal
releases information into the synapse (Figure 1). The next neuron receives these messages
from the synapse via its dendrites.

Nerves work just like electrical wires and require insulation in the same way. The axons
are covered by a fatty layer called the myelin sheath. The myelin sheath helps to protect and
speed up a nerve impulse and keep it moving along an axon. People with multiple sclerosis
have damaged myelin sheaths. This means that the nerve impulse is disrupted, blocked or
unable to move along the length of the axon. A person with multiple sclerosis can therefore
have difficulties with movement.

©

Learning intentions
and success criteria

neuron a nerve cell

cell body the main
part of a cell that
contains the nucleus/
genetic material

axon the part of

a neuron (nerve
cell) that carries an
electrical message
away from the cell
body to the synapse

myelin sheath
a fatty layer that
covers the axon of
a nerve cell
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Cell body (soma) Myelin sheath

Nucleus

—.

Direction of
impulse

Synaptic terminal
(axon terminal)

Dendrites

Figure 1 A typical neuron

dendrite the part Dendrites are nerve endings that branch out of
of aneuron (nerve the cell body. These highly sensitive, thin branches
cell) that receives a
message and sends
it to the cell body of other neurons, allowing nerve impulses to be

receive information from the synaptic terminal

transmitted.

1 Electrical
impulse passes
along neuron

/

synapse asmall gap another neuron across a synapse. The synapse is \ - i

betweentwoneurons 5 ymga]] gap separating neurons. When the message 2 Neurotransmitters
that must be crossed stimulated

by neurotransmitters

Dendrites bring information to the cell body
and axons take information away from the cell
body. Information from one neuron flows to

reaches the end of the axon, chemicals called
neurotransmitters are released from the synaptic

neurotransmitter ] i
achemical messenger ~ terminal and travel across the gap in the synapse
that crosses the to the dendrite of the next neuron (Figure 2). In

synapse between the hi 1 ical d d
axon of one neuron this way, electrical messages are passed aroun

and the dendrite of the body.

another neuron .
3 Neurotransmitters

cross the synapse
~

Types of neurons

There are three specialised types of neurons, all
with different jobs (Figure 3).

sensory neuron ¢ Sensory neurons (or afferent neurons)

a nerve cell that are sensitive to various stimuli, collecting

carries a message . . . .
from a receptor to information from either the body’s internal

the central nervous environment or the outside world. Sensory

system neurons send the information they have

collected to the central nervous system for
processing.

interneuron a ¢ Interneurons (or connector neurons) link
nerve cell that links
sensory and motor
neurons; also known
as a connector common neuron in your central nervous system

Figure 2 Electrical messages are converted to

. chemical messages (neurotransmitters), which
interneurons. Interneurons are the most cross the gap in the synapse.

sensory and motor neurons, as well as other

neuron (brain and spinal cord). They only make

connections with other neurons.
motor neuron ¢ Motor neurons (or efferent neurons) carry messages from the central nervous system to
a nerve cell that muscle cells throughout the body, which then carry out the response.

carries a message
from the central
nervous system to
a muscle cell
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Axon terminal

Interneuron

Neurilemma
Myelin sheath

W

Cell body @ Schwann

cell nucleus Node of Ranvier

Dendrites

Sensory Neuron
Schwann

cell nucleus

Axon terminal

@ Node of Ranvier

Motor Neuron

Cell body Myelin sheath Node of Ranvier

Neurilemma

Schwann

. cell nucleus
Dendrites
Skeletal muscle

Figure 3 In these examples of an interneuron, a sensory neuron and a motor neuron, you can see how they are
structured differently to send and receive different messages.

Check your learning 2.2

Check your learning 2.2

Comprehend 5 Contrast (the differences) sensory neurons and
1 Describe the features of a neuron that enable it Interneurons.
to pass messages on to other neurons. Apply

2 Describe where you will find sensory neurons

6 With a partner, create a way to remember the
that detect:

difference between sensory neurons, motor

a smell neurons and interneurons. Be creative! Share
b taste your memory trick with the class.

¢ sound 7 Create a diagram to explain the problem that
d touch may result from damage to the myelin sheath.
e light.

Skills builder: Problem solving

& IDE1D R19 el ot e el 6 sei . 8 Isadora’s myelin sheath is deteriorating.

Analyse

4 Compare (the similarities and differences)
sensory neurons and motor neurons.

Oxford University Press

Describe the problem that this will cause.
(THINK: What does myelin sheath do? How will
this impact Isadora’s life?)
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©

Learning intentions
and success criteria

reflex an
involuntary
movement in
response to a
stimulus

Lesson 2.3

The nervous system controls

reflexes

Key ideas

— Receptors in the nervous system detect a stimulus and pass it on to control centres.

— The control centres initiate a message to the effectors, which causes a response.

— Reflexes are special pathways that allow a response to occur before the brain has time

to think.

Stimulus-response model

Stimuli can come in many different forms. A stimulus may be pressure or

heat on the skin, or a puff of air or strong light in your eye. The stimulus
is detected by receptors and the message gets sent to the spinal cord and
the brain via sensory neurons. The spinal cord and brain are the control
centre of the nervous system. Interneurons in this control centre pass
the message on to other interneurons as your brain thinks about how
you should respond to the stimulus. Eventually, you make a decision and
the motor neurons pass the message on to the muscles. In this case, the
muscles are called the effectors, because they are the cells that cause the
body to respond. This simple pathway is called the stimulus—response
model (Figure 1).

Reflexes

If you have ever accidentally touched something very hot, you will
remember how quickly you snatched your hand away. In fact, it would
have been so quick that you didn’t even have time to think about it — it
was automatic.

A reflex, or reflex action, is an involuntary and nearly instantaneous
movement in response to a stimulus.

Stimulus

Receptor

Via sensory
neuron

Control centre

Via motor
neuron

Effector

Response

Figure 1 The
stimulus—-response
model

During a reflex action, the sensory neuron carries the message from the receptor to the
spinal cord. The interneuron then sends two messages at the same time: one to the brain and
the other to the muscles via the motor neuron (Figure 2). This means the muscle is moving at
the same time as the brain gets the message (e.g. that the object is hot). This makes reflexes
even faster than usual responses. Most reflexes help us in survival situations. Can you think

of the advantages of these reflexes (Figures 3 to 7)?
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Sensory neuron Ear Interneuron

Motor
neuron

Sensory Spinal cord

receptors

|

Figure 2 A reflex action ensures that your hand pulls away from the flame very quickly, even before you feel the pain.

Figure 3 Grasp reflex When an object is placed on a Figure 4 Sneezing reflex When small particles land
baby’s palm, their fingers curl over and grasp it. on receptors in the back of your nose, the muscles in
your diaphragm force air out rapidly.

Figure 5 Startle reflex When a newborn baby is Figure 6 Plantar reflex When a blunt object (such as
the blunt end of a pencil) is moved along the underside

startled, they will fling their arms out wide and grab
of the foot, the toes usually curl downwards.

anything they touch.

Figure 7 Patellar (knee-jerk) reflex When a small Figure 8 Quick reflexes!
section below the kneecap (the tendon that connects the

muscle to the bone) is stimulated with a quick, firm tap,

the foot will kick out.
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Check your learning 2.3

Check your learning 2.3

Retrieve jerk reflex and determining whether damage to
1 Define the following terms. the upper spinal cord will affect the messaging in

a Receptor a knee-jerk reflex).

b Effector Skills builder: Processing and analysing data
¢ Response and information
Comprehend 6 Seth conducted a reflex test to measure the

average time it takes someone to respond to

catching a ball. He found that it took people the

following amount of time (in seconds) to react:

0.04,3,2,1,09,2,4,3,2, 1.

a Identify any outliers in the data. (THINK: Is
something unusual? Is there a result that seems

2 Describe the stimulus—response model.

3 Explain why the brain is not involved in a reflex
action.

4 Explain the advantage of a baby having the
startle reflex.

Analyse different to the others?)

5 If a person has a damaged upper spinal cord, b Identify the median and mode. (THINK:
they may not be able to feel their toes. Analyse What is the most common number? What is
whether this will affect their knee-jerk reflex the middle number?)

(by describing how a person “feels” their toes, ¢ Calculate the mean. (THINK: What is the
describing the role of the spinal cord in a knee- average reaction time?)

Lesson 2.4
The central nervous system controls
© our body

Learning intentions
and success criteria

Key ideas

— Humans are constantly receiving stimuli from their environment through the

peripheral nervous system.
Check the next

lesson for a linked — Neurons use electrical messages that are passed along to neurons in the brain and

practical activity spinal cord that make up your central nervous system.
or experiment.

Central nervous system

central nervous The central nervous system is the control centre of the body (Figure 1). All incoming

:Zzt:prilr:alttgr?jram messages from your environment and your responses to them are processed through your
central nervous system. The two main parts of the central nervous system are the brain and
the spinal cord.
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Cerebrum
: Cerebellum
Dl Brain stem

Spinal cord

= —— Thoracic nerves

—— Lumbar nerves

—— Sacral nerves

Figure 1 The nervous system of the body is made up of the central nervous system, including the brain and the
spinal cord (red), and the peripheral nervous system, including all other nerves of the body (purple).

Brain

The brain is the processing centre of the body and is mainly concerned with your survival.
It is a soft, heavy organ surrounded by a tough skull. The interneurons in the brain

gather information about what is going on inside and outside the body. It then compares
the information to events that have occurred previously, before making decisions about
things such as internal changes and movements. The brain is also home to your memories,
personality and thought processes.

Lobes of the brain

The cerebrum, or outer section of the brain, is divided into four lobes or sections. These cerebrum the

lobes have specific functions (Figure 2). largest part of the
. . . . . . brain; divided into

* The frontal lobe is at the front of the brain. Its functions include emotions, reasoning, four lobes called

the frontal lobe, the

movement and problem solving.
parietal lobe, the

¢ The parietal lobe manages the perception of senses, including taste, pain, pressure, temporal lobe and
temperature and touch. the occipital lobe
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¢ The temporal lobe is in the region near your ears. It deals with the recognition of sounds
and smells.

¢ The occipital lobe is at the back of the brain. It receives all the information from your
eyes. It is responsible for the various aspects of vision.

Parts of the brain

¢ The thalamus processes and carries messages for sensory information such as
information sent from the ears, nose, eyes and skin, to the cortex.

¢ The cerebellum is important in the fine control of movement, balance and coordination.

¢ The medulla is the bottom part of the brain stem and controls automatic functions such
as respiration (breathing) and digestive system activities.

¢ The brain stem sits mostly inside the brain. At its base, it becomes the spinal cord. The
brain stem is made up of three major parts — the medulla, the pons and the midbrain. The
pons assists in some automatic functions such as breathing, and also controls sleep and
arousal. The midbrain contains areas that receive and process sensory information, such
as movement and vision.

Parietal lobe
Thalamus

Cerebellum

Frontal lobe s ) Cerebrum

Occipital lobe

Brain stem
Medulla

Figure 2 Structure of the human brain. The fourth lobe of the cerebrum, the temporal lobe (not shown here), is
near the ears.

peripheral Peripheral nervous system

nervous system

all the neurons (nerve  The peripheral nervous system is a large system made up of all the nerves outside the
cells) that function
outside the brain
and spinal cord central nervous system to the rest of the body, such as the limbs and organs.

central nervous system. The peripheral nervous system carries information to and from the
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The peripheral nervous system is divided into two parts.

somatic nervous
system the part of
the nervous system
that controls the
muscles attached to
the skeletal system

e The somatic nervous system controls voluntary skeletal muscle movements, such as
waving or reaching out to take an object.

* The autonomic nervous system controls involuntary actions, which happen without
our conscious control. This includes heartbeat, digestion, respiration, salivation and
perspiration. The autonomic nervous system maintains your body’s internal environment

(homeostasis). autonomic

nervous

system the part

of the nervous

system that controls
involuntary actions
such as heartbeat,
breathing and
digestion

The autonomic nervous system also has two parts: the sympathetic division and the
parasympathetic division. These two divisions often have opposite effects. For example, the
parasympathetic division slows down the heart rate, whereas the sympathetic division speeds
up the heart rate. The systems work together to maintain a balance in the body.

Check your learning 2.4

Check your learning 2.4

Retrieve b draw something to remind you of the functions

1 Identify the two parts of the body that make up carried out in that lobe.

the central nervous system. Skills builder: Communicating

Comprehend 8 Create an information pamphlet explaining

2 Describe the role or function of the peripheral the difference between the central nervous
system and the peripheral nervous system. This
pamphlet should help students in your year level

understand the differences between and the

nervous system.

3 Describe how the peripheral nervous system and
the central nervous system work together. Use an

example to illustrate your answer.
4 Explain why, if you slipped and hit the back of
your head, everything might go black.

5 Describe the possible effect on behaviour that
would occur if a person had damage to the frontal
lobe of their brain.

Analyse

6 Contrast the somatic nervous system and the
autonomic nervous system.

Apply
7 Create a scientific diagram of the brain that
shows the four lobes. In each of the lobes:

a write the functions that are carried out in
that lobe

Oxford University Press

responsibilities of each system.

a Identify the key information. (THINK: Can
you explain the components of each system
simply? Why is this important?)

b Synthesise the information you found in
question 1 and present this information for
your target audience. (THINK: Who is your
audience? Is it age appropriate?)

¢ Create the information pamphlet.
(THINK: What is the best way to present
this information? Is the language I am using
scientific (i.e. clear and concise)? Would
including diagrams help?)
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Lesson 2.5
Challenge: Sheep brain dissection

Caution!

Wear your lab coat, safety glasses and plastic gloves.
Be careful with the scalpel because it is likely to be
very sharp. Cut away from your hands and other
people.

Aim

To explore the structure of a sheep’s brain

What yo un eed: Figure 1 Step 1: examine the top and sides of the brain.

2 Remove the pins and turn the brain over
(Figure 2). Identify the medulla and the pons.
Draw a diagram or take a photo that displays

¢ Scalpel these parts of the brain.

» Dissecting scissors

e Sheep’s brain
e Dissecting board

e Coloured pins

e Microscope

o Slide

* Cover slip (optional)
e Forceps

What to do:

1 Examine the outside of the brain. Set the brain

down so that the flatter side, with the white rimrais ot e Rt
spinal cord at one end, rests on the board Figure 2 Step 2: examine the underside of the brain.
(Figure 1). Using the different-coloured pins,

identify the two hemispheres, the four lobes of o [Plbyge s Lot valth dile Gl i plle ol

the brain, the spinal cord, the cerebellum and the cerebrum facing up. (Usc a scalpelto slice

the cerebrum. Draw a diagram (in pencil) or
take a photo that displays the different sections
of the brain. Check this with your teacher before

through the brain along the centre line, starting
at the cerebrum and going down through the
cerebellum, spinal cord, medulla and pons
(Figure 3). Separate the two hemispheres of

continuing. . . q
the brain (Figure 4). Draw a diagram or take a
photo that displays these parts of the brain.
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4 Cut one of the hemispheres in half lengthwise.
Record what you see.

5 If a microscope is available, slice a very thin
section of the cerebrum and put it on a slide,
covering it with a drop of water and a cover slip.
Draw a diagram of what you observe at low and
high magnifications. Follow the same procedure
with a section of the cerebellum, and then
compare the two sections of the brain.

o () Questions

1 Describe the texture of the brain (smooth,
rough, slippery, waxy, tacky, flimsy, chalky,
hard, soft, granular, rubbery).

2 Compare the structure of the sheep’s brain and
what you know about a human brain.

3 Contrast the cognitive functions (ability to
think and reason) of a sheep and a human.
Describe how these differences could be
reflected in the structure of the brain.

anas [T PR N . o A Fairtay

Figure 4 Step 3: separate the two hemispheres.

Lesson 2.6
Sometimes things go wrong with the
nervous system

Key ideas
— Aslipped disc can press on the nerves in the spinal cord.

— When the myelin sheath is damaged in multiple sclerosis, the movement of the body

can be affected.
— Motor neurone disease affects messages being passed to the muscles. @

Learning intentions

— Alzheimer’s disease is caused by progressive damage to neuron functioning. o
and success criteria
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Introduction

The nervous system plays a very important role in coordinating and regulating your body.
Things that can go wrong with the nervous system include the spinal cord being damaged
(paraplegia), things pressing on the nerves in the spinal cord (slipped disc), the myelin sheath
in neurons being damaged (multiple sclerosis), the motor neurons failing (motor neurone
disease) and damage to the neurons in the brain (Alzheimer’s disease).

Spinal damage

Spinal injury is a major type of injury in Australia, especially in young men. These injuries
commonly result from motor vehicle accidents, everyday falls and sports.

When the spinal cord is damaged, the messages from the neurons below the level of
injury can no longer travel to the brain. This means the individual cannot receive messages
from the sensors in this part of the body. It also means the messages from the brain cannot
reach past the injury. How much of the body is able to move after a spinal injury depends
on where the injury is in the spinal cord. If it is high up, most of the body is “cut off” from
the brain; if it is lower down, then the upper body and arms may be able to work as they
normally would.

People with severe damage to the upper part of the spinal cord have quadriplegia — they
are unable to use their arms or legs. If the injury is very high, they may even have trouble
breathing on their own. People with severe damage below the arms have paraplegia — they are
still able to use their arms but not their legs.

Slipped disc

Your backbone consists of 26 bones, or vertebrae, that
surround the nerves of your spinal cord. Between each
vertebra is a sac called a disc, which is filled with a
thick fluid, or gel, and allows the vertebrae to move.
These discs act like shock absorbers, keeping your B Spinal nerve

backbone flexible. Ruptured disc
pressing on
spinal nerve

If a disc becomes weak and puts pressure on the

nerves entering or leaving the spinal cord, this will cause

. . Lumbar
pain or numbness along the nerve (Figure 1). Treatment vertebrae

1ly invol in relief, al ith i h
usually involves pain relief, along with exercises that Normal

strengthen the muscles in the back. Occasionally, surgery healthy
is required to remove the damaged part of the disc. disc

Figure 1 A slipped disc can put pressure
on the spinal nerves. (A) X-ray of

M u |t| p | S SCl €rosis spine, showing two ruptured discs
) ) ) (B) A ruptured disc presses on the
The myelin sheath plays a very important role in spinal nerve, causing pain.

ensuring the electrical message passes along the axon
of a neuron. If the myelin sheath is damaged, the electric signal can be lost, like a broken wire
in an electric circuit.

Your immune system usually fights and kills bacteria and viral infections. In multiple
sclerosis, the immune system mistakenly recognises myelin sheath cells as dangerous, and
attacks and destroys them (Figure 2). This means messages to and from the senses (including
the eyes, skin and bladder) and the muscles become lost. Muscles can become weak, and the
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person can feel dizzy or tired, or have difficulty Dendrites

seeing properly. Most commonly, the symptoms
appear for a short time, before disappearing
completely, and then returning later on. This is

Neuron
Cell body

called a relapsing—remitting cycle.

Motor neurone disease

In motor neurone disease (also known as Synapses
amyotrophic lateral sclerosis, or ALS), the neurons
that send messages to the muscles become weak
and eventually lose function. As the muscles grow

weaker, they can cramp and become stiff. This

Nucleus
Axon

usually starts in the muscles in the legs and arms, Myelin sheath

before progressing to the face and chest. This can
affect the person’s ability to talk and, eventually,
to breathe. Neurons in the brain are also affected

Normal nerve

Damaged myelin sheath
by this disease. Scientists do not know what causes

the motor neurons to lose function. Research in
this area is continuing.

Damaged nerve

Alzheimer’s disease

Figure 2 In multiple sclerosis, damage to the
myelin sheath prevents the nerves from passing
on messages.

Alzheimer’s disease is caused by progressive
damage to the neurons in the brain (Figure 4).
This gradually affects memory, and the ability to reason or plan and carry out everyday
activities. Problems with short-term memory mean that someone with Alzheimer’s disease
cannot remember what happened a few hours ago, or what they are meant to be doing
that day.

The disease also has wider impacts. A person with Alzheimer’s disease can forget Figure 3 AFL legend
Neale Daniher was

diagnosed with motor
can become upset very easily. Symptoms can vary from day to day, depending on tiredness neurone disease
or stress. (MND) in 2013.
Daniher’s diagnosis
has increased
awareness and

where they are and how to get home. This makes life very confusing for them and they

The cause of Alzheimer’s disease is not known. Research suggests that plaques develop
around neurons in the brain, making it hard for them to transmit messages. Chemical

changes in the neurons may be caused by genetic, environmental and health factors. fundraising for MND.
“ Cerebral Extreme shrinkage
cortex of cerebral cortex Severely

enlarged
ventricles

. . Extreme shrinkage
Hippocampus Entorhinal

of hippocampus
cortex
Cross-section of Cross-section of
normal brain Alzheimer’s brain

Figure 4 Damage to the neurons in Alzheimer’s disease can cause the brain to shrink. (A) Normal brain
(B) Brain of a person with Alzheimer’s disease
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Check your learning 2.6

Check your learning 2.6

Retrieve 4 Identify another name for motor neurone

1 TReeaillihe rame af ihe fafvieinl bemes dhet disease. Describe the role motor neurons usually

make up the spine. play in a healthy nervous system.

5 Think about where you were and what you were

Comprehend doing 1 hour ago. Describe how you would be
2 Describe the role of a disc in the spinal affected if you had Alzheimer’s disease and could
column. not remember this.

3 Explain why the destruction of the myelin

. . . Analyse
sheath causes symptoms in multiple sclerosis.

6 Contrast quadriplegia and paraplegia.

Lesson 2.7
The endocrine system causes
® long-lasting effects

Learning intentions

and success criteria Key ideas
— The endocrine system uses chemical messengers called hormones to maintain control
and to regulate growth.

Check the next

; — Hormones travel through the bloodstream to receptors or target cells.
lesson for a linked

practical activity — The effects of hormones often last longer than the effects of the nervous system.
or expe”ment.

Introduction

endocrine system The endocrine system is a collection of glands that secrete (release) chemical messengers
tah“i”e“kio” Oggla”ds called hormones. The hormones are secreted directly into the bloodstream and then travel
at make an i
around the body through the blood. Some cells in the body have receptors that match the

release hormones
hormone a hormone, like a lock to a key. These cells are called target cells (Figure 1). It only takes one

chemical messenger hormone “key” to cause a change in the target cell “lock”.
that travels through

blood vessels to

target cells

target cell acell
that has a receptor
that matches a
specific hormone

92 Oxford Science 9 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 20/06/2025 under licence.

Hormones and target cells

Hormone A

Target cell for

hormone A

Hormone B

¢

¢

Target cell for
hormone B

g
‘0

Target cell for
hormone A and B

Figure 1 Hormones are chemical messengers that are the key to the target cell’s lock.

The glands and organs of the endocrine system are spread throughout the body (Table 1

and Figure 2).

Table 1 Some organs and hormones of the endocrine system

Organ

Hypothalamus

Ovaries

Testes

Pancreas

Pituitary gland

Thyroid gland

Parathyroid glands

Adrenal glands

Pineal gland

Oxford University Press

Hormone

Wide range of
neurohormones

Progesterone

Oestrogen

Testosterone

Insulin
Glucagon

Thyroid-stimulating
hormone

Antidiuretic hormone

Pituitary growth
hormone

Thyroxine

Parathyroid hormone

Adrenalin

Melatonin

Target tissue

Pituitary gland

Uterus

Body cells

Male reproductive
system, body cells

Liver, most cells
Liver

Thyroid

Kidneys

Bones, muscles

Body cells

Blood
Body cells

Skin cells

Main effects

Sends messages from nervous system to the pituitary
gland to control functions such as body temperature,
hunger, thirst and sleep patterns

Thickens wall of uterus to prepare for pregnancy

Development of female sexual characteristics; aspects of
pregnancy and foetal development

Development and control of male sexual characteristics;
production of sperm

Lowers blood glucose level
Raises blood glucose level

Changes the rate of thyroxine release from the thyroid

Increases the amount of water reabsorbed from the kidneys

Stimulates muscle growth; controls the size of bones

Affects rate of metabolism, and physical and mental
development

Regulates the amount of calcium in the blood

Increases body metabolism in “fight, flight or freeze”
response

Involved in daily biological rhythms
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Pituitary gland

Adrenal gland

Ovaries

Figure 2 The human endocrine system

Fight, flight or freeze?

If you are ever in a dangerous or frightening
situation, you may experience a “fight,
flight or freeze” response. You break out
in a cold sweat, your heart beats wildly,
everything around you seems to slow
down and your senses bombard you with
information.

Most of these symptoms are triggered
by the release of the hormone adrenalin
(also called epinephrine). Adrenalin is
constantly produced by the adrenal glands
in small doses.
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Pineal gland
Hypothalamus

Thyroid gland

Thymus

Pancreas

Kidney

Testes

Male

Figure 3 Adrenalin is responsible for the “fight, flight
or freeze” response in mammals and can help them
to survive.
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The adrenal glands are located above the kidneys. The usual function of adrenaline is to
stimulate the heart rate and enlarge blood vessels. However, when a mammal is in danger, the
hormone takes on another role. It floods the system, causing an increase in the strength and
rate of the heartbeat, raising blood pressure and speeding up the conversion of glycogen into
glucose, which provides energy to the muscles. In this way, adrenalin prepares the animal’s
body for the extra effort required should it need to defend itself (fight), run away (flight) or
hide (freeze).

Panic attacks

Sometimes the “fight, flight or freeze” response can be triggered without any obvious
reason. This means adrenalin can flood the body, causing the heart to pound, breathing to
become fast and shallow, and a flood of sensory information to stimulate the brain. When
this occurs, lights appear brighter, sounds are louder and smells are stronger. These sensory
messages can become jumbled as the brain struggles to make sense of all the information.
This combination of endocrine and nervous system responses is called a panic attack. These
symptoms are not life threatening and will eventually disappear. Support from friends and
family can help.

Check your learning 2.7

Check your learning 2.7

Retrieve Skills builder: Questioning and predicting

7 A scientist claimed that because modern society
has so many processes automated or controlled
by artificial intelligence (AI), we don’t experience
stress that may put our lives at risk. Therefore, we
no longer use the fight or flight response.

1 Name the system in your body that is responsible
for the production of hormones.

Comprehend

2 Describe what is meant by the phrase “fight,

flight or freeze” and how it relates to hormones. . . . . .
g a Identify the assumption made in this claim.

3 Describe the symptoms of a panic attack. (THINK: What is the scientist taking for

4 Explain why the endocrine system is referred to
as a communications system.

5 Explain why telling someone to “calm down”
during a panic attack will not stop their
symptoms. (HINT: Are they able to control their
hormones?)

Analyse

6 Compare a hormonal response and a nervous
response. Describe one advantage for each
system.

Oxford University Press

granted about AI?)

b Describe how we could test if someone is
stressed. (THINK: What do you expect to
happen?)

¢ Construct a scientific question that you could
use to test this claim. (THINK: Is this question
testable?)
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Lesson 2.8
Challenge: Glands and organs of the
endocrine system

Aim
To identify the path of a hormone from its gland to
the target organ

What you need:

Large sheet of butcher’s paper
Sticky tape

Felt-tipped pen

Coloured pencils or markers

What to do:

1

- 4 <

Working in pairs, draw an outline of your
partner’s body on the paper.

With your partner, draw in the glands and organs
of the endocrine system. Using the information

Pancreas Hypothalamus

e @

Testis Ovary

Figure 1 The organs of the endocrine system

96 Oxford Science 9 Victorian Curriculum

in Table 1 of Lesson 2.7 The endocrine system
causes long-lasting effects (page 93), annotate
each gland with a brief description, in your own
words, of what it is responsible for.

3 Use colour coding and arrows to show the path
of the hormone(s) produced by each gland to its
target organ.

Questions

Choose one gland or organ to research.

1 Identify the main hormone the gland secretes.

2 Describe how the hormone affects the target
cells in the target organ.

3 Describe one disorder that results from a
malfunction of this organ or gland.

Pituitary gland Pineal gland

Adrenal gland Parathyroid and
thyroid glands

Oxford University Press
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Lesson 2.9
Homeostasis regulates through

negative feedback
5 ©

Key ideas Learning intentions
and success criteria

— The body needs to detect and correct changes in its levels of nutrients, water and

temperature to stay healthy.

— The process of regulating the internal conditions of the body is called homeostasis.
Check the next

— Negative feedback occurs when the body responds in a way that removes the initial lesson for a linked

stimulus practical activity
or experiment.

Introduction

Scientists have not yet discovered another
planet that humans could inhabit.

Humans can only survive in very specific
environments. Our bodies have particular
requirements, including the right amount of
food, water and oxygen. If you were lost in

a desert or in freezing temperatures, your
body would try to maintain a temperature
of about 37°C at all times, to keep all cells
working efficiently. This “business as

usual” approach of responding to stimuli to Figure 1 Homeostasis is your body’s ability to

maintain a stable state is called homeostasis  regulate and maintain a stable condition (balance) homeostasis the
(Figure 1). inside your body, regardless of changes to the process by which the
external environment. body detects and
responds to stimuli
to ensure a stable

Homeostasis internal state is

maintained

To maintain homeostasis, your body uses a mechanism that is
similar to a thermostat in a heater. When temperature receptors
on your skin and in the hypothalamus of your brain detect
cooling down (stimulus), a message gets sent to a variety of
effectors around your body. Effectors are glands or muscles
that cause a change in the way your body functions. This may
include muscles to make you shiver (to warm up) or blood
vessels to redirect the flow of warm blood to the important
organs in your body (heart, liver and brain).

If the temperature receptors detect that you are too hot
(stimulus), then the effectors include your sweat glands and
blood vessels. Your body responds by sending more blood, Figure 2 When your body is
which is carrying heat, to your skin, where sweat is evaporating, stimulated by heat, homeostasis

. . . ensures you cool down by
carrying away the heat and cooling you down (Figure 2). sweating.
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negative feedback This a negative feedback mechanism — the stimulus causes the effectors to respond in
mechanism a a way that negates or removes the stimulus. If you are too hot, your body tries to cool you
regulatory loop in .

which the stimulus down. If you are too cold, your body works to warm you up (Figure 3).

causes aresponse

This doesn’t just work for maintaining the temperature of your body. The levels of iron
that acts in the

opposite direction in your body also need to be controlled. Every red blood cell in your body contains iron
to whatever is being molecules. If you do not have enough iron in your body, then you will not be able to make
regulated

enough red blood cells to carry oxygen for energy. Iron in the food you eat is broken down
and absorbed by the intestines. It is stored temporarily in the bone marrow (where red blood
cells are made), the liver and the spleen (where old red blood cells are broken down). If your
store of iron becomes too low, homeostasis ensures that more iron is absorbed from red meat
or some plant cells and sent to the bone marrow. Your body only absorbs what it needs.

HEAT HYPOTHALAMUS COLD

\

THERMORECEPTORS THERMORECEPTORS
send signals send signals
S . SKELETAL MUSCLES

. Abf involuntary contractions

e G—» > to produce heat
SWEATGLANDS <@ '\ ¥ 48 \
sweatingtocoolthe = § E/ p
body by evaporation ~ |

HAIR FOLLICLE [

| | GOOSEBUMPS

MUSCLES = - totrap warm air

relaxation close to the skin
BLOOD VESSELS BLOOD VESSELS
vasodilation vasoconstriction

Figure 3 Temperature homeostasis ensures that your body maintains a constant temperature.
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Hormones at work

The rate of hormone production and secretion is often regulated by a negative feedback
mechanism. If a stimulus is received that indicates something in the body is happening “too
much”, the body has receptors to detect it. The body responds by producing a hormone to
remove the stimulus and return the body to normal.

Blood glucose

As you eat, food gets broken down into smaller nutrients. All carbohydrates get broken down
into simple sugars, including glucose. These glucose molecules travel through your blood and
provide energy for cellular respiration (the reaction of glucose with oxygen to produce carbon
dioxide, water and ATT). Too much glucose in the blood is not healthy, because it causes
water to be lost from cells through osmosis. Your body tries to control the amount of glucose

in your blood.

If the concentration of glucose in your blood is
too high (stimulus), receptors in the pancreas detect
it. The receptors release a hormone called insulin
into the blood. Insulin travels throughout the body
to insulin receptors on the target muscle and liver
cells. These cells act as effectors and remove glucose
from the blood and store it as glycogen (Figure 4).

Blood sugar level

This causes the blood glucose to decrease, removing
the original stimulus. This is an example of negative
feedback.

If blood glucose levels are too low, your body Time after eating

1 hour 2 hours

will use negative feedback to restore levels to a Figure 4 After you eat, your blood glucose
homeostatic state. Low glucose levels are detected levels increase. The body’s response is to
release insulin, which causes the muscle and
liver effectors to remove the glucose and
restore homeostasis.

by receptors in the pancreas (stimulus). This time,
the hormone glucagon is released into the blood.
Receptors for glucagon are also found on

the effector cells in the liver and muscles. Pancreas receptors
respond and release insulin

Liver changes glucose
\ to glycogen

Glucagon binding to the receptors causes
the muscle and liver cells to release

stored glucose into the blood (response),

4
Y

increasing the amount of blood glucose /.
. . Glucose increases
once again (Figure 5). N

Water regulation

You may have noticed that when you

drink a lot of water, you need to visit the
bathroom in the next hour. Your body y
uses homeostasis to control the balance Glucose decreases

of water in your body. Water is needed Liver releases its

. . glycogen store as glucose
to control all the chemical reactions that

_;‘_‘Pancreas recepto
= respond
too little water, these chemical reactions and release glucagon

occur in the cells. If there is too much or

will be affected and the cells can become Figure 5 The pancreas and the liver work together to

damaged. maintain healthy glucose levels in the body.
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Brain
produces
more
ADH

D —

High volume of water
reabsorbed by kidney

The water balance in your body is tightly controlled by the hypothalamus in your brain. If
it has been a hot day, or you have been doing physical exercise and sweating, then your body
may have lost a lot of water. Receptors in the hypothalamus of the brain detect changes in
fluid levels in your blood and send a message to the pituitary gland at the base of your brain.
The pituitary gland releases a chemical messenger called antidiuretic hormone (ADH) into
your blood.

This hormone travels all around your body until it reaches target effector cells in your
kidney. The ADH binds to the receptors on the effector cells, causing them to reabsorb extra
water from your urine. This makes your urine more concentrated or darker in colour. The
extra water that was reabsorbed goes back into the blood, keeping the blood volume high.
This is a form of negative feedback, because the response (reabsorbing water from the urine
and returning it to the blood) results in a decrease of the stimulus (restoring water levels in
the blood).

Drinking a lot of water causes the blood volume to increase. This is also detected by
receptors in the hypothalamus. This time the message from the hypothalamus to the pituitary
gland is “STOP producing ADH”. The lack of ADH is detected by the effector cells in the
kidney, and they stop reabsorbing water from the urine. This means the urine has more water
in it, and it becomes very clear and diluted (Figure 6).

Water content Water content

of the blood < ~N s > of the blood
Low High
Too much salt Too much
or sweating water drunk
Water content Brain
of the blood normal
produces
A A less
ADH
Low volume of water
reabsorbed by kidney
Urine output J \ Urine output 4—/

Low High

(large volume of
diluted urine)

(small volume of
concentrated urine)

Figure 6 Water regulation in the human body
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Oxygen and carbon dioxide homeostasis

Have you ever wondered why you become puffed when running a race? Oxygen and carbon
dioxide in the blood are under strict homeostatic control. You need oxygen for the cells in f
your body to convert glucose into carbon dioxide, water and energy (cellular respiration).

Sprinting during a race causes the muscle cells in your legs to use a lot of glucose %
and oxygen and to produce a lot of carbon dioxide. The muscle cells release the carbon i
dioxide into the blood, where it forms carbonic acid. This is not good for your body. The !
acid content of the blood is measured by receptors in the medulla in the brain stem. If the L :
level is too high from excess carbon dioxide, a message is sent through the nervous system X
to the muscles that control your breathing. This causes the diaphragm to move faster, \’g gﬁ

e

increasing the rate of your breathing and making you feel puffed. The message also goes ‘
to the heart to make it beat faster. This makes the blood move faster, carrying the carbon
dioxide to the lungs where it can be removed by breathing out. These two responses

Figure 7 Water levels
in the body need to be
controlled to support

act as negative feedback, removing the stimulus of high levels of carbon dioxide in the the chemical reactions

blood (Figure 8). that occur in cells.
Meditation often involves sitting or lying down and relaxing. This means the level

of cellular respiration in muscles is low. Little oxygen is used and little carbon dioxide is

produced. As a result, the levels of carbon dioxide in the blood decrease. The receptors in the

medulla once again detect the change from the homeostatic state and signal the heart to slow

its beat and the lungs to slow their breathing (Figure 9).

Figure 8 After a race, you may be puffed. Figure 9 When you meditate, the carbon dioxide levels

in your body decrease.
Check your learning 2.9

Check your learning 2.9

Retrieve 4 Describe how your blood sugar level changes

1 Define the term “homeostasis”. when you eat.

2 Identify the stimulus, location of receptors, 5 Describe how your body responds to low

effectors and response to high body iron levels.

temperature. Analyse
Comprehend 6 If a negative feedback loop reduces the effect of
3 Describe how your body responds to cold a hormone, infer what a positive feedback loop
SEREE. should do. >
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<Apply

7

Discuss how and why your body responds to the
following:

a drinking a bottle of water

b swimming 15m under water

¢ swimming in the ocean on a cold day.

In type 1 diabetes, cells in the pancreas are unable
to produce insulin. Predict what effect this
would have on blood glucose levels. Justify your
prediction by providing reasons for your decision.

Skills builder: Planning investigations

9

To investigate homeostasis in humans, scientists
may need to test body responses including
temperature and heart rate.

a Identify what equipment you would need to
measure temperature in humans. (THINK:
What is the best device to use?)

b Explain whether taking someone’s pulse with
your fingers would be as successful as using
a device, such as a smart watch. (THINK:
What could go wrong measuring a pulse with
fingers? Are the results from a device more
accurate?)

Lesson 2.10
Experiment: Experiencing homeostasis

Aim

To demonstrate how homeostasis maintains control

of the heart rate during and after exercise

Materials

Stopwatch
Heart rate monitor (optional)

102 Oxford Science 9 Victorian Curriculum

¢ Recall why it is important to use the
appropriate device to measure a body
response. (THINK: How might the wrong

9

y.
L9

~$

device impact your results?)

Figure 10 Digital thermometer

Method

1 While sitting down, find your pulse and count the
number of times your heart beats in 15 seconds.

2 Multiply this number by 4 to determine the
number of beats every minute.

3 Measure your breathing rate by counting the
number of breaths you take in 1 minute.

4 Do repeated step-ups or star jumps for
2 minutes. (Make sure you are wearing
appropriate shoes.)

Oxford University Press
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5 Measure your heart rate and breathing rate
immediately after stopping exercise.

6 Measure your heart rate and breathing rate
every 2 minutes for 10 minutes. 7

exercise started and immediately after finishing
the exercise. Compare this to the median and
mode values at these times.

Identify any outliers of the mean heart rate
after exercise. Explain how these affected the
mean value.

Results : .
8 Identify any random or systematic errors that
1 Record the data in a table. could explain the outliers and how this could be
2 Draw a line graph showing how your heart rate improved if the experiment was repeated.
varied after exercise. 9 Use the concept of homeostasis to explain why
3 Draw a line graph showing how your breathing your heart rate was different before, during and
rate varied after exercise. after exercise.
Discussion Conclusion
1 Describe how you could ensure that the way Describe how homeostasis ensures that our
you measured your heart rate and breathing rate muscles get enough nutrients and remove wastes
was accurate. during exerCise.

2 Describe how your breathing rate changed
during exercise and in the 10 minutes after
exercise.

3 Describe how your heart rate changed during
exercise.

4 Explain any changes you noticed in your
breathing rate and heart rate.

5 Describe what happened to your heart rate in
the 10 minutes after exercise.

6 Compare your results to others in your class. Figure 1 Heart rate monitor on a smart watch

Determine the mean heart rate before the

Lesson 2.11

Sometimes things go wrong with

homeostasis

Key ideas

— Negative feedback can be disrupted.

— Type 1 diabetes is caused by the disruption of glucose homeostasis. @

Learning intentions

— Becoming too cold (hypothermia) can disrupt homeostasis.
and success criteria
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type 1 diabetes an
autoimmune disease
in which the immune
system attacks the
insulin-producing
cells in the pancreas

hyperglycaemia
when there are high
levels of glucose in
the blood which can
occur when the body
has too little insulin

hypoglycaemia
when there are low
levels of glucose in
the blood which can
occur when the body
has too much insulin
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Introduction

Homeostasis is important in maintaining the health of your body. When it malfunctions,
it can cause other parts of the body to stop functioning properly. If undetected, it can even
cause death.

Type 1 diabetes

Diabetes mellitus (type 1 diabetes) is a disease caused when a single hormone (insulin)
cannot be produced by the body. As discussed in Lesson 2.9 Homeostasis regulates through
negative feedback (page 97), when a person eats, many of the foods are broken down into
simple sugars, such as glucose. The glucose is absorbed into the blood stream. If the level of
glucose in the blood stays too high, it can cause problems, so the body relies on the release of
insulin to remove the glucose and store it in the liver and muscle cells.

Some people are unable to produce insulin because their body has destroyed the pancreas
(beta) cells that detect blood glucose levels and produce the insulin. This means that the
body is unable to remove the glucose from the blood. When the level of glucose in the blood is
not regulated, it can disrupt other functions in the body. Approximately one person in every
183 people between the ages of 0 and 24 has type 1 diabetes. The average age of onset is
13 years old.

Hyperglycaemia

When the beta cells are destroyed, the amount of glucose in the blood increases to beyond
normal levels (4.0 to 7.8 mmol/L). This is called hyperglycaemia (hyper — too much,
glycaemia — sugar concentration). As the amount of glucose increases, the body tries to
remove the sugar in other ways. It can be released in the mouth saliva, causing fruity-smelling
breath. It can also cause the mouth to feel dry because the extra sugars pull water from the
surrounding tissues.

High blood glucose also affects the kidneys, causing more urine to be produced. This
means a person with hyperglycaemia will need to urinate more often. Because they are losing
more water in the urine, a hyperglycaemic person will be thirsty all the time. They may
feel that they need to drink many litres of water each day. They may also feel tired, have a
headache or experiene blurred vision. If the hyperglycaemia is not treated, they may become
confused and fall into a coma.

Hyperglycaemia can be controlled by replacing the insulin in the body with an injection
or via an insulin pump. This artificial insulin works the same way as the body’s normal
hormone, causing the liver and muscle cells to take in the glucose.

Hypoglycaemia

Hypoglycaemia (hypo — too low, glycaemia — sugar concentration) occurs when the amount
of glucose in the blood becomes too low. This can be caused by not eating enough, or by
injecting too much insulin into the body. This causes the liver and muscle cells to remove too
much glucose from the blood.

If the amount of glucose in the blood becomes too low, the body will not be able to use
glucose to produce energy. This can cause sweating, clamminess, headaches, confusion,
tiredness and difficulty speaking. If it is not treated, the person may pass out and could
eventually die.

Mostly, hypoglycaemia can be treated simply by consuming glucose-rich foods and drinks
like jelly beans and apple juice.
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Blood sugar technology

A person with type 1 diabetes needs to be aware of their blood glucose levels so that they
can control them through diet and administration of insulin. If blood sugar levels are not
controlled, it can cause long-term effects, from kidney damage to blindness. A regular finger-
prick test can test the amount of glucose in a drop of blood.

Technology has made it easier for people with type 1 diabetes to maintain near-normal
blood glucose levels. Continuous glucose monitors are inserted into the abdomen or arm
of the person (Figure 1). This technology can automatically check blood glucose levels
and send the information to an app on the person’s phone. An alarm will notify the person
if their glucose level is too high or too low. They can then administer insulin or eat some
glucose-rich foods.

People with type 1 diabetes can also access insulin pump technology that automatically
releases insulin into the body (Figure 2). The amount of insulin delivered depends on
how much food the person tells the pump they will eat and information about their blood
glucose level sent to the pump from their continuous glucose monitor. The use of the
monitors and pumps allows people to regulate their blood sugar effectively to achieve
glucose homeostasis.

—

Figure 1 Continuous glucose monitors can be used to Figure 2 Insulin pumps can be programmed to inject
automatically detect the amount of glucose in the blood.  insulin automatically.

Hypothermia

Hypothermia (hypo — too low, thermia — temperature) is caused by the body’s temperature hypothermia the
becoming too low. This can be caused by situations such as wearing clothes that are not condition of having an

. . . . . . abnormal, potentially
warm enough, staying out in the cold (especially in wet clothing) or being in cold water for dangerous, low body
too long. temperature

When the body’s temperature starts to drop, homeostasis will cause the muscles to start
moving and the body will start to shiver. The blood moves away from the skin (making
it pale) and stays in the important organs, such as the heart, liver and brain. If the body
continues to cool below 35°C, the person may become clumsy, slur their speech and become
confused (Figure 3). Eventually, there will not be enough energy for the body to keep
shivering, and confusion may cause the person to think they are warm again. This is when
hypothermia becomes most dangerous, because the body temperature will drop quickly
below the life-threatening 32°C.

It is important not to treat hypothermia by putting the person in a warm shower, heater
or bath. This can cause the cold blood near the skin to rush back to the heart and brain,
causing the person to become even colder. Instead, the person should have wet clothing
removed and be warmed up slowly with warm blankets, wrapped warm water bottles or
skin-to-skin contact.
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Feeling cold

Figure 3 Early warning signs of hypothermia

Check your learning 2.11
Check your learning 2.11

Retrieve
1 Define the following terms.
a Hypoglycaemia
b Hyperglycaemia
¢ Hypothermia
2 Recall what causes type 1 diabetes.

Comprehend
3 Describe how your body responds to high blood
glucose levels.

4 Describe how your body responds to low blood
glucose levels.

5 Describe how your body responds to extremely
low temperatures.
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Irratlonal behav1our

Gl m#im‘.’.

Slurred speech

Slowed heart rate

Clumsiness

6 Describe why drinking apple juice can help a
person with hypoglycaemia.

7 Explain why you should not put a person with
hypothermia in a hot bath to warm up.

Apply

8 Identify if it is one or more of the stimulus, the
receptors or the effectors that is lost in type 1
diabetes. Justify your decision (by identifying the
stimulus, the receptor and the effector in blood
glucose homeostasis, describing the function of
each in blood glucose homeostasis and comparing
this to the effect of type 1 diabetes).
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Lesson 2.12

Science as a human endeavour:
Hormones are used in sport

Key ideas
— Erythropoietin is a hormone that causes more red blood cells to be produced.
— Chemicals can be used to mimic hormones in the body. @

— Increasing the number of red blood cells in the body can artificially enhance an

athlete’s performance. Learning intentions
and success criteria

Introduction

Erythropoietin is a hormone normally produced by the kidneys to increase the number of
red blood cells in the body. Athletes can use this version of a negative feedback mechanism
naturally or artificially to increase their performance on the sporting field.

Many athletes and sporting clubs spend
months training high in the mountains to
help their performance in competitions
(Figure 1). The air in the mountains is
much thinner. Although the air still contains
21 per cent oxygen, it is harder for a person
to fill their lungs as the particles in the air
are spread out further. As a result, when a
person first arrives at high altitude, their
body struggles to get enough oxygen. This
can make them feel tired, because they are
unable to burn glucose in aerobic cellular

Figure 1 Training at a high altitude can increase an
respiration. athlete’s performance.

Negative feedback in action

The body normally produces just enough red
blood cells to carry oxygen around the body.
When red blood cells die, erythropoietin is
produced by the kidneys. The erythropoietin
travels through the blood to receptors

in the bone marrow. The effector bone
marrow cells then produce more red blood
cells to replace the ones that have been lost

(Figure 2).
Exercising at a high altitude stimulates
the body to react as though there are not Figure 2 Erythropoietin increases the production of
red blood cells. >
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enough red blood cells to carry oxygen to the muscles. Erythropoietin is produced, causing
the bone marrow to make extra red blood cells. It takes about 3 weeks for the extra cells

to become noticeable. When the athlete returns to sea level to compete, the red blood cells
remain active for up to 1 month. This means the athlete’s blood is more efficient at carrying
oxygen to muscles, making the athlete less likely to become fatigued (tired). Training at a
high altitude uses the negative feedback mechanism to the athlete’s advantage.

Drug testing

Some athletes bypass high-altitude training
and inject erythropoietin directly into

their blood. This is called blood doping
(Figure 3). Because the amounts of hormone
introduced into the blood are not controlled,
it can cause an over-production of red blood
cells, which strains the heart. The athlete is
at risk of a heart attack or a stroke.

Erythropoietin was first synthesised Figure 3 In 2013, Lance Armstrong admitted to
in the laboratory in the 1990s but it injecting erythropoietin to help him win world
. cycling events.
was 10 years before drug testing could yeune
distinguish the artificial hormone from naturally occurring erythropoietin. In 2002, at the
Wainter Olympic Games in Salt Lake City, United States, the first athlete was identified as

having a version of erythropoietin in their urine and blood.

Medical uses of erythropoietin

Erythropoietin is produced in the kidneys.
Any disease that affects kidney function will
also affect the production of erythropoietin.
As a result, a person with kidney disease
will also have low levels of red blood cells.
This is called anaemia. Symptoms of
anaemia are a pale appearance and feeling
tired when exercising (Figure 4). Regular
injections of erythropoietin will increase the

production of red blood cells and improve
the person’s health.

Figure 4 Anaemia can make you feel tired when
exercising.

Test your skills and capabilities

Evaluating the ethics in sports

Sporting competition prides itself on fairness for all competitors. There are many ways to
improve an athlete’s chances of winning a competition, including training, special diets,
shaving body hair and wearing special clothing that reduces air resistance. Some athletes
undergo surgery to improve their ability to compete. This can include a golfer having laser
eye surgery. A runner who has asthma is allowed to use a Ventolin inhaler, but other athletes
are not permitted to use hormones to speed their recovery from an injury.
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Evaluate the ethics of cheating in sports by deciding which of the following situations
should be allowed and which should be banned. In each situation, justify your decision (by
describing how the athlete would be advantaged, describing the potential dangers to the
athlete, describing whether all athletes would have equal access, and deciding whether the
situation could be described as cheating).

An athlete takes a dietary supplement that maximises their performance.

[

A swimmer wears an expensive swimsuit that minimises water resistance.

W

An athlete has genetically modified muscles.

B

An athlete takes hormones that increase recovery after injury by increasing muscle mass.

Lesson 2.13
Review: Control and regulation

summary
Lesson 2.1 Receptors detect stimuli Lesson 2.4 The central nervous system controls
our bod

*  Your body has receptors that detect changes y
(stimuli) in the environment. ¢ Humans are constantly receiving stimuli from

+ The five main types of external receptors detect their environment through the peripheral nervous
light, sound, chemicals in the air and in your system.
mouth, and touch. ¢ Neurons use electrical messages that are passed

along to neurons in the brain and spinal cord that
Lesson 2.2 Nerve cells are called neurons
make up your central nervous system.
e Neurons are cells in our body that enable messages

to be passed quickly. Lesson 2.6 Sometimes things go wrong with the

] nervous system
* A change is detected by the receptor and an

electrical message is passed along the neuron to the * Aslipped disc can press on the nerves in the
synaptic terminal. spinal cord.
e Chemical neurotransmitters pass the message *  When the myelin sheath is damaged in multiple
across the gap to the next neuron. sclerosis, the movement of the body can be affected.
¢ The myelin sheath protects parts of the neuron and * Motor neurone disease affects messages being
increases the speed of messages being sent. passed to the muscles.

¢ Alzheimer’s disease is caused by progressive

Lesson 2.3 The nervous system controls reflexes .
damage to neuron functioning.

* Receptors in the nervous system detect a stimulus

. Lesson 2.7 The endocrine system causes long-
and pass it on to control centres.

o lasting effects
* The control centres initiate a message to the

effectors, which causes a response. ¢ The endocrine system uses chemical messengers
« Reflexes are special pathways that allow a response called hormones to maintain control and to regulate

to occur before the brain has time to think. growth.
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¢ Hormones travel through the bloodstream to
receptors or target cells.

e The effects of hormones often last longer than the
effects of the nervous system.

Lesson 2.9 Homeostasis regulates through negative
feedback

e The body needs to detect and correct changes in
its levels of nutrients, water and temperature to stay
healthy.

* The process of regulating the internal conditions of
the body is called homeostasis.

* Negative feedback occurs when the body responds
in a way that removes the initial stimulus.

Review questions 2.13

Review questions: Module 2

Retrieve

1 Identify which of the following is the stimulus.
A A target cell that has a receptor
B A hormone released into the bloodstream
C A change in the environment that disrupts
homeostasis

D A response by the body that restores the
homeostatic balance

2 Identify which of the following organs produce
insulin.
A Pancreas
B Liver
C Hypothalamus
D Muscle
3 Identify which of the following is not part of the
nervous system.
A Axon
B Dendrite
C Hormones

D Chemical messengers
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Lesson 2.11 Sometimes things go wrong with
homeostasis

¢ Negative feedback can be disrupted.

¢ Type 1 diabetes is caused by the disruption of
glucose homeostasis.

¢ Becoming too cold ¢hypothermia) can disrupt
homeostasis.

Lesson 2.12 Science as a human endeavour:
Hormones are used in sport

¢ Erythropoietin is a hormone that causes more red
blood cells to be produced.

¢ Chemicals can be used to mimic hormones in
the body.

¢ Increasing the number of red blood cells in the body
can artificially enhance an athlete’s performance.

4 Define the following terms.
a Stimulus
b Homeostasis
¢ Negative feedback

5 Identify the missing labels for the parts of a neuron
in Figure 1.

Cell body (soma)

2]

—
Direction of\‘
impulse
Axon P ‘j

Synaptic terminal
(axon terminal)

L]

Figure 1 A typical neuron

6 Identify the four lobes of the brain and state their
functions.

,\

Figure 2 The cerebrum (the largest area of the brain) is divided
into four lobes.
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7 Identify the early warning signs of hypothermia
that are missing in Figure 3.

D B s, # £/
h DA
- AL

Irratlonal behav10ur :

Clumsiness

Figure 3 Early warning signs of hypothermia

8 Name two glands in humans that produce
hormones.

9 Identify the missing words in the following
sentence. A person with diabetes has a problem
with the hormone
the

, which is secreted by

Comprehend

10 Describe three ways the human body can receive a
stimulus from the environment.

11 Explain why the nervous system and the endocrine
system are both described as communication
systems.

12 Describe how hormones are transported in
the body.

13 Describe three major features of an axon.

14 Describe how drinking a sugary drink can cause
the release of insulin into the blood stream.

15 Explain why it is important to regulate the
temperature of the body.

16 Explain how the hormone ADH helps to regulate
the amount of water in the body.

17 Use an example to explain how a negative
feedback mechanism works.

18 When a person drinks a litre of water, their
body produces extra urine. Use the concept of
homeostasis to explain why.

Oxford University Press

Figure 4 Drinking water after exercising is an important part of
homeostasis.

19 Explain how the endocrine system assists your
body to “respond to the world”. Explain why your
body also needs a nervous system.

20 Explain why holding your nose might help you to
swallow something that tastes awful.

21 In Canada in 2006, a woman fought off a polar bear
with her bare hands when it attacked her son. She
literally wrestled the bear and won! Explain why
this reaction could be attributed to the hormone
adrenalin.

22 Reflexes are automotive responses by the body that
help the survival of an individual. Select one of
the reflexes described in Lesson 2.3 The nervous
system controls reflexes (page 82). Describe
a situation where this reflex would increase the
chances of survival.

23 Describe how your body controls the level of iron
in your body.

Analyse

24 Compare the way your body responds to high
temperatures and low temperatures.

25 Contrast the roles of the somatic and autonomic

nervous systems.

26 Contrast hyperglycaemia and hypoglycaemia.

Apply
27 Caffeine can reduce feelings of tiredness and

fatigue. Describe how caffeine could benefit
someone competing in an endurance sport.
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28 High levels of sugar in the blood can cause water to
move from the surrounding tissues into the blood.
Use this information to explain why people with
uncontrolled type 1 diabetes are at risk of losing
their vision.

29 Scientists working in the Antarctic experience the
coldest and driest environment on Earth. Explain
the way this environment could impact their
bodies and suggest a way they could change their
behaviours to minimise this impact.

Critical and creative thinking

30 Create a cartoon strip with at least five squares,
illustrating a person receiving a stimulus and then
responding.

31 Create a visual presentation on the role of the
pancreas in controlling the level of glucose in
the blood.

32 Alcohol blocks the production of ADH. Use critical
thinking to predict the effect this will have on
urine volume.

Social and ethical thinking

33 A person with Alzheimer’s disease can often forget
what has happened in the past 30 minutes. An
example of this is forgetting they have already eaten
their lunch. This means the person can become
very frustrated and upset if they think they are
being refused food. Their carers may explain (many
times) that the person has already eaten, but this
can upset the person more, because they think they
are being lied to. Other carers may lie to the person
and say that lunch will be ready in five minutes.
This settles the person, who will often forget about
eating in that time. Determine which approach
you would use. Justify your decision by describing
the factors you considered when making your
decision.

34 Scientists have been working for over 50 years to
make it easier for people with type 1 diabetes to
control their blood sugar levels. There are two parts
to this process:

* monitoring the level of glucose in the blood, and
e injecting the required amount of insulin as it is
needed.

The integration of these two processes would provide

an artificial replacement to the pancreas. There are

many ethical issues that arise from these separate
processes including who has access to the monitoring
data (child, young adult, parents, doctors, nurses or
other medical specialists); who has duty of care to
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check that the data is correct; and who is liable if either

the monitor (one company) or insulin pump (second

company) malfunctions.

¢ Describe how a glucose monitor works and how an
insulin pump works.

¢ Describe the data that they need to function.

« Explain the consequences if one of these processes
were to fail.

¢ Explain why the medical companies may be
reluctant to combine these two processes.

¢ Research why and how people have volunteered
for a project like this.

Research

35 Choose one of the following topics for a research
project. A few guiding questions have been
provided, but you should add more questions that
you wish to investigate. Present your report in a
format of your own choosing.

Leprosy

Leprosy is an old disease that is described in

many ancient texts. Investigate how an infection

of Mycobacterium leprae can affect a person’s
ability to feel pain stimuli.

« Explain why the ability to detect pain is
important for the normal healthy functioning
of the body.

¢ Describe a possible consequence of not
detecting pain when cooking.

¢ Compare the modern treatment of leprosy
to the treatment of lepers (people infected
with Mycobacterium leprae) 100 years ago.

Figure 5 Leprosy is a curable disease that still occurs in
more than 120 countries.
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Diabetes insipidus

Diabetes insipidus is a disease that is caused by

a lack of antidiuretic hormone (ADH). This can

affect the body’s ability to control the level of

water in the body. There are two possible causes
for diabetes insipidus: an inability to produce the
hormone ADH or an inability for the receptors
in the kidney to respond to ADH.

e Describe the symptoms of diabetes
insipidus. Use your knowledge of the
hormone system to compare these two
causes.

» Investigate and describe the treatment
for this disease.

Bionic ears and eyes

Professor Graeme Clark was instrumental in

the development of the cochlear implant. This

device is able to detect soundwaves through a

receiver worn just behind the ear (Figure 6).

The information is transmitted to the cochlea,

inside the ear, where the message can be passed

on to the sensory nerves going to the brain.

¢« Compare the human-made cochlear
implant to the way information is normally
detected and transmitted by nerves.

¢ Investigate the bionic eye project.

¢ Identify and describe the way light is
detected and the information transmitted to
the part of the brain responsible for decoding
the information.

¢ Investigate why it may take time for the
brain to learn to interpret these new signals.

p |

-

Figure 6 A cochlear implant passes sound signals from the
processor behind the ear, to the round transmitter, and to
electrodes that have been implanted in the cochlea.
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Module

Infection and
disease

Overview

Infectious diseases are caused by bacteria, viruses,
fungi and parasites. To control these diseases, we
use hygiene, quarantine, medical treatments and
public education. Protections such as handwashing,
masks and isolation help stop the spread of the
infection. Non-infectious diseases such as cancer,
diabetes and Alzheimer’s can be caused by various
factors, including genetics, age and lifestyle.

Diseases introduced by Europeans, like

smallpox, were especially harmful to Aboriginal
Peoples because they hadn’t been exposed before
and had no immunity. Investigating these topics

can help us understand and prevent diseases in
the future.
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Lessons in this module

Lesson 3.1 Non-infectious diseases can be affected
by genetics or the environment (page 116)

Lesson 3.2 Challenge: Modelling cardiovascular
disease (page 121)

Lesson 3.3 Challenge: Modelling the effects of
genetics on heart disease (page 122)

Lesson 3.4 Science as a human endeavour:
Pathogens cause disease (page 123)

Lesson 3.5 Experiment: Investigating germ
theory (page 127)

Lesson 3.6 Identification of pathogens allows the
treatment of infectious diseases (page 128)
Lesson 3.7 Transmission of infectious diseases
can be prevented (page 132)

Lesson 3.8 Challenge: Testing the effectiveness
of washing hands (page 137)

Lesson 3.9 The immune system protects our
body in an organised way (page 138)

Lesson 3.10 Vaccination produces memory cells
(page 141)

Lesson 3.11 Challenge: Modelling infection and
vaccination (page 144)

Lesson 3.12 Sometimes things go wrong with the
immune system (page 145)

Lesson 3.13 Review: Infection and disease
(page 148)
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Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

disease a
disruption or
change in the
normal structure
or functioning of an
animal or plant
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Lesson 3.1

Non-infectious diseases can
be affected by genetics or the
environment

Key ideas
— Infectious diseases can be passed from one person to another.
— Damage can accumulate as the body ages, causing disease.

— Too much or too little nutrients can cause disease.

Diseases

A healthy animal relies on their body doing many activities without them even noticing. Their
lungs breathe in and out, their heart beats, and their digestive system digests food to supply
nutrients to the cells from their head to their toes.

Sometimes the normal everyday activities that occur in the body are changed, causing
some parts to stop functioning in a normal healthy way. This disruption in the normal
functioning of a body is called a disease. There are many different types of diseases. Some
diseases can be passed from one person to another (infectious), while other diseases are
caused by age, a lack of the right nutrients, factors in the environment, or the way an animal
or person lives (non-infectious).

Some diseases have the same name but can have many different causes. Epilepsy is a
brain condition that results in recurring seizures. Seizures can look very different depending
on the part of the brain and the size of the
area affected. While some people suffering a
seizure may stare blankly for a few seconds,
others might twitch their arms and legs in
a convulsion. Seizures can be caused by
injuries to the head, infections in the brain,
or abnormal arrangements of blood vessels
or cells in the brain. Because there are
different causes of epilepsy, there are also
many different ways to treat it, including
medication, surgery and diet.

Figure 1 Discases are diagnosed and treated by the
medical profession.

Non-infectious diseases

Every living thing has a unique set of genetic material called DNA. You received half your
DNA from your mother, and half from your father. This genetic material that is present in
almost all of the cells in your body (except the red blood cells) controls the way the cells,
tissues and organs in your body react to the environment. If your parents have brown eyes,
there is a strong chance (but not certain) that you will also have brown eyes. If you are tall, it
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may be that your parents are tall and that you received good food and nutrients to grow. The
normal healthy functioning of your body is a result of the genetic material that you inherited
and the healthy environment that you live in.

Unfortunately, things can go wrong with both the genetic material and the environment.
This can affect the normal function of your body and cause a non-infectious disease.

Age
As a plant or animal grows older, their body ages. This means parts of the body stop
functioning normally. This can be due to changes in the genetic material that cause cells to
grow abnormally. Cancer is caused by normal cells that change so they will not die, and these
changed cells will keep making copies of
themselves. As the number of cancer cells
keeps increasing, they take up more and
more space in the body. This can stop other
parts of the body from doing their normal
healthy work. The body becomes diseased
because it cannot function normally. For
example, cancer cells growing and taking
up space in the liver can stop the liver from
removing toxins and waste from the blood.
As a result, the toxins and waste can build

Figure 2 Jaundice (yellowing of the skin and eyes) is
caused by a diseased liver.

up in the body, causing the skin and eyes to
have a yellow tinge (jaundice) (Figure 2).

Sometimes ageing genetic material will cause a group of cells to die. This is what can
cause Alzheimer’s disease. As a person ages, the cells in their brain can become damaged,
changing the normal way a brain works. This can cause a person to stop making new
memories or to be unable to think clearly.

While the way that cells age in the body cannot be stopped, it can sometimes be slowed by
a healthy lifestyle. Eating healthy food and getting regular exercise can help slow the rate the
body ages. Unfortunately, many non-scientists can use this idea to make claims that are based
on pseudoscience (claims that are not tested scientifically).

Malnutrition

Malnutrition is another factor that can lead to disease. It is caused by eating too much or
too little food, or an imbalance of the type of nutrients the body needs. Nutrients are the
chemical molecules that are taken in by the roots of a plant or eaten by animals. Too little
nutrients, or not enough of one type of nutrient, can mean the body does not have enough
essential molecules to repair damage or to produce new cells. This means a person will feel
tired or weak, and they will not be able to grow, fight an infection or repair damaged parts of
their body. If the body does not have enough nutrients from food to keep the lungs working
or the heart beating, it will start to break down the muscles and other organs in the body and
repurpose the nutrient molecules to keep the body alive.

Sometimes too little of a single nutrient can also cause a disease. Most people are able to
make vitamin D when their skin is exposed to short amounts of sunshine each day. Some
people who have naturally dark skin or avoid sunshine (through clothing or sunscreen) may
have very low levels of this vitamin. Other people have a change in their genetic material that
means they have trouble making this nutrient. Both these groups of people can end up with a
disease called rickets, which can cause their bones to have very slow growth and break easily.
Rickets can also cause their legs to become bowed outwards (Figure 3).
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non-infectious
disease adisease
that cannot be
passed between
plants or between
animals

pseudoscience a
claim that has not
been tested using the
scientific method

malnutrition a
condition caused

by too much or too
little nutrient intake,
or an imbalance of
essential nutrients
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Figure 3 Too little vitamin D can affect the way bones in the legs grow.

Some people try to avoid vitamin deficiency by taking regular vitamin supplements
(tablets or pills with extra vitamins). In some countries, pseudoscientific claims that everyone
needs to take these supplements can result in one vitamin being in excess. Sometimes
the extra nutrient can build up in a body and cause a disease. For example, vitamin A is
important in the normal functioning of the body but too much can cause dry, itchy skin;
headaches; dizziness; and slow bone growth.

Disease can also result from eating more than your body needs to keep your heart, lungs
and muscles working. The excess nutrients from the food are often stored in the body as fat.
If the increased nutrients are stored as cholesterol plaques in the blood vessels, it can affect the
heart’s ability to move blood around the body (Figure 4). This is called cardiovascular disease.

If the excess nutrients are largely sugars it can cause type 2 diabetes. Like type 1 diabetes,
type 2 diabetes can cause the body to feel thirsty or tired, affect eyesight, and prevent the
body from repairing damaged tissue.

Figure 4 Cholesterol plaques can block the normal flow of blood around the body and cause the heart to work harder.
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Environment and lifestyle

Some non-infectious diseases are caused by factors in the environment or the way people live.
Australia has one of the highest levels of skin cancer in the world, caused by the high levels

of sunshine containing UV radiation. Small doses of sunshine keep us healthy; however,
large doses of UV radiation can damage the genetic material (the DNA) in the skin cells and
cause sunburn.

DNA controls all parts of a healthy cell, including how big it grows, its interactions with
other cells and how often it makes a new cell. While most DNA damage is repaired, too much
damage (sunburn) can cause a cell to grow and multiply in an uncontrolled way (cancer).

As many Australians spend a lot of time in the sunshine without sunscreen, the rate of skin
cancer disease is much higher in Australia. Since public health campaigns in the 1980s that
promoted sunscreen use, the incidence of melanoma — the deadliest form of skin cancer —
have declined. Consistently using sunscreen, wearing protective clothing and limiting sun
exposure are crucial steps in reducing the risk of skin cancer.

ldentifying non-infectious diseases

Non-infectious diseases cannot be passed from one person to the next. Despite this, some
of these diseases can appear more common in one area than another. For example, a disease
cluster (group of people living in a similar location) might suggest that there is a common
cause for a particular disease. Once a disease cluster is identified, scientists and medical
professionals will start looking for the potential cause. An example of this is the sudden
increase in cases of silicosis in stone workers since the year 2000 (Figure 5).
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Figure 5 A cluster of silicosis cases in manufactured stone workers was identified in NSW.

Silicosis is a disease that is caused by breathing in small bits of silica dust. Silica is a
mineral commonly found in sand and other types of rock. This disease was common in
mining workers in the mid-1900s, but it decreased with improvements in workers’ safety
procedures, such as increased air flow and wearing facial masks. However, in the early
2000s, clusters of silicosis cases were identified in people who worked in the production of
manufactured stone benchtops for kitchens and bathrooms. Breathing in the small silica
fibres produced during the construction of the benchtops was found to cause difficulty
breathing and has also been linked to cancer in other organs of the body. Many companies
banned the manufacture of these benchtops in 2024.

Another disease caused by environmental factors is asbestosis. This disease is caused by
breathing small naturally occurring mineral fibres that are resistant to heat and corrosion —
qualities that made them ideal for use in commercial insulation and fireproof products in
the 1900s. The disease was detected when clusters of people working in asbestos mines
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(and their families) started developing lung disease. It was later discovered that these fibres
can cause irreversible scarring in the lungs and result in shortness of breath and eventual
death. While the use of asbestos was banned in Australia in 2003, it is still present in
many buildings.

Not all clusters of a non-infectious disease have a direct cause. Cardiovascular disease
is one of the most common causes of death in Australia. It refers to a group of diseases
that affect the functioning of the heart and blood vessels of the body, from preventing
blood flowing through the heart muscle to causing blood clots in the legs or arms. People
who have unhealthy diets, low levels of physical exercise, drink alcohol or smoke are
more likely to develop cardiovascular disease. In some areas, there are more people with
cardiovascular disease than others. This does not mean there is a direct cause for the
cluster. Instead, there may be more people with an inactive, high-stress and poor-diet
lifestyle living in the area.

Check your learning 3.1

_ Check your learning 3.1 Coronary heart disease top cause of death for men
Number of deaths in 2023

Retrieve . Men Women
1 Define the following terms. Ischaemic heart disease 16,922

a Disease Dementia including Alzheimer's 16,685

b Infectious disease Stroke 9,359

.. Lung cancer 8,976
¢ Malnutrition =
Chronic lower respiratory diseases 8,359

Comprehend Diabetes 5,942
2 Describe how age can contribute to Bowel cancer 5,495

a non-infectious disease. Blood and lymph cancers Sl

COVID-19 5,001

Ana Iyse Urinary diseases 4,533
3 Compare (the Slmllarltles and Source: ABS, Causes of Death, Australia, 2023

differences between) infectious disease Figure 6 The leading causes of death in Australia in 2023
and non-infectious disease.

Compare pseudoscience and science.

Apply

5 Figure 6 shows the leading causes of death .
6 Describe an example of pseudoscience.

in Australia in 2023. Explain why the level of:

- s 1 .
a dementia is increasing as Australians start 7 Explain how a person’s diet can contribute to

living longer disease.
b cardiovascular disease decreases as people
improve their lifestyle
¢ lung cancer decreases as fewer people smoke

cigarettes.
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Challenge: Modelling cardiovascular

disease

Aim
To model the effects of blood flow in a cholesterol-
clogged artery

What you need:

e Scissors

e 3 plastic cups

e 2 straws with different diameters
e Playdough or silly putty

e Tray for catching water

¢ Food colouring (red)

¢ 300 mL water

What to do:

1 Use the scissors to cut a hole on the side of two
of the cups, near the base. Each hole should be
approximately the same distance from the base
of the cup.

2 Gently enlarge the hole on one cup to fit the
narrow straw. Repeat for the second cup with a
wider straw.

3 Cut the narrow and wide straws so they are the
same length (approximately 5 to 7 cm long).

4 Place the narrow straw into the hole in the cup
with the smaller hole and the wider straw into
the hole in the cup with the wider hole. Make
sure the holes are not squeezing the straw and
narrowing it.

5 Use the playdough or silly putty on the inside
of the cup to seal the hole around the straws
so that water will not leak out of the hole
(Figure 1).

Oxford University Press

Figure 1 The playdough should be placed around the straw on
the inside of the cup to prevent leaking.

6 Place both cups in the tray, making sure the
straw is pointing towards the base of the tray.

7 Measure 300 mL of water and add a few drops
of red food colouring to it. Use the third cup
to quickly fill the two cups in the tray with the
coloured water.

8 Describe the flow rate of water through each
straw (Figure 2).
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Figure 2 The water will flow at different rates.
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<

Questions

1 Describe how modelling can be used to
investigate the cause of a disease.

2 Describe the differences between the two cups
used in the model.

3 Describe similarities in the two cups used in
the modelling experiment.

Lesson 3.3

4 Compare the cup models to a healthy artery and

an artery that is clogged by a cholesterol plaque.

5 Explain how a cholesterol-clogged artery would

affect the normal functioning of the body.

6 Describe how environmental or lifestyle factors

could reduce a person’s chance of developing
this disease.

Challenge: Modelling the effects of
genetics on heart disease

Modelling the effects of genetics
on heart disease

All people inherit their genetic material (DNA)
from their parents. Half of a person’s DNA comes
from their mother, and half comes from their father.
Cardiovascular disease can be influenced by factors
in the environment and the genetic material that
you inherit from your parents. Some of this genetic
material can increase your chances of developing type
2 diabetes, high cholesterol in the blood vessels and
high blood pressure that stiffens the blood vessels.
In this activity, you will model how these different
genetic factors are passed from parents to children.

Aim
To model the effects of genetic material that

increases the chances of cardiovascular disease
being passed from parents to two children

What you need:

e Mother’s genetic material in a bag or envelope
containing:
— type 2 diabetes: 5 red beads and 1 blue bead

122 Oxford Science 9 Victorian Curriculum

— no high cholesterol: 1 red counter and 3 blue
counters
— no high blood pressure: no red buttons and
4 blue buttons
¢ Father’s genetic material in a bag or envelope
containing:
no type 2 diabetes: 2 red beads and 4 blue
beads
— high cholesterol: 4 red counters and 0O blue

counters
— average blood pressure: 2 red buttons and
2 blue buttons

What to do:

1 Child 1 has half the genetic material from their
mother (3 beads, 3 counters and 2 buttons)
and half their genetic material from their
father (3 beads, 3 counters and 2 buttons).
Carefully mix the genetic material from the
mother. Without looking, select the appropriate
number of beads, counters and buttons from the
mother’s bag/envelope.

2 Carefully select the genetic material of child 1
from the father’s bag/envelope.
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3 Combine the genetic material from child 1 and Questions
record the results.

4 Place the genetic material of both parents back 1 Identify the diseases that child 1 and child 2 are
into the appropriate bags/envelopes and mix. at risk of developing.

5 Repeat steps 1 to 3 to determine the inherited 2 Describe the symptoms of each disease
genetic material for child 2. represented in this model.

3 Describe the lifestyle changes that child 1 and
child 2 can make to reduce their chances of
Results . .
developing these diseases.

Copy Table 1 into your notebook and record your 4 Explain how genetics can affect the

results. development of non-infectious diseases.

Table 1 Results for modelling the inheritance of genetic material that is linked to disease risk. A higher number of red beads/counters/
buttons indicates the risk of developing the disease.

Beads Counters Buttons Diseases (type 2 diabetes; high

dnld (red/blue) (red/blue) (red/blue) cholesterol; high blood pressure)

Lesson 3.4
Science as a human endeavour:
Pathogens cause disease

Key ideas

— Infectious diseases are caused by microorganisms such as bacteria, fungi and viruses. @

Learning intentions

— Koch's postulates provide a process for identifying the cause of an infectious disease. '
and success criteria

Introduction

One of the most exciting things about science is the way ideas can change as new evidence is
discovered through experimentation. For many centuries, diseases were thought to be a result
of supernatural causes (ghosts, fairies, witchcraft) or bad habits and lifestyle. >
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microorganism

a living thing that can
only be seen with a
microscope

pathogen a
microbe that can
cause disease
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One of the first people in Western medicine to question the accepted idea of supernatural
causes of disease was Hippocrates (460-377 BCE). He concluded that something in the
air, soil, water and food caused diseases in humans and animals. His work was followed
up by Claudius Galen (131-201 CE), who was a doctor to the gladiators and used animal
dissections to explore anatomy.

Girolamo Fracastoro (1478-1553) was an Italian astronomer and doctor who was
one of the first to suggest that disease could be transmitted from person to person via
small invisible particles. He theorised that these particles could travel through the air, via
contaminated clothing or by direct contact with the sick person. It took 200 years and
the invention of the microscope to confirm his theories and to develop the “germ theory”
used today.

Germ theory states that many diseases are caused by the presence and actions of specific
microorganisms. These microorganisms are called pathogens (Figure 1). Germ theory
was confirmed by Louis Pasteur (Figure 2) and Robert Koch.

Figure 1 Most infections are caused by microscopic pathogens such as bacteria or viruses. (A) Bacteria (such as
those that cause tuberculosis) are very small cells that are able to reproduce by themselves. They can release toxins
that affect the normal functioning of our body. (B) Viruses (such as those that cause influenza) are much smaller
than bacteria and are unable to reproduce by themselves. Instead they invade the host’s cells and use the organelles
to make new copies of themselves. This stops the host’s cells from functioning properly.

>

Wait

11

Broth heated Flask left open Growth

Open flask

v

Broth heated Flask sealed No growth Growth

Figure 2 Louis Pasteur’s experiments found that microorganisms in milk were killed by heat. This process is called
pasteurisation and is still in use today.
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Robert Koch went on to develop a set
of rules, known as Koch’s postulates, that
provide evidence that a pathogen causes
a disease.

Koch’s postulates:
1 The microorganism or other pathogen is
present in all cases of the disease.

2 The pathogen can be isolated from

the diseased host and grown in the host aliving
organism that
provides energy and
nutrients to another
organism, including
a pathogen

laboratory.

3 The pathogen from a pure culture causes
the disease when inoculated into a healthy
susceptible laboratory animal.

4 The pathogen is re-isolated from the new
host and shown to be the same as the
originally inoculated pathogen.
Australian scientists Barry Marshall and

Robin Warren followed these postulates

when they researched stomach ulcers

in 1984. Prior to this, stomach ulcers

were thought to be caused by stress and

bad eating habits. Marshall and Warren

discovered that a bacterium (Helicobacter

pylort) was found in all patients with A

stomach ulcers. Most doctors at the time Figure 3 Robin Warren (left) and Barry Marshall (right)

thought that no bacterium could survive

in the acidic environment of the stomach. Marshall and Warren isolated the bacterium

and injected it into mice, causing the disease in the mice. Unfortunately, many doctors still

did not believe the research, so Barry Marshall ignored laboratory safety and swallowed a

culture of the bacteria, causing the disease in himself. Treatment with antibiotics killed the

bacteria and cured his stomach ulcer. Barry Marshall and Robin Warren were awarded the

Nobel Prize in Physiology or Medicine in 2005 (Figure 3).

Antibiotics

Before antibiotics were discovered, a single scratch from a thorn on a rose bush could become
infected and kill a person.

In 1928, Alexander Fleming was trying to grow bacteria in his laboratory. When he
returned from holidays he discovered that some Petri dishes he had left open on the bench
were growing a mould similar to that found on bread. There were no bacteria growing
near the mould. Being a good scientist, Fleming recognised that further investigation was
necessary. He performed some experiments and discovered that the Penicillium mould
was releasing a chemical that killed bacteria. Australian scientist Howard Florey was then
instrumental in developing penicillin into a form that could be mass-produced. Both men
were awarded the Nobel Prize in Physiology or Medicine for their work.

Penicillin works by breaking down the cell walls of bacteria. As human cells do not have
a cell wall, they are unaffected. This means that penicillin will kill the bacteria in your body

Oxford University Press Module 3 Infection and disease 125

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



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

but not kill your own body cells. Viruses do not have cell walls. Instead, they have a protein
coat that surrounds and protects them. This means penicillin does not affect viruses, such
as influenza, coronaviruses or the common cold.

Viruses can be killed or controlled through the use of antiviral medication.

@) Testing your skills and capabilities

Identifying assumptions

Scientists are always asking questions and challenging what they know. Robin Warren and

Barry Marshall asked questions and challenged the assumption that stomach ulcers were

caused by stress. Everyone makes assumptions (accepting that something is true or certain

without evidence) based on past experiences. It is a way of saving time and thinking space.

We assume that the Sun will rise in the morning, that the chair we sit on will not collapse

and that food we have cooked will be hot. Making assumptions is not always a bad thing,

as long as we are aware that we are making them. Asking questions is a way of identifying

assumptions that are not true.

1 Identify the question that Robin Warren and Barry Marshall asked about stomach ulcers.

2 Identify how Warren and Marshall used each of Koch’s postulates to find the cause of
stomach ulcers.

3 Identify the assumption that other doctors had made about the cause of stomach ulcers.
Identify one assumption that you have made in the past week.

5 Describe the evidence you would need to convince yourself that your assumption in
question 4 was incorrect.

6 Describe an invention or behaviour you would change if your assumption in question 4
was incorrect.

Skills builder: Conducting investigations

7 Scientists that work with pathogens in the laboratory are at risk of being exposed to
extremely dangerous illnesses. You may have seen people in a laboratory wearing full
personal protective equipment (PPE). People that work with pathogens typically have
all their skin covered and sealed. This is one of the ways scientists manage risk.

a Explain why wearing PPE in the laboratory is important when working with
pathogens. (THINK: What are the risks of contracting a virus? What could happen
if results were contaminated?)

b Identify one other measure that can help keep scientists safe in the laboratory.

(THINK: Should scientists work alone? What can go wrong if you are alone in
the lab?)
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Lesson 3.5
Experiment: Investigating germ theory

Caution! ¢ Identify the (dependent) variable that you will
Do not open the tape seals on the agar plates. TR e O GloSarTs,
¢ Identify two variables you will need to control
. to ensure a valid test. Describe how you will
Aim control these variables.

e Identify th terial ill need fc
To determine what factors affect the growth of /ISR RIS W S SR G

. . experiment.
airborne microbes

¢ Develop a method for your experiment and
write it in your logbook.

Materials
¢ Construct a table to record your results.
e 4 agar plates ¢ Show your teacher your planning for approval
« Sticky tape or paraffin film before starting your experiment.
¢ Permanent marker
* Various disinfectants Results
M eth Od Record all your results. You could take photos

showing the microbe growth on the agar plates.
1 Open the lid of one agar plate and leave it

sitting on the bench for 15 minutes. Have a DiSCUSSion
conversation near the open plate.
2 Place the lid back on top of the agar plate and 1 Define the term “bacterial colony”.
seal it with sticky tape. Write the label “Open 2 Describe how a bacterial colony forms on an
bench” around the edges underneath the plate, agar plate.
so that it does not obstruct the view of the agar. 3 Explain why colonies are different colours
3 Leave the other agar plate unopened. Seal it with and sizes.
sticky tape. Label the plate “Control”. 4 Compare the colour and size (diameter) of the
4 Incubate the agar plates at 35°C to 37°C for different colonies that grew on each plate.
approximately 3 days. 5 Explain why you left one agar plate unopened.
5 Do not open the plates! Examine the closed 6 Evaluate whether your results support germ
plates for any growth. theory (by explaining germ theory, comparing
your results to germ theory, and deciding
| ngu [ ry. What if the first whether your results support germ theory).
aga r p|ate was Sp rayed Wlth 7 Evaluate whether your results support your

. . . hypothesis (by describing your results in one
d d IS nfeCta nt befo re bel ng to two sentences, comparing your results to
in cu b ate d ? your hypothesis, and deciding whether your

hypothesis was supported).
Plan and conduct an experiment that answers the
inquiry question. C | )
e Develop a hypothesis (If ... then ... because ...) onclusion
for your inquiry. Describe the factors that affect the growth of

* Identify the (independent) variable that you microbes.

will change from the first method.

Oxford University Press Module 3 Infection and disease 127

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



Provisioned to Campion Education (Aust) Pty Ltd on 20/06/2025 under licence.

Lesson 3.6
Identification of pathogens allows
the treatment of infectious diseases

Key ideas
— Different types of bacteria need to be treated with different antibiotics.
— Antivirals are used to treat viral infections.

@ — Fungicides are used to treat fungal infections.

Learning intentions

ton — Multicellular pathogens can cause disease.
and success criteria

Introduction

The phrase “catching a cold” is often used to describe how a person becomes infected with

a pathogen. It describes the way the normal functioning of your body is affected. You might
have a runny nose, start coughing or even experience an increase in the temperature of your
body (have a fever). Sometimes the disease can start changing the way you breathe or the way
your heart beats. Severe infections can even cause death.

A disease-causing agent that can be passed from one living organism to another is called a
pathogen. The living organism that it infects is called a host. When you have a “cold”, you are
hosting a pathogen. When you sneeze, you are passing the pathogen into the air so that it can
infect another person or host. Some pathogens can last a long time in the air, while others die
very quickly.

Knowing the agent that causes infectious diseases allows scientists to develop treatments
that target the pathogen and allow the organism (you) to recover.

Bacteria

unicellular Bacteria are small unicellular organisms
organism a living

. that can co-exist as a normal part of a
thing that has one cell

healthy living organism. We rely on “good”
bacteria to help us digest our food, and to
protect our skin from other disease-causing
pathogens. However, all bacteria have the
potential to cause a disease if their growth
becomes uncontrolled. About one person

in four carries a strain of bacteria called

Staphylococcus aureus (golden staph) on Figure 1 Some bacteria keep us healthy. Other

their skin or in their throat. Most of the bacteria are pathogens and interfere with the natural
time, it does not cause disease, unless it is functioning of our body.

able to enter the body through a cut in the skin. The internal parts of the body provide ideal
conditions for the bacteria to multiply and cause damage. It can even infect the brain, bones

and heart valves.
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Bacteria replicate through binary fission
(Module 4 Reproduction (page 152)). This
involves a single cell growing longer until
it splits into two genetically identical cells.
Binary fission can occur very quickly. Some
bacteria can replicate every 20 minutes.

Sometimes, the bacteria can be killed by
antibiotics (a drug that stops the growth of
a bacterium). Antibiotics will only affect the
mechanisms that are present in bacterial cells
and not the cells in multicellular organisms
like animals. For example, the antibiotic

Figure 2 Tuberculosis is a lung disease caused by the

bacteria Mycobacterium tuberculosis.

penicillin prevents a bacterial cell from growing or being repaired. As animal cells do not

have cell walls, penicillin will not affect the animal host of the bacteria.

Unfortunately, some strains of golden staph bacteria are resistant to multiple antibiotics;

for example, multi-resistant Staphylococcus aureus (MRSA). This means the bacteria cannot

be killed and the host is at risk of dying.

Viruses

Viruses are considered non-living pathogens
as they are unable to replicate on their own.
They are much smaller than bacteria. These
viruses often cannot survive on their own
and need to invade a living cell (including
bacteria) to survive (Figure 3). Some viruses,
such as influenza or SARS-CoV-2 (the
cause of COVID-19), can survive in sneeze
or cough droplets in the air for a short time,
before they need to be breathed into the
lungs of their next host.

Once inside a host cell, the virus breaks
apart and uses the cell’s mechanisms to make
many new identical virus copies. Sometimes
the host cell then breaks apart to release the
virus particles. This can cause damage and
eventually the disease in the host.

As the virus is often hiding inside cells, and
does not replicate by itself, it is not affected
by antibiotics (that kill living, replicating

Figure 3 Viruses such as influenza (or SARS-CoV-2)
can only replicate when they are inside another cell.

cells). This means a person infected with influenza cannot be treated with antibiotics. Instead,

antiviral treatments can be used to prevent the virus making new copies inside the cells.

Fungi

Most fungi, such as yeasts or moulds, are opportunistic pathogens. This means they are

more likely to cause a disease in a host that is already weakened. Fungi cells are larger than

bacteria cells and can reproduce both sexually and asexually. You will learn more about

these types of reproduction in Module 4 Reproduction (page 152). One type of fungi that

produces disease is Candida albicans. This yeast fungi can normally be found on the skin,

Oxford University Press

opportunistic the
ability to make the
most of favourable
conditions to thrive
and multiply
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mouth or throat of a healthy person without causing problems. Sometimes the host becomes
weakened by other diseases such as cancer or by taking some medications. When this
occurs, Candida albicans will replicate quickly and cause redness and pain when swallowing
(Figure 4).

Fungicides are chemicals that only affect fungi cells. Echinocandins are a group of
chemicals that prevent the growth of fungal cell walls. The cell wall of a fungus is different
from a bacterial cell wall. This means a fungicide will kill a fungal pathogen like Candida
albicans but not a bacterial pathogen such as Staphylococcus aureus. This is why it is important
to identify which of the pathogens (viruses, bacteria or fungi) is causing a disease.

Figure 4 Candida albicans (a yeast) is an opportunistic pathogen that causes disease in already weakened hosts.

HUMAN HAIR 50-180um >

FOR SCALE
From the COVID-19 pandemic to the US.
West Coost wildfires, some of the biggest -
threots now are olso the most microscopic.
A particle needs to be 10 microns (um) or F I N E BEAC H SAN D 90 MM >

less before it con be inhaled into your
respirotory tract. But just how small are

these specks? GRAIN OF SALT 60pm >
Here's a lock ot the relative sizes of
SR IR 200 WHITE BLOOD CELL 25um >

GRAIN OF POLLEN 15um »
DUST PARTICLE (PMi) <10um >

RED BLOOD CELL 7-8um >

5. Pollen con trigger allergic reactions
Ooq ond hay fever—which 1in 5
K Americans experience every yeor.

Sourve s s>

RESPIRATORY DROPLETS 5-10um >

DUST PARTICLE (PM2s) 2.5um >
BACTERIUM 1- 3” > ‘ /i
WILDFIRE SMOKE 0.4.0.7
~ CORONAVIRUS 0.1-0.5um x .
Respiratory droplets have the potential
N At \ to corry smdurpomchswlthln them,
“ZIKA VIRUS 0.045um > # such os dust or coronavirus,

b7 e - »
S = = S S —— Wildfire smoke con persist in the air for

5% 3 several days, ond even months.

* The visibility limits for whot the noked
eye con see hovers around 10-40pm.

» - -
- -~
-

Figure 5 Pathogens come in all shapes and sizes.
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Multicellular organisms

Some pathogens are multicellular organisms. An example of this is a tapeworm that can multicellular
organism a living

. . . . . e thing that has man
the intestine to survive. It has hooks around its head and mouth so that it can stabilise its ce”Sg y

position and take in the pre-digested food through its mouth (Figure 6). This can interrupt
the normal functioning of the digestive system, causing pain, vomiting, diarrhea and
weight loss. When the tapeworm replicates, the eggs pass into new hosts through faeces or

live in the intestines of animals including humans. This type of flatworm uses the food in

uncooked meats. The eggs hatch and produce a larval cyst that can live in all parts of the
body, including the liver, lungs, heart or brain. The symptoms of the larval cyst disease will
vary depending on the location. Treatment involves anti-parasitic drugs.

Figure 6 Tapeworms are flatworms that prefer to live in the intestines of their host.

Check your learning 3.6

Check your learning 3.6

Retrieve Analyse

1 Define the term “opportunistic”. 5 Compare (the similarities and differences

Comprehend between) bacteria and viruses.

2 Describe how a virus replicates. Apply

3 Describe the disease caused by a tapeworm in 6 Describe the potential symptoms of a larval cyst
the intestine. in the brain by describing the consequences of

4 Explain why a virus cannot be treated with interrupting the normal functioning of the brain.
antibiotics. 7 Describe how a virus can be transmitted from

one host to another.
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©

Learning intentions
and success criteria

Check the next
lesson for a linked
practical activity
or experiment.

virulent a
pathogen’s ability to
cause damageina
host organism

transmission the
movement of a
pathogen from one
host to another

antiseptic a
chemical that kills
a pathogen on
your skin
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Lesson 3.7
Transmission of infectious diseases
can be prevented

Key ideas
— Pathogens need to be transmitted between hosts for a disease to spread.

— Transmission of infectious diseases can be prevented by handwashing, mask-wearing,
isolation and surface disinfection.

Transmission of infectious diseases

Pathogens need a host organism in order to survive. Some pathogens are so virulent that
they quickly infect and kill their host. When the host organism dies, so does the pathogen.
To be “successful”, a pathogen needs to be able to live inside its host without killing it.

It is also important that the pathogen is not so virulent that the host cannot move. If a
human host is sick in bed, the pathogen cannot infect other hosts. The role of a pathogen is to
pass copies of itself on to new and healthy hosts so that it can survive.

While many people are healthy enough to eventually defeat the pathogen, there are many
people who are already weakened by other diseases, such as cancer, or have impaired immune
systems. If they were to be infected by the pathogen, they would be at a greater risk of illness or
death. This means that we need to be able to prevent the transmission of infectious diseases.

Preventing transmission

Preventing a pathogen from moving to new hosts is dependent on the characteristics of the
pathogen and their ability to survive outside the host.

Handwashing

One of the most common ways your body tries to rid itself of a pathogen is to flush it out with
mucous produced in the nose. This causes the symptom of a runny nose. If too much mucous
is produced, it can move down the back of the throat and cause a cough. Some pathogens
cause the tissue in the throat to become itchy, producing a cough with less mucous.

A person who has these symptoms will commonly rub their nose or cover their cough with
a hand. This coats the hand with the viral or bacterial particles that are caught in the mucous.
If they touch a door handle or table with that hand, the mucous and pathogens are passed on
to the surface.

One of the most effective ways to prevent the transmission of these pathogens is to wash
your hands after touching your nose or face. Running your hands under warm water can
usually flush the pathogen and mucous from the skin. It is even more effective to use an
antiseptic chemical or soap. While soap does not always kill the pathogen, it does prevent
it sticking to your skin. The length of time spent washing your hands is important. The
American Centers for Disease Control and Prevention (CDC) recommends that your hands
are scrubbed with a soap lather for 20 seconds (Figure 1). This is the length of time it takes
to sing the song “Happy Birthday” twice.
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Figure 1 Soap lather rubbed over the hands for 20 seconds is enough to kill most pathogens.

Some chemicals do not need water to be an effective antiseptic. While these substances
are not as effective as soap and water, hand sanitisers with at least 60% alcohol will kill many
pathogens. These antiseptics need to be rubbed over the surfaces of the hands until the hands
are dry in order to Kkill the bacteria, viruses or fungi.

Surface disinfection

Unfortunately, not everyone is aware of how to prevent the transmission of pathogens. This
means that viruses, fungi and bacteria can be easily transmitted to non-living surfaces such
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